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Consultation Questions

Background

This guidance sets out what is required with respect to risk assessment for landfills. It is intended to provide
the framework to enable landfill operators to produce a structured risk assessment that relates to the
regulatory decisions that the Environment Agency must make. It does not provide all the necessary detail to
undertake individual risk assessments.

The following is a summary of the main issues raised in the guidance and upon which the Agency would
particularly welcome responses:

1. Scope of the document (Section 1)

The guidance covers risk assessments in respect of landfill gas, hydrogeological, stability, dust and
accidents. The main emphasis of the guidance is on decision-making with respect to PPC permit
applications.

Views are invited on the appropriateness of the scope of the guidance.

2. Risk Assessment Approach (Section 2)

The guidance describes the proposed approach to risk assessment. This includes the use of a tiered
approach; the source pathway receptor methodology and the use of environmental benchmarks to define
what may represent an acceptable impact. The Risk Screening approach adopted by the guidance involves
basic scoring or ranking techniques to prioritise potential risks in relation to each other. This approach would
place simple modelling and calculations primarily into the Simple Risk Assessment tier.

Views are invited on the approach to risk assessment in the guidance, in particular the approach to Risk
Screening.

3. Expert Interpretation (sections 2 and 7)

The guidance stresses the need for expert interpretation. This is to ensure that  any assumptions and
uncertainties are clearly identified and addressed. The guidance also warns against undue reliance being
placed on quantitative model results. This is to ensure that modelling is only used where the understanding
of the site can support that use.

Views are invited as to the appropriateness of this emphasis and approach.

4. The Source, Pathways and Receptors (section 4)

The guidance describes the source of the risk, the pathways and the receptors with respect to each of the
risk assessment subjects.

Views are invited as to how the guidance deals with the source, pathways and receptors.

5. Risk Assessment Scenarios (section 5)

The guidance considers three categories of events to describe the operations of a landfill: normal, abnormal
and accidents. The guidance identifies example scenarios that can be considered in each of the risk
assessment subjects.

Views are invited on this approach to categorising the potential impact of landfills through normal and
abnormal occurrences and on how accidents are dealt with in the guidance. Views are invited on the
example scenarios provided.

6. Reporting of Human Health Impacts (section 6)



Pollution is defined as emissions that may be harmful to human health or the quality of the environment, and
the risk assessment must therefore consider the potential impact on people and the environment. The
guidance gives recommendations as to how a risk assessment should be reported including the potential
impact on human health

Views are invited on the reporting requirements in particular how the risk to individual receptors should be
reported and how the potential human health impact should be set out.

7. Decision-Making (section 7)

The guidance requires that the potential impact of the landfill is predicted for a variety of circumstances. The
predicted impact is then considered together with any proposed regulatory measures and best practice
operating techniques, in order to make a regulatory decision. The guidance stresses the need for expert
interpretation; simple numerical pass and fail criteria cannot be used in isolation to make a decision. The
Agency will make a decision based on professional judgement informed by the understanding of the landfill,
the results from all the risk assessments and any consultation responses.

Views are invited on how normal, abnormal and accidents are used in the decision-making process. Views
are also invited on whether the guidance provides a framework for a proportionate, consistent and
transparent decision based on evidence.

Who should read this consultation?

This document will be of interest to landfill operators. It will be of particular interest to operators and
consultants involved in preparing a landfill PPC permit application. It will also be of interest to those bodies
who are consultees to the PPC application process or who may wish to contribute to the decision-making
process.

How to respond to the consultation

Responses, requests for further copies, or queries regarding the scope or content of this paper should be
made to: Jill Rooksby (Landfill Sector Coordinator), Environment Agency, Olton Court, 10 Warwick Road,
Olton, Solihull, B92 7HX. email: jill.rooksby@environment-agency.gov.uk. The closing date for responses is
Friday 30th July 2004.

Where representative groups respond to the proposals in this paper it would assist the Agency if they
provided a summary of the people and the organisations that they represent. Please order your comments
under the same headings as the consultation document. Responses may be made public unless
confidentiality is specifically requested. All Reponses will be included in any statistical or other summary of
results.

Code of Practice on written consultation

This consultation document has been produced in accordance with the Cabinet Office Code of Practice on
written consultation.

The consultation criteria are:

1. Consult widely throughout the process, allowing a minimum of 12 weeks for written consultation at
least once during the development of the policy.

2. Be clear about what your proposals are, who may be affected, what questions are being asked and
the timescale for responses.

3. Ensure that your consultation is clear, concise and widely accessible.
4. Give feedback regarding the responses received and how the consultation process influenced the

policy.
5. Monitor your department’s effectiveness at consultation, including through the use of a designated

consultation co-ordinator.
6. Ensure your consultation follows better regulation best practice, including carrying out a Regulatory

Impact Assessment if appropriate.



Should consultees have any complaint or comment about how this consultation process is conducted they
may direct them to the following person, who is outside the Agency team responsible for the document:

Mr Jack Bradley, Environment Agency Corporate Affairs, 2430 The Quadrant, Aztec West, Almondsbury,
Bristol, BS32 4AQ.  Telephone 01454 878786 or Email: jack.bradley@environment-agency.gov.uk
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1 INTRODUCTION

1.1 Background to the Guidance

Risk assessment is used in many areas of life as an aid to decision-making. It is
particularly relevant to areas of environmental decision-making such as the operation of
landfill sites. Landfill developments are almost always controversial and regulatory bodies
such as the Environment Agency and the planning authorities have to make decisions as
to whether the development is acceptable and what constraints should be imposed on the
operator to manage the risks from the landfill. These decisions will be closely scrutinised
by all interested parties.

In order to build and maintain public trust in the regulatory process, the Environment
Agency’s decision-making process should arrive at decisions that are:

• legal

• rational

• transparent

• justified

• understandable

These attributes are consistent with the “Principles of Managing Risks to the Public"
established by the Government’s risk improvement programme (http://www.hm-
treasury.gov.uk/media//8B2AE/risk_principles_220903.pdf). This initiative was set up
following a detailed review of risk management across government (Strategy Unit, 2002).

For landfill sites, risk assessment forms an essential part of the decision-making process,
but it is only one part. The risk assessment does not itself provide an answer but it informs
the process so that a rational and justified decision can be reached. The method of
reporting is important – a structured and well documented risk assessment, where
assumptions, limitations and areas of uncertainty are clearly presented provides the basis
for transparent decision-making. This guidance relates to risk assessments to support
decision-making in the regulation of landfill sites.

1.2 Purpose and Scope of the Guidance

This guidance document has been produced to promote the consistent application of risk
assessment techniques in relation to decision-making at landfill sites. It is intended to
provide the overall structure for undertaking and reporting a risk assessment for a landfill
site. It should allow Agency staff to understand what is required from a submitted risk
assessment. The guidance should also allow operators to understand what the required
objectives and outcomes of the risk assessment process should be. This guidance does
not provide all the detail needed to conduct a risk assessment for a landfill and reference
must be made to other guidance on risk assessment.

Risk assessment must be used by operators to develop their design and risk management
procedures for landfills. However the main emphasis of this guidance is on the production
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of risk assessments submitted in support of applications made to the Agency. In particular
to provide guidance to operators as to the Agency’s requirements for risk assessments
produced in support of Pollution Prevention and Control Permit applications. Section 3
addresses PPC requirements and Section 7 provides an overview of relevant legislation.

The guidance can also be used to determine the risk assessment requirements to support
the Agency’s decision-making in the following areas:

• consultations on planning applications

• variation applications

• surrender applications

The main scope of the guidance is limited to five areas of risk assessment:

• Accidents and their Consequences

• Hydrogeology

• Landfill Gas

• Particulate Matter

• Stability

This guidance concentrates on the above key areas of concern specific to landfill sites.
The scope of the guidance does not include a detailed consideration of “nuisance” such as
litter, although the “amenity” risk assessments are dealt with briefly in section 3.1.5. For
issues such as noise, reference should be made to the PPC cross-sectoral guidance (see
Section 3.1.5).

The guidance indicates how impacts on human health and on habitats should be
addressed.  The guidance also covers how these impacts should be reported and how
they guide the decision-making process.

The guidance does not deal directly with determining Best Available Techniques (BAT) for
leachate and landfill gas treatment. The Agency is producing separate BAT guidance for
leachate treatment. The Agency guidance on the management of landfill gas forms the
basis for setting conditions in PPC permits that provide all appropriate measures to be
taken against pollution, to limit emissions and impact on the environment including human
health.

1.3 Additional Guidance

The main guidance that should be read in conjunction with this document is as follows:

Guidelines for Environmental Risk Assessment and Management (DETR et al., 2000);

IPPC H1 Horizontal Guidance: Environmental Assessment and Appraisal of BAT
(Environment Agency 2003);
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Hydrogeological Risk Assessments for Landfills and the Derivation of Groundwater Control
and Trigger Levels (Environment Agency 2003);

Guidance on the management of landfill gas (Environment Agency, 2004);

The Stability of Landfill Lining Systems Report No 1 Literature Review (Environment
Agency, 2002);

The Stability of Landfill Lining Systems Report No 2 Recommendations (Environment
Agency, 2002);

Guidance on monitoring of landfill leachate, groundwater and surface water (Environment
Agency, 2003);

Monitoring of Particulate Matter in Ambient Air around Waste Facilities, M17 (Environment
Agency, 2003);

Guidance on Landfill Completion (Environment Agency, 2004);

Guidance on applying the Habitats Regulations to waste management facilities (Appendix
6 of the Habitats Directive Handbook (Environment Agency, 2003).

1.4 Structure of the Guidance

Section 2 introduces some of the key concepts of risk assessment including a tiered
approach and discusses the different levels (tiers) of risk assessment that may be required
at a landfill (Sections 2.4 to 2.7). The use of models and the iterative nature of risk
assessment is discussed (Sections 2.8 to 2.9).

Sections 3.1 and 3.2 consider the risk assessment requirements for PPC permitting and
planning respectively.

Section 4 considers the sources, pathways and receptors. A distinction is made between
the source term for existing and new sites (Sections 4.1.1 and 4.1.2). Inert sites are
considered in Section 4.1.9. Section 4.2 considers the main pathways for emissions and
the issue of how much detail is needed in understanding the processes involved (section
4.2.3). Section 4.3 deals with the receptors. Section 4.4 considers the setting of
environmental benchmarks against which to compare the impact of emissions. The issue
of background quality is dealt with in Section 4.5.

Section 5 sets out the different categories of operations that need to be considered
(Section 5.1), then looks at the scenarios that need to be addressed in the risk
assessments (Sections 5.4 to 5.10).

Section 6 deals with the methods of reporting.

Section 7 considers decision-making, setting out the legislation background (Section 7.1),
the assessment of impacts (Section 7.2) and regulatory decision-making (Section 7.3).
This includes decisions on landfill location (Section 7.4) and the risk management
measures (Section 7.5).
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2 OVERVIEW OF RISK ASSESSMENT FOR LANDFILLS

2.1 Background

Risk assessment is used widely within regulation, business and finance as a management
tool to aid decision-making.  It involves the separate consideration of the likelihood and the
consequences of an event, for the purposes of making decisions about the nature and
significance of any risks, and how best to manage any unacceptable risks.  It is an activity
which is familiar to and performed by us all, albeit intuitively.

Risk assessment requires an understanding of the source of a hazard, the characteristics
of a receptor that may be at risk from that hazard, and the means, or pathway, by which
the receptor may be affected by that hazard.  Risk management typically involves answers
being sought to the following questions.

• What hazards are present and what are their properties?

• How might the receptors become exposed to the hazards and what is the probability
and scale of exposure?

• Given exposure occurs at the above probability and magnitude, what is the probability
and scale of harm?

• How significant is the risk and what are the uncertainties?

• What needs to be done to prevent, control or minimise the risks?

The Agency adopts a tiered approach to answering these questions, in accordance with
good practice, which is described in its general guidance on environmental risk
assessment and management (DETR et al, 2000).  The tiered approach is outlined in
Figure 2.1. By adopting a tiered approach, resources can be targeted where risks or
uncertainties are high thus ensuring that the level of effort is proportionate and risk
reduction is maximised.

Clear definition of the problem allows screening and prioritisation of risks, which allows the
level of risk assessment to be matched to the needs of the problem.  If the risk
management decision cannot be made based on an initial Risk Screening assessment,
then more detailed approaches are used, focusing on the key risks identified.  The
emphasis is on:

• understanding the environmental setting;

• employing simple, qualitative tools to identify and prioritise risks; and

• applying greater levels of quantified risk assessment according to need.

It is important that all risk assessments, are carried out in a robust, systematic and
transparent manner.
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It is important to distinguish between the terms risk and hazard. They are often used
interchangeably but have distinct and separate meanings. These are defined in DETR et
al., (2000) and are reproduced in Box 1 along with additional key terminology.

Box 1 – Definitions relevant to risk assessment

Consequences – the effects (or impacts) of a particular, situation or event. Impacts may be
positive (benefits) or negative (costs or harm). Risk assessments usually focus on assessing the
potential negative consequences (the harm) that may result from the realisation of the identified
hazards.
Harm - the damage to a receptor that results when a hazard is realised.
Hazard - a property or situation that in particular circumstances could lead to harm .
Risk - a combination of the probability, or frequency, of occurrence of a defined hazard, and the
magnitude of the consequences of the occurrence.
Risk assessment - the qualitative/quantitative estimation and characterisation of risks.
Risk management - the process of making and implementing decisions about accepting or
altering risks.
Pollution - emissions as a result of human activity which may be harmful to human health or the
quality of the environment, cause offence to any human senses, result in damage to material
property, or impair or interfere with amenities and other legitimate uses of the environment.

Any risk assessment should be carried out at a level of complexity that is proportional to
the potential environmental hazard that the site poses, the level of uncertainty, and the
likelihood of risks being realised. This important principle means that the appropriate level
of risk assessment should be that which is sufficient to provide confidence in the predicted
impacts, in order to allow decision-making. The more sensitive the setting, the greater the
level of confidence required.

The purpose of carrying out an environmental risk assessment is to inform a risk
management decision; that is, to determine what risk management measures need to be
taken to prevent and control the identified risks.  There may be more than one way of
managing the identified risks, and the decision as to which is the best option may need to
be informed by a detailed options appraisal taking into account relevant factors of
technology, economics, social issues and management.  The Agency’s H1 guidance on
Environmental Assessment and Appraisal of Best Available Techniques (BAT) provides
guidance on comparing different risk management methods (Environment Agency 2003a).
Within this guidance, sections 7.4 and 7.5 describe the decision-making process with
respect to PPC permitting.

The risk management measures, both for any particular site and for the operations taking
place there, should be regarded as an integrated whole.  A change to one part or element
of the system, such as the design standards, or the quality and content of record keeping,
or the training and competence of staff, will potentially change the effectiveness or
performance of the risk management system as a whole.  This means that any proposed
changes to any part of a risk management system should be assessed for their effect on
the overall performance of the risk management measures, to ensure that the necessary
standards of environmental protection are maintained for that system and for the overall
site operations.
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Figure 2.1: Tiered Approach to Environmental Risk Assessment and Management (after DETR, et
al 2000)
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2.2 The ‘Source-Pathway-Receptor’ Concept as the Basis for Risk Assessments

Fundamental to the good practice framework for risk assessment shown in Figure 2.1 is
the source-pathway-receptor approach.  For a risk to exist there must be an identified or
plausible relationship between the three individual components of:

• source – i.e. the hazardous substance or material

• pathway – i.e. the mechanism by which the receptor and source can come into contact
(e.g. by a hazardous event or action on site giving rise to a release of the hazardous
substance or material to atmosphere or to ground)

• receptor – i.e. the entity (e.g. human, water body, ecosystem, building, etc.) that is
vulnerable to the adverse effects of the hazardous substance or material

These are discussed in detail in Section 4 but an overview is provided below.

The ‘source’ for waste management facilities is defined by the hazardous properties of the
waste types and operations to which they will be subjected on an existing or proposed site.

‘Pathways’ are the means by which the identified hazards are transferred from the source
into the environment and from there to any defined ‘receptors’. These include, but not
necessarily restricted to:

• releases to atmosphere such as landfill gas and particulate matter (atmospheric
pathway)

• releases to the sub-surface environment such as leachate and landfill gas (sub-surface
pathway)

• releases to surface water such as a leachate breakout (surface water pathway)

If humans (or animals) are exposed to hazardous substances or emissions via one or
more of the above pathways, harm to their health may occur through a number of
“exposure pathways”. For example, in the case of releases to atmosphere, exposure may
be via inhalation or ingestion (see section 5.9).

Receptors are those entities that are liable to be adversely affected by the identified
hazards.  These include, but are not necessarily restricted to:

• people outside the site boundary

• properties outside the site boundary

• ecosystems, especially sites (but not exclusively) designated in accordance with the
Habitats and Birds Directives

• surface water in the vicinity of the site

• groundwater in the vicinity of the site

• atmosphere, which is a receptor in regard to the risk of climate change.
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If it can be shown that there is no plausible connection or pathway between potential
releases from a specified hazardous source and environmental receptors, which are
known or expected to exist in the vicinity of the site, then the situation cannot be
considered to present a risk. In this case, there is no plausible source-pathway-receptor
relationship.

Box 2 - Examples of potential human health source- pathway-receptor linkages
There is potential for wide exposure to dust/particulate matter from landfills and there is likely to be a complete
source-pathway-receptor linkage at all landfills.

Deposits of dust, combustion products and/or raw gas constituents in areas of food production such as
allotments or market gardens or irrigation of crops with contaminated water can occur and could impact on
receptors including people. Accidental or deliberate consumption of soil may be an appropriate consideration,
for example, where there are domestic dwellings with gardens.

Some of the trace constituents of landfill gas have known hazardous properties. Landfill gas, if not collected
and treated, can be dispersed over a wide area with varying levels of dilution depending upon the
meteorological and topographical conditions. At all landfills producing gas, where there are relevant receptors,
there will be the potential for a complete source-pathway-receptor linkage.

The emissions from landfill gas flares and engines have different characteristics because of the different
nature of the combustion but both have the potential to produce compounds harmful to human health. Where
there are relevant receptors, there will be the potential for a complete source-pathway-receptor linkage from
aerial combustion product emissions.

Where there is a drinking water supply down gradient of the landfill there will be the potential for a complete
source-pathway-receptor linkage. Public water supplies from groundwater are carefully monitored and
controlled and there is often some form of water treatment prior to use. The impact of leachate contamination
on a public drinking water borehole would be a major environmental and water resource incident. Provided the
problem is identified and the source-pathway –receptor linkage is broken, the impact would be the loss of the
resource rather than an impact on public health. For a landfill situated on or in a non aquifer, with no private
drinking water supplies and no surface water receptors, there would be no need to consider the human health
impact of drinking contaminated water as for this scenario there would be no potential complete source-
pathway-receptor linkages. In this case, other environmental pathways and receptors might require more
attention.

A decision that a plausible source-pathway-receptor relationship exists does not always
mean that there must be firm evidence of the presence of all three components.  However,
it must be evident that the source has hazardous properties that have the potential to
adversely affect the receptors in question.  Furthermore, the presence of the receptors
must be proven or be a realistic possibility.  It may not always be possible to prove the
presence of a pathway linking the two, but again this should be a realistic likelihood rather
than a purely theoretical possibility.

In making decisions about source-pathway-receptor relationships for waste management
facilities, it is important to give consideration to taking a precautionary approach in the light
of expected changes and events over the lifetime of the facility.  These may result in the
nature of the relationship changing with time.  For example, changes to the physical and/or
chemical structure and composition of waste materials will influence the nature of the
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associated hazard(s).  Decisions should be made on a site-specific basis, bearing in mind
the need to take both a proportionate and precautionary view.

If a plausible source-pathway-receptor relationship is identified for a particular site, this will
normally be taken by the Agency to demonstrate the need for appropriate risk
management measures to prevent the anticipated risks being realised.  In many cases,
robust decisions about the presence of a plausible source-pathway-receptor relationship
will be sufficient for decision-making about the need for risk management measures. The
resources applied to risk assessment should be proportional to the risk and this means
that it may not always be necessary to undertake a detailed quantitative risk assessment.
An exception is where detailed quantitative assessment of the probability and scale of
risks involved may be necessary to enable detailed design of the risk management
measures, for example, design of landfill liner systems.  In other cases, simple
assessments of probabilities and consequences may be sufficient to inform decision-
making.

The basis of the tiered approach to risk assessment (see Figure 2.1) is that the level of
effort put into assessing risk reflects the nature and complexity of the risk.  For many
waste management facilities, it will be more appropriate to put most effort into design and
management of the facility, provided that robust initial decisions are made about source-
pathway-receptor relationships, and the location of the site is potentially acceptable.
Identification of such relationships requires a good understanding of the environmental
setting and the processes that could result in receptors being exposed to the particular
hazards.

2.3 Problem Formulation (Including Conceptual Model Development)

Understanding the problem to which the risk assessment is to be applied is a critical
precursor to any risk assessment process. This involves formally defining what the risk
assessment is actually for. This ensures a clear understanding as to the intentions and
boundaries of the risk assessment. The main method of understanding the problem that
the risk assessment must address is through the development of the conceptual model of
the landfill.

In this guidance the term conceptual model means an understanding of the landfill
(including the design and operational fundamentals) in its environmental setting. This
understanding is then used as the basis for conducting the risk assessment.

It is important to recognise that the conceptual model is not just an understanding of the
site setting alone.  Without the understanding of the basic design and operational
principles of the landfill (for example elements such as waste types, schematic
containment design, cell sizing, gas management provisions etc) it is not possible to fully
consider the relationship between the site and its environment. The development of the
conceptual model is important since, if there is a misunderstanding of the basic concepts
of the site’s design or environmental setting, then any consideration of the risk will be
flawed. The conceptual model is likely to change, with time.  For example, monitoring is
likely to provide an increased knowledge of the site illustrating the need to continually
review and update the conceptual model (section 2.8) as more data are gathered and
interpreted.
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The conceptual model must identify possible sources, pathways and receptors and the
processes that are likely to occur along each of those pollutant linkages.  The conceptual
model should incorporate a broad range of information into a single coherent model, for
example, information on:

• geology

• hydrogeology and hydrogeochemistry

• hydrology

• topography

• landfill development

• local ecology

• human populations

• chemical analysis e.g. leachate and landfill gas

A conceptual model may use some or all of this information depending on the nature and
complexity of the risks and the sensitivity of the site.  A conceptual model may be
presented in a visual form, that is, in diagrams indicating the various source-pathway-
receptor linkages and in writing, possibly in tables giving the same information.

There should be only one conceptual model for the landfill site submitted as part of a PPC
permit application. There must not be separate accident, hydrogeological, landfill gas,
particulate and stability conceptual models.

General guidance on the development of conceptual site models for sub-surface
contaminant transport has been published by the Agency (Environment Agency, 2001).

It is important to recognise that the conceptual model will not always be at the same level
of detail. The level of detail will vary depending upon the complexity of the risk assessment
to be undertaken. For instance a complex hydrogeological assessment may require a
detailed understanding of the attenuation properties of the unsaturated zone in order to
predict the behaviour of contaminants in that pathway. The level of uncertainty in the
understanding of the site’s setting is also an important consideration in determining the
level of detail required in the conceptual model.

The information requirements that form part of the overall conceptual model are often
related to the information needed for modelling tools at different levels of assessment. The
overall principle is that the understanding of the site and its environmental setting must
provide the Agency with sufficient confidence that the risk assessment is considering the
correct issues i.e. the problem formulation is correct. For more sensitive locations, it is
likely to be important to understand the landfill and its setting in greater site-specific detail.
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2.3.1 Best Practice and Best Available Techniques (BAT)

Best practice landfill management techniques must be incorporated into the conceptual
model. There are many examples of past risk assessments for biodegradable landfills
where the risk of lateral migration of gas is considered and the suggested risk
management measures are a barrier and active gas extraction. These risk management
measures should be considered at the start of the assessment. The conceptual model and
Risk Screening are the most important stages in determining the best practice
requirements. The risk assessment process should be used to refine, where necessary,
the best practice requirements. The requirements for risk management measures at a
landfill will always be a mixture of best practice and the site-specific requirements
determined through a risk assessment. At the PPC application stage the proposed design
must form part of the conceptual model.

Meeting the technical requirements in the Landfill Regulations should be taken to fulfil the
relevant requirements of the IPPC Directive (96/61/EC). The Landfill Regulations provide
some specific technical requirements for each of the three different classes of landfill
(landfills for inert, non-hazardous or hazardous wastes). The conceptual model must
include the relevant requirements for that landfill type. Box 3 gives some examples of
these technical requirements.

Where the Landfill Regulations do not provide any specific technical requirements, for
example leachate treatment, the guidance produced by the Agency in respect to BAT
should be applied in order to prevent or otherwise control emissions such that no
significant pollution is caused. In order to comply with BAT requirements, landfill gas
combustion should be carried out according to Agency guidance on the Management of
Landfill Gas (Environment Agency 2004g) and associated guidance. Where landfill gas is
being generated it must be collected and appropriately treated and it is essential to
understand that best practice and/or Best Available Techniques are used to determine the
majority of risk management measures for landfill gas. For such directly associated
activities the H1 methodology (Environment Agency 2003a) can be used to assess the
significance of the emissions and prioritise areas for control.

Box 3 - Examples of Landfill Regulation Requirements
Landfills must have a geological barrier (Paragraph 2 of Schedule 2).

A landfill for non-hazardous waste must have a leachate collection (including an artificial sealing liner) and
extraction system (with few exceptions) as well as a geological barrier (Paragraph 3 of Schedule 2).

Where leachate collection is necessary, leachate accumulation at the base of the site shall be kept to a
minimum (Paragraph 3 of Schedule 2).

Landfill gas must be collected from all landfills receiving biodegradable waste and the landfill gas must be
treated and, to the extent possible, used. Landfill gas which cannot be used to produce energy must be flared
(Paragraph 4 of Schedule 2).

Landfill gas management must be carried on in manner which minimises damage to or deterioration of the
environment and risk to human health (Paragraph 4 of Schedule 2).
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2.4 Tiered Approach to Risk Assessment

The tiered approach allows the level of detail in a risk assessment to be proportionate to
the nature and complexity of the risk being addressed.  There are three tiers of risk
assessment - Risk Screening, Simple Risk Assessment and Complex Risk Assessment.
The level of detail required increases at each tier with the risk assessment focussing more
closely on high priority risks identified in the previous stage as requiring further
investigation.   Each tier of risk assessment is described in the subsequent sections.

The necessary level of a risk assessment will always be a site-specific determination.
Many factors such as uncertainty in data and site understanding will affect the level of risk
assessment but Risk Screening will guide prioritisation of risks to be taken forward for
more detailed assessment.  Other factors that affect the level of risk assessment are
sensitivity of the environment including the presence of relevant receptors and the
confidence in how the models used represent the site-specific circumstances. The
selected level(s) of assessment for each risk assessment topic, identified in Section 1.2,
should be explicitly justified in the risk assessment report.  The relevant reporting criteria
are given in Section 6.1.4.

2.5 Tier 1- Risk Screening

Risk Screening is the first tier of risk assessment and involves the initial consideration of
the risks associated with a landfill. Risk Screening is used to determine whether the landfill
represents, or potentially represents, a risk to receptors. This process typically involves
identification of possible source-pathway-receptor linkages from the conceptual model,
and an initial assessment of the likelihood and magnitude of any effects that could be
associated with each pollutant linkage. Where there are no complete potential source-
pathway-receptor linkages then the risk need not be considered further. Based on the
assessment of the likelihood and the consequences of effects, the Risk Screening stage
should also prioritise the risks such that the efforts in any subsequent, more detailed, risk
assessment stage can be focused on those risks identified as important.

Risk Screening should:

• identify complete source-pathway-receptor linkages

• screen out insignificant risks

• prioritise the risks and receptors

• provide an initial assessment of the impacts at a receptor

It is recommended that the Agency should be consulted on the Risk Screening
assessment prior to making a PPC application. This will facilitate discussion between the
operator and the Agency on the understanding of the site and the priorities for the
subsequent risk assessment work.
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Various approaches to Risk Screening have been developed, common criteria used are:

• Identification and magnitude of consequences – Risk Screening can be based on
an initial evaluation of the likely pathways between the source and any potential
receptors.

Characterising the nature of the hazard requires a consistent measure to be used and
usually reflects the importance of the hazard in relation to others.  For example, one
measure might be the relative toxicity to likely receptors of the chemical components
of leachate.

• Probability of consequences – The likelihood of exposure to the hazard being
realised can be roughly estimated using coarse indicators at the Risk Screening stage.

• Significance of the risk – This reflects the harm that may result if exposure to the
hazard actually occurs.  The screening of impacts or consequences should take
account of their nature, geographical extent, timing and duration, and their likely
importance.

This level of assessment involves basic scoring or ranking techniques to prioritise potential
risks in relation to each other.  Risk Screening may be based on numerical scoring scales
such as low (1) to high (5) to score both probability and consequence, or qualitative scales
where probability and consequences are ranked on a scale of, say, low to high.  Examples
of basic risk matrices are provided in Figure 2.2a and 2.2b; these are only intended to be
illustrative and are not a prescriptive approach. Whatever scoring or ranking method is
used, the key to effective Risk Screening is consistency and transparency of approach.

Figure 2.2a  Illustrative example of basic risk matrices
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Figure 2.2 b Illustrative example of basic risk matrices
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The use of calculations is not usually necessary at the Risk Screening stage as these
would normally be undertaken at Tier 2, or Simple Risk Assessment stage (section 2.6).

However, at some sites it may be useful to include scoping calculations in the Risk
Screening process as an aid to conceptual model development. This may include use of
gas generation models such as GasSim (Environment Agency 2002a). The use of models
at the Risk Screening stage can be helpful when, say, updating an existing risk
assessment. When using scoping calculations, risks may be prioritised by, for example,
comparing chemical concentrations in the leachate and gas to appropriate
standards/criteria to establish which may be the important substances to consider. In this
guidance these criteria are called environmental benchmarks. Guidance on the selection
and use of environmental benchmarks is provided in Section 4.4.

2.6 Tier 2 - Simple Risk Assessment

Simple Risk Assessments (Figure 2.1) should be carried out for landfills when the Risk
Screening is insufficient to make an informed decision on the risks posed by the site.
Simple risk assessments will be appropriate where there is confidence that the source-
pathway-receptor linkages described in the conceptual model are well understood, the site
is of low sensitivity and where the Risk Screening has not identified any receptors that
would be particularly susceptible to the consequences of emissions. In reality, most
landfills will require a Simple Risk Assessment for further investigation of priority risks
identified during the Risk Screening process. Many of the source-pathway-receptor
linkages are well understood and will require further consideration (see Section 4 for
further information on the sources, pathways and receptors).

The level of detail will differ from that required at the Risk Screening tier mainly through a
more detailed understanding of the source and particularly the pathways. More site-
specific data will need to be collected for a Simple Risk Assessment. This data might be
the site-specific concentrations of components in leachate and landfill gas; ambient dust
concentrations etc.  The criteria against which to compare this data must be appropriate
for the receptor(s) of concern and might include site-specific environmental benchmarks
(see section 4.4).  Criteria used in the Simple Risk Assessment must be conservative in
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order that non-significant risks can be identified and “screened out”. It is the use of
conservative assumptions that may allow a Simple Risk Assessment to provide sufficient
confidence that the impacts would be acceptable.

Typically, quantitative calculations should be used in Simple risk assessments. These are
often based on generic information and data with conservative input parameters,
assumptions and methods. A simple assessment may sometimes use probabilistic models
such as LandSim 2.5 (Environment Agency 2003d) though often single values will be used
rather than probability distributions.

Where conservative assumptions in a Simple Risk Assessment result in unacceptable
predicted impacts, then it is not sufficient to conclude that if less conservative assumptions
were to be used the situation would be acceptable. It would be more appropriate to
complete a further iteration of the Simple Risk Assessment with less conservative inputs
providing these are robust and can be justified. Alternatively, high priority risks may require
more detailed investigation in a Complex Risk Assessment.

2.7 Tier 3 - Complex Risk Assessment

Complex Risk Assessments should be carried out when:

• A Simple Risk Assessment indicates an unacceptable level of risk, or

• There is sufficient uncertainty regarding the source-pathway-receptor linkages and the
use of conservative assumptions does not provide the basis for a decision, or

• The site setting is sufficiently sensitive to warrant detailed assessment and a high level
of confidence is required to ensure that the site does not pose any significant pollution
risk.

A Complex Risk Assessment should focus on those source-pathway-receptor linkages
where risks have not been “screened out”. This means that different areas of risk
assessment (accidents, hydrogeological, landfill gas, particulate and stability risk
assessments – see Section 1.2) may require different levels of complexity – the examples
in Box 4 illustrate this point.

Box 4 - Examples of different levels of complexity within landfill risk assessment
A landfill in a former clay pit with a significant natural geological barrier overlying a minor aquifer may not need
a Complex hydrogeological assessment. It may however require a Complex landfill gas assessment
depending upon the source-pathway-receptor linkages.

Within the landfill gas risk assessment, a site with receptors for aerial pathways may require a Complex Risk
Assessment of the emissions from flares and engines. If a weak source-pathway-receptor linkage is present
for subsurface emissions then a Simple Risk Assessment may be appropriate for the same site.

Complex Risk Assessments are detailed quantitative assessments and require more
detailed site-specific information. The conceptual model for a Complex Risk Assessment
would typically require a high level of detail. For instance, more site investigation may be
required to understand the local hydrogeological pathways and to gather site-specific
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information on geochemical properties such as cation exchange capacity.  Site-specific
topographical data  (terrain and buildings) would usually be needed to understand the
pathways for aerial dispersion.

Complex risk assessments often use probabilistic techniques. Probabilistic modelling
techniques can take account of the inherent variability of a heterogeneous waste body and
the environmental setting. Complex Risk Assessments will often use sophisticated
modelling tools such as new generation air dispersion models.  A Complex stability
assessment will often use models based on, for example, finite element analysis
techniques.

2.8 Iteration in Risk Assessments

Risk assessment is an iterative process. This means that information gathered through
undertaking the risk assessment (or through monitoring) is fed back into earlier stages and
the process begins again. The understanding of the site will be refined (and may change)
throughout the life of the site as more information is gathered and interpreted. The
conceptual model must be continually updated to ensure that the fundamental
understanding of the landfill site is correct. For example, monitoring or site investigations
may provide information on groundwater levels that may necessitate a change in a number
of assumptions in the conceptual model; this could then require a new iteration of the risk
assessment

When operators are designing their site they will commonly go through a number of risk
assessment iterations before arriving at their preferred option. The Agency will rarely see
these iterations. In practice, the operator will submit the version of the risk assessment that
reflects the specific proposals in the application. For regulatory decision-making, unless
the Agency requires further risk assessment work, the decision will be based on the final
iteration of the risk assessment submitted with an application.

It is important to understand that the risk assessment process does not end at the
application stage. The risk assessment and conceptual model must be reviewed
throughout the life of the site.  Reviews should be undertaken at the annual review of the
monitoring plan and data required by the PPC permit, at any point of relevant change in
operation, at the four yearly review required by the Groundwater Regulations, and for
surrender. The risk assessment process is only really complete when the Agency has
accepted the surrender of the permit or waste management licence.

2.9 The Use of Models in  Risk Assessment

There are a large number of models that can be used for each of the different risk
assessment topics and at different stages of a risk assessment. It is essential to recognise
that models are tools to be used in a risk assessment and that they are not the whole risk
assessment. It has not been uncommon in the past for a LandSim model to be submitted
on its own with the intention of satisfying the hydrogeological risk assessment requirement.
GasSim models have been submitted as a landfill gas risk assessment. A model is not a
risk assessment. It has often been argued that if the Agency has “agreed” (or not objected)
to the input parameters then when the result shows an “acceptable discharge” (e.g. where
a LandSim model predictions are below the environmental benchmark) then the
assessment has definitively demonstrated that the impact is acceptable. This misses the
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important point that the limitations and assumptions in the model and the conceptual
model all have to be considered in the decision-making process.

There are a large number of models that could be used for different aspects and levels of
risk assessment. There are, however, some general points that should be considered for
all models.

• Is the model applicable for the site (the conceptual model) and the scenarios to be
considered i.e. is it fit for purpose?

• Is the model appropriate for the level of risk assessment considered?

• Are the limitations of the model clearly understood and reported?

• Has the model been validated?

• Are all the assumptions clearly stated?

• Are the key assumptions clearly identified?

• Are all input parameters justified and appropriate for the level of risk assessment i.e.
site-specific for a complex assessment?

• Has a sensitivity analysis been carried out? i.e. is the significance of changes in the
parameters clear?

• Have all relevant uncertainties been identified and appropriately addressed?

2.9.1 Model Headroom

 A paper produced by the Agency’s Air Quality Modelling and Assessment Unit a “Risk
based pragmatic approach to address model uncertainty” (Environment Agency, 2002b)
considers “model headroom”. This is a measure of how close the predicted contribution
and background levels are to the environmental benchmark (Environmental Assessment
Level (EAL) or Air Quality Standard) – see section 4.4. Where the contribution of the
emission and the existing background is close to the benchmark there is low model
headroom. Where the combination of background and the impact of the emission are far
from the benchmark then model headroom is high.

Model Headroom = (EAL – (background levels + predicted impact))/EAL (1)

This approach is directly applicable to landfill gas and particulate risk assessments. For
the hydrogeological risk assessment, it may be possible to use the “model headroom”
approach for List II substances, however it is not appropriate for List I substances since
these must be prevented from entering groundwater. The Agency’s guidance on
Hydrogeological Risk Assessments should be referred to for more information
(Environment Agency, 2003b). Model headroom can be generated by providing a
predicted impact which can be added to the known baseline concentrations and compared
to a relevant environmental quality standard as in equation (1) above. This approach may
be particularly relevant where there is a quality objective for a surface water or other water
body receptor. For air quality the predicted impact would be the maximum ground level
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concentration. Where probabilistic models have been used for the hydrogeological
assessment then the 95% confidence limit value would normally be used.

2.9.2 Model Confidence

Model confidence is an indication of the complexity of the modelled scenario (i.e. terrain
and buildings) and the quality of the input data (i.e. meteorological data). Where there is
high confidence in the model and high model headroom then there may be no need for
further modelling. Conversely low confidence and low model headroom clearly requires
more detailed modelling work.

Model confidence can be considered on the basis of how exactly the site fits into the
scenarios for which the model was developed (i.e. the complexity of the geology and
hydrogeological systems, for instance faulting) and how much confidence there is in the
input parameters. Confidence in input parameters may depend on the quality and quantity
of monitoring and on site investigation data providing an understanding of site-specific
material properties and hydrogeological behaviour.

2.9.3 Model Reporting

It is important that the limitations and applicability of all models used are understood by the
operator and that this understanding is reflected in the risk assessment report. With
respect to the reporting requirements the following should be considered.

• The limitations and applicability should be recorded

• Enough information to run commercially available models should be provided

• Electronic versions of input data should be provided

• Copies of in-house models should be supplied along with the technical specifications,
user documentation, model validation documents and appropriate benchmarking
studies

• An interpretation of results and comparison of predicted impacts to environmental
benchmarks by an appropriate person should be provided

• All input parameters and assumptions recorded and justified

• Evidence of senior QA/QC review

• A sensitivity analysis should be provided

Appendix E of H1 (Environment Agency 2003a) summarises the reporting requirements for
air dispersion modelling and the Hydrogeological risk assessment guidance (Environment
Agency 2003b) provides reporting requirements for modelling risks to groundwater.

It is always important to remember that the use of any model forms only part of the risk
assessment and the reporting must place it in the overall context of the site.



Assessment of Risks from Landfill Sites

External Consultation April 2004 Version 1.0 Page 19

3 RISK ASSESSMENT FOR POLLUTION PREVENTION AND CONTROL (PPC) AND
PLANNING

3.1 Pollution Prevention and Control

The application for a Pollution Prevention and Control (PPC) permit requires the
production of a risk assessment covering accidents and their consequences,
hydrogeological risk, landfill gas, particulate matter, stability and a Habitats Directive
assessment. No part of the assessment should be considered in isolation. If the landfill gas
assessment is passed to the operator’s gas experts, the hydrogeological assessment to
the hydrogeologists and the stability assessment to the engineers, who all separately work
on their own section then this will not adequately reflect the interactions between these
areas. It is crucial that the overall risk assessment process is based on a single conceptual
model and all the interactions between risk assessment topics are considered. Examples
of the interactions between the risk assessment topics are provided in Box 5. Section 5.2
considers further the interactions between the different risk assessment topics identified in
Section 1.2.

Box 5 – Examples of interactions between the components of the risk assessments
For cell and phase design, the aim is likely to be minimising leachate generation, but it should also produce
sufficient depths of waste to allow active gas extraction to be established as soon as possible and must
produce waste slopes that are stable. Gas fluxes are likely to be highest through waste slopes so the design
should aim to minimise the period these temporary slopes should exist.

Leachate recirculation is often briefly mentioned only in a leachate management section. However, it has
implications for gas management, as it can substantially increase gas generation rates. Leachate recirculation
also has implications for stability as it can increase the moisture content in sections of the waste mass.

Although experts will be required to consider each topic, it is vital that the individual risk
assessment topics are considered together by the operator to produce a coherent risk
assessment for the landfill as a whole. The Agency’s guidance on the design and
operation of landfill sites (Environment Agency 2004a) considers these interactions in
landfill design. Agency staff must also ensure that the separate risk assessments
submitted in support of an application are not considered separately when determining the
application.

3.1.1 Assessment of Hydrogeological Risk

The Agency’s guidance on assessing hydrogeological risk (Environment Agency, 2003b)
gives an indication of the likely level of such an assessment based on the waste types and
environmental setting and reference should be made to that guidance. The level of the
assessment will depend on the sensitivity of the site. In practice, most landfills for
hazardous and non-hazardous waste will require complex risk assessments unless they
are located in low sensitivity environments, due to the need to reduce uncertainty, and the
difficulties in obtaining adequate site-specific data. Source-pathway-receptor linkages to
water supplies identified during Risk Screening would be likely to require a complex
assessment with respect to human health. Similarly, linkages to receptors identified within
the Habitats Directive (Section 5.10) may also require a Complex Risk Assessment.
Before proceeding with a Complex Risk Assessment, a robust examination of the
probability of the hazard being realised and the potential consequences should have been
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carried out during Risk Screening (Tier 1).  Where appropriate, a Simple Risk Assessment
(Tier 2) should have been undertaken to identify the most significant risks and provide a
focus for the Complex Risk Assessment.

3.1.2 Assessment of Landfill Gas Risk

People are the primary receptors of concern with respect to the hazards associated with
landfill gas. In general, a Complex Risk Assessment employing air dispersion modelling
using appropriate models (such as AERMOD or ADMS) is likely to be required at the PPC
permitting stage for all landfills taking biodegradable waste. The Agency has produced
general guidance on air dispersion modelling (Environment Agency 2002c). A Complex
Risk Assessment for landfill gas is likely to be required for landfills for hazardous wastes.
In both cases, it is important that Risk Screening (Tier 1) and Simple Risk Assessment are
undertaken first to ensure that the Complex Risk Assessment is robust and correctly
focussed.

3.1.3 Assessment of the Risk from Particulate Matter

For the assessment of risk from particulate matter, at Risk Screening, there should be a
consideration of whether there are waste streams possessing a hazardous property,
where the physical characteristics of the waste will allow particulate generation and the
presence of human receptors. Generation from area sources as well as the waste deposit
should be considered so the phasing and restoration plans will be critical.

Risk Screening should be used to identify when a quantitative assessment is required. The
procedure for identifying risks from landfills (Environment Agency 2003e) provides
guidance on making this determination. The level of risk assessment will be dependent on
the waste types and operations proposed at the landfill. For landfills for non-hazardous
wastes, it is likely that a Simple Risk Assessment would be justified but a Complex Risk
Assessment may not be necessary. More detailed quantitative assessment would usually
be justified for particulate matter for a landfill for hazardous wastes.

The impact of the landfill on sites covered by the Habitats Directive must be assessed
(Section 7.1.7) and the particulate matter assessment must consider receptors identified
within the Habitats Directive.  Risk Screening should take account of the proximity of the
landfill to a European Site, as designated under the Habitat Regulations 1994. If the landfill
site is within 2km/5km of a European Site (Special Area of Conservation (SAC) or Special
Protection Area (SPA)) then further consideration of waste type, site controls, likely
pathways and the sensitivity of the Interest features identified within the SAC or SPA is
required. It will be necessary for the operator to provide sufficient information for the
Agency to conclude that the landfill will have no adverse effect on the integrity of any
relevant European sites and this may entail a Complex Risk Assessment.

3.1.4 Assessment of the Stability Risk

The level of complexity of the stability assessment will depend mainly upon the complexity
of the natural geology and the design of the structures within the site, rather than the
sensitivity of the setting. It is necessary for the operator to provide sufficient confidence
that stability and integrity of the structures are assured. For simple slopes without a
complex geology there may be little need for detailed assessment whereas steep slopes
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will require much more consideration. For example, Risk Screening with the provision of
evidence of an unsaturated zone beneath the base of a site may be sufficient to screen out
the need to assess basal heave. The principle is that the assessment must provide
sufficient confidence that stability is assured and the integrity of the structures within the
site will be maintained.

3.1.5 Risk Assessment of Amenity Topics

As well as the key landfill risk assessments identified above, there are a number of other
aspects that need to be dealt with in the overall consideration of risk:

• noise and vibration

• odour

• litter

• birds, vermin and insects

• mud on road

This guidance does not deal in detail with all these aspects of the overall risk assessment.
However it is worth highlighting that:

• the overall principles of risk assessment given in this guidance apply

• the same single conceptual model should be used for these assessments

• the same receptors and any relevant additional receptors should be considered

It is recommended that the proposed level of risk assessment for each amenity topic
should be discussed at the pre-application stage.

There is cross-sectoral PPC guidance and guidance produced for waste management
licensing on many of these topics and reference should be made to these. In addition to
the H1 guidance (Environment Agency, 2003a) the following documents will be of use in
assessing the risks for noise and odours.

Noise Guidance - Internal Guidance for the Regulation of Noise at Waste Management
Facilities, Environment Agency, (2002d)

IPPC H3 – Horizontal Noise Guidance Part 1 ‘Regulation and Permitting’, Environment
Agency (2002e),

IPPC H3 – Horizontal Noise Guidance Part 2 ‘Noise assessment and Control’,
Environment Agency (2002f).

Odour Guidance - Guidance for the Regulation of Odour at Waste Management Facilities,
Environment Agency, (2002g)

IPPC H4 - Horizontal Guidance for odour Part 1:  Regulation and Permitting ,Environment
Agency, (2002h)
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IPPC H4 Horizontal Guidance for odour Part 2: Assessment and Control, Environment
Agency, (2002i)

The Agency has produced a screening methodology for considering amenity risk
assessments - Procedure for identifying risks from landfills (Environment Agency 2003e).
This considers where a more detailed level of risk assessment is required.  In the past,
amenity risk assessments have often been qualitative but it is important to consider when
a quantitative assessment should be undertaken. It is not possible to be prescriptive about
when a more detailed risk assessment will be required. The key question is whether Risk
Screening provides the Agency with sufficient confidence for decision-making.

For existing sites the current performance of the risk management measures can be used
to help determine if a more detailed assessment is required. Noise or odour complaints or
incidents can indicate that a quantitative assessment (e.g. a noise survey) is required. The
absence of such complaints should not preclude a quantitative assessment. Where there
are no high sensitivity receptors, a quantitative assessment may not be required.

Release of particulate matter has been considered separately in this guidance because
this often requires more detailed quantitative assessment.

3.1.5.1 Human Health

Human health can be impacted by the amenity topics listed above. Odour experienced off
site represents a completed source-pathway-receptor linkage that can have physiological
and psychological (stress related) health effects. Odour is included within the definition of
pollution as an off site emission that “causes offence to human senses”. The impacts
identified in the amenity assessments must be considered alongside those from the key
risk assessments covered in this document. With respect to odour this is particularly
relevant to the landfill gas risk assessment.

3.2 Planning

There are a number of different stages within the planning system that may require
different levels of risk assessment. The important stages with respect to the landfill
development are:

• strategic planning

• scoping for Environmental Impact Assessments

• planning applications, including environmental statements

3.2.1 Strategic Planning

Waste plans produced for strategic planning can take a number of forms, which are
beyond the scope of this guidance. Risk Screening would normally be the appropriate level
of assessment although more detailed assessment may be required where specific sites
are to be identified in a strategic plan. This will depend upon the location of the landfill with
respect to the Agency’s Policy and Practice for the Protection of Groundwater
(Environment Agency 1998) and Landfill Directive Regulatory Guidance Note 3
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(Environment Agency 2002j), and the presence of receptors. It is possible that a Complex
Risk Assessment might be necessary prior to the inclusion of a site in the waste local plan.

If a landraise is proposed the capacity of the site will depend on the footprint but also on
the proposed slopes. A simple or complex assessment of the stability risk may therefore
be required at the strategic planning stage.

3.2.2 Environmental Impact Assessments

Applications for new landfills will almost always require an Environmental Impact
Assessment (EIA). It is important that the Agency replies to scoping opinions on EIAs to
ensure that all the relevant issues are covered in the environmental statement which
provides the risk assessment at the planning stage. Risk Screening or, sometimes, more
detailed quantitative assessment (e.g. Simple Risk Assessments) should be used to guide
development of environmental statements.

3.2.3 Planning Applications

There are some elements of a risk assessment that may require a more detailed
consideration at the planning stage to avoid compromising the regulatory position at the
permitting stage. Key issues include the location of gas flares and engines and the stack
heights. To correctly size stack heights at a particular location and ensure acceptable
ground level concentrations, a detailed air dispersion assessment may be needed. If
planning permission has set the location and stack heights on the basis of visual amenity
alone, this may compromise emission control.

The planning authority is also a competent authority under the Conservation (Natural
Habitats, & c) Regulations 1994 (referred to in this document as the Habitats Regulations),
and will therefore be required to conduct an Appropriate Assessment under Regulation 48
(1), for the landfill site planning application. As another relevant competent authority the
Agency may be required to assist in the completion of this assessment. Therefore
information for the Habitats assessment may be required to be submitted at the planning
application stage.

Where the planning application and the PPC permit application are being conducted in
parallel then the accidents, hydrogeological, landfill gas, particulate matter and stability risk
assessments produced for the permit application can be used by the Agency to consider
its response to the planning application.
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4  SOURCES, PATHWAYS AND RECEPTORS

4.1 Source Term

The conceptual model must provide an understanding of the source term. The basic
source term for landfills is the deposited waste, the properties of which may result in a
hazard by the emission of liquid, gaseous and solid substances. There are a number of
potential release points for emissions, for example the flux of gas through a waste flank,
which are often referred to as sources. This guidance considers release points as part of
the pathways not as the source (Section 4.2.1).

There is an important distinction between considering the source term for new landfills and
existing landfills and this is discussed in detail below.

4.1.1 New Sites

For a new landfill there will be no site-specific information and the source term can only be
based on:

• literature values

• information from “similar” landfills

• models (e.g. gas generation models)

This provides a key area of uncertainty. Before the site construction and operation,
conservative literature values should be used for the source term at the Risk Screening
and Simple Risk Assessment tiers to ensure that only truly insignificant risks are screened
out and not considered further.  When the site is operational, the monitoring programme
and review process must address this uncertainty and provide an understanding of the
implications of any deviations from the assumed values.

4.1.1.1 Landfill Gas

New sites will have no landfill gas composition data. The waste types must be considered
carefully to determine from the literature the potential range of trace components in the
gas stream. Data from landfills which have accepted “similar” waste types can be used
with caution to provide predictions of composition. It is not possible to accurately predict
the trace gas composition for landfills taking a wide range of waste types and this major
uncertainty must be recognised and reflected in the substances and concentrations
selected for consideration. Indicator (or surrogate) substances can be used but the
selection of substances and levels must be clearly justified (Section 4.1.6).

4.1.1.2 Leachate

For a new site, the leachate source term will be based on a number of indicator
determinands and not on actual leachate analysis. The leachate source term will have
been estimated on basis of the expected wastes, experience at similar sites and the
results from waste characterisation tests (see guidance on Hydrogeological Risk
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Assessments for Landfills and the Derivation of Groundwater Control and Trigger Levels,
Environment Agency, 2003b). The Agency is conducting research on the potential future
source term with respect to leachate composition (Environment Agency 2004b).

4.1.1.3 Future Waste Types

The requirement in Regulation 10 of the Landfill Regulations to only accept treated waste
has implications for the source term both for landfill gas and leachate. These changes in
future waste streams make predictions of gas generation and leachate quality more
uncertain. This emphasises the importance of appropriate monitoring of the source term
(Environment Agency 2003h).

4.1.2 Existing sites

4.1.2.1 Monitoring

For existing sites the source term must be quantified through representative and reliable
monitoring of the waste types accepted, the leachate quality and quantity, the landfill gas
composition and rate of generation and other associated factors such as the moisture
regime within the site. If this data does not exist then in order to support an application
further monitoring to characterise the source term will be required. As with all monitoring,
the methodologies must ensure representative results. Depending upon the age of the
site, future predictions may still be need to be based on literature values to reflect the
changes in the source term over time.

4.1.2.2 Landfill Gas

An important precursor for conducting a landfill gas risk assessment will be an
understanding of the trace gas composition (Environment Agency 2002k). It is important
that this is sampled at points within the site that will give representative results, since
different areas of the site which have been landfilled at different times and with different
waste streams may have a different gas composition. Pumping trials and monitoring within
the waste body will also provide information on the source term. Records of volumes of
gas extracted and treated are also important in understanding the source term. There are
other site-specific indicators that must be considered including leachate recirculation,
meteorological data (e.g. rainfall and recent history of atmospheric pressure) and waste
types accepted.

4.1.2.3 Use of Monitoring Data in Risk Assessment

There will normally be a body of data relating to existing sites that can be used in a variety
of ways to describe the source term in the different risk assessment tiers. For instance, in
the Risk Screening or Simple Risk Assessment tiers, maximum recorded values could be
used as conservative assumptions to determine the level of risk. In a Complex Risk
Assessment, the same data could be used in a more statistical way to develop a more
detailed understanding of the characteristics of the source term. With respect to the trace
gas composition, Simple Risk Assessment might use maximum values from limited data,
whereas a Complex Risk Assessment is likely to need a better statistical basis
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(Environment Agency 2002m) and therefore more data (the issue of correctly collecting
trace gas data is a vitally important one, Environment Agency 2004c).

Where indicator substances are selected for the risk assessment they should reflect the
actual leachate or gas composition (and their hazardous properties) at the site.

4.1.3 Waste Types

Whatever the level of the risk assessment, the landfilled waste must be well understood,
as this is the basis for the hazard from the landfill. The mix of waste types (and the site-
specifics of the landfill) will determine the quality and quantity of the leachate and landfill
gas source term and as such are a vital consideration in identifying the landfill hazards.
For a new site, a detailed consideration of each waste type proposed will be required. For
an existing site, consideration of records of the wastes accepted will be required.

Each individual waste stream should be considered in the assessment. It may be possible
to group these into categories of wastes that present similar hazards so long as this is fully
justified.  Where there may be particular contaminant concentrations in a waste stream this
should be identified. This will be of relevance to non-hazardous wastes with concentrations
of substances below the levels necessary to make the waste hazardous as well as to
hazardous wastes. All potentially incompatible wastes must be identified. Changes in
waste types will require a review of the risk assessments and the relevant areas for this
should be highlighted. Section 6.1.2 considers the risk assessment reporting requirements
for waste types. However it should be recognised that accurate prediction of contaminant
concentrations in leachate based on the wastes deposited is not possible (Knox et al,
2000).

4.1.3.1 Waste Acceptance Ratios

Waste acceptance ratios will be used in most landfills for non-hazardous wastes to ensure
that the mix of waste types will produce a leachate within the normal range of predicted
constituents. Limiting the ratios of different waste types has been a commonly used
method of preventing an unacceptable concentration of contaminants within the leachate.
Waste acceptance ratios are therefore an important risk management measure relevant
across a number of risk assessments.

Box 6 - An example of a change in waste acceptance ratios
A review of the stability risk assessment would be required where an operator wishes to vary the waste
acceptance ratio for sludges in the PPC permit. At most landfills the range of particle sizes in the waste is very
large however future pre-treated wastes may have a narrower range of particle sizes. Any such changes in the
nature of the wastes to be accepted must be reflected in a revised assessment which must feed into
operational plans such as phasing plans.
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4.1.4 Source Term - Accidents

The assessment should identify the hazards to the environment posed by the landfill
installation. The following are examples of hazards that should be considered:

• release of leachate:

- overfilling of tanks / lagoons;
- failure of plant and/or equipment (e.g. pipework failures, blocked drains);
- failure of engineered containment;
- failure to contain firewater;
- making the wrong connections in drains or other systems;
- failure of valves or couplings;
- failure of leachate extraction systems leading to elevated heads;
- discharge of an effluent before adequate checking of its composition has taken place;
- waste slippage;
- vandalism of liners, pumps and equipment etc.;

• release of landfill gas:

- failure of gas collection system;
- failure of flares or engines;
- waste slippage;
- vandalism;

• fire and explosion:

- failure of waste acceptance procedures i.e. incompatible substances coming into
contact;

- failure of landfill gas extraction systems/controls;
- vandalism:

• escape of waste.

The hazard identification stage (Figure 2.1) is the key stage in the consideration of
accidents and their consequences. The consideration has to be detailed and site-specific.

The consideration of hazards should be on the basis of the proposed risk management
measures. What is not wanted is an assessment that, for example, identifies overfilling a
leachate tank as a hazard and then proposes a filling procedure and monitoring to reduce
the likelihood of occurrence. A landfill operator may have conducted a number of iterations
of the risk assessment to arrive at the proposed risk management measures but the
Agency will base its regulatory decisions on what is actually proposed. The risk
assessment should consider the failure of the proposed or existing safeguards.

4.1.5 Source Term -  Hydrogeological Risk

The hazard from leachate is primarily based on the contaminant concentrations. There has
been a substantial amount of research on leachate composition (Department of the
Environment 1995, Environment Agency 1997) as well as routine leachate monitoring at
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licensed sites and the hazard from landfill leachate is generally well understood. Future
changes to the waste types may change this current understanding of the hydrogeological
source term. Leaching limit values are a key waste acceptance criteria for landfills for
hazardous and inert wastes.  It may be possible to make assumptions on the source term
based on the leaching limit values for inert sites (Section 4.1.9) and for landfills for
hazardous wastes.

4.1.5.1 Decline in Leachate Contaminant Concentration

For most biodegradable landfills the application will consider the decline over time of the
concentration of contaminants in the leachate. This is commonly described as a “declining
source term” and is considered in models such as LandSim (Environment Agency, 2003d).
The improvement in leachate quality with time is an important consideration in
understanding the long-term risk. At the application stage, all that can be produced is a
prediction of the decline in contaminant concentration. The risk assessment can provide
an estimate of how long the management systems would need to be sustained in order to
prevent the risk of pollution. The value of the declining source term is an initial prediction of
the time that the landfill is likely to pose a pollution risk. This should be refined throughout
the lifetime of the site.

4.1.6 Source term - Landfill Gas

Landfill gas should be taken to mean any gas produced by a landfill. For sites taking
biodegradable wastes, this will be the familiar bulk constituents of methane and carbon
dioxide and a wide range of trace constituents. Landfills taking only inorganic wastes will
not produce the same type of landfill gas.  This is of particular relevance to landfills for
hazardous waste and landfills for non-hazardous wastes (or separate cells within those
sites) taking non-biodegradable wastes.

4.1.6.1 Landfill Gas Hazards

The basic hazards that may exist from landfill gas are:

• odour;

• toxicity (including carcinogenic, mutagenic and toxic to reproduction) acute and
chronic;

• explosion;

• asphyxiation;

• global warming.

It is the trace components of landfill gas that pose an odour and toxicity risk and the bulk
gases that pose a risk due to explosion and asphyxiation (although carbon dioxide is also
toxic). Trace concentrations and composition vary widely from site to site. The gas from
some landfills possesses a greater hazard than that from others. Explosion and
asphyxiation hazards are generally related to sub surface migration and accumulations of
gas in enclosed spaces.
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4.1.6.2 Gas Generation Rates

Landfill gas generation will alter with time. The rate of landfill gas generation will change as
will the composition of the constituent gases. Gas combustion will peak after a number of
years and utilisation will often not begin until a few years after waste deposit commences.
Different areas of the site will be producing different compositions and volumes of gas
depending on when and how the waste was deposited.

Consideration of the source term (for example, at the application stage for a PPC permit)
will provide estimates of the gas generation potential and a time profile developed. At Risk
Screening, an initial gas generation profile for the site should be produced. There are a
number of factors that influence the gas generation and collection efficiencies and there
are a variety of models that can be employed for predicting rates of gas production, for
example GasSim (Environment Agency, 2002a). Gas generation models are likely to be
used for all biodegradable landfills as part of the conceptual model development and to
inform Simple and Complex Risk Assessments. As with all models the uncertainties in
these predictions must be recognised. These models are generally indicative of the order
of magnitude of the gas production and it is vital that during the operational and aftercare
phases information is gathered on the actual gas produced. This will mean keeping
records on, for example, gas volumes collected and any fluxes from the site. As well as the
actual volumes generated, it is vital to ensure that the assumptions made in any gas
generation predictions are critically evaluated through the monitoring and review process.

When looking at variations in emission rates of landfill gas for different areas of the site, it
will be important to link this to the presence of pathways (i.e. for subsurface migration) and
receptors. In addition to the concentration of landfill gas that is being produced by the
biodegrading waste, the rate of gas flowing through the surrounding ground is important.
However, it should be noted that very low gas flow rates over a prolonged period of time
can result in the same build up of an explosive or asphyxiating mixture of landfill gas in
confined spaces as that for higher flux rates.  Therefore, gas flow rate figures have to be
viewed in the light of the pathway-receptor linkages.

4.1.6.3 Trace Gases

Comparison of trace gas composition against environmental benchmarks (see Section 4.4)
can indicate which substances are likely to pose the greatest risk. This prioritisation
process should be used to determine which substances to consider in a quantified
assessment and at what level of complexity this quantification should take place i.e. what
level of risk assessment is required (Section 2.4). Additional information on important
landfill gas trace components for consideration is provided in Agency guidance
(Environment Agency 2004c). In the hydrogeological risk assessment, indicator
substances are used to consider the impact. It is considered less appropriate to do this for
trace gasses since additive impacts may need to be considered. All substances which are
not screened out should be considered in the assessment and assessed against an
environmental benchmark (or other suitable criteria). One possible alternative approach is
to consider a conservative situation where all non-methane volatile organic compounds
are taken to be one of the most harmful substances for example benzene.
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4.1.6.4 Combustion Products

The substances that are emitted following combustion will depend upon the composition of
the gas and the operating conditions under which the gas is burnt. For instance, where the
gas contains hydrogen sulphide the emissions would include sulphur dioxide. Substances
are converted during combustion; they cannot be lost. If the emission standards given in
Agency guidance (Environment Agency 2004d and 2004e) cannot be met using best
combustion practice, then generally gas clean up will be required pre or post combustion
(Environment Agency 2004f).

4.1.7 Source Term – Particulate Matter

Particulate matter can contain hazardous substances and possess hazardous physical
properties. Landfills are comparable to major earthworks or quarrying developments in that
there are heavy plant and other traffic movements, areas of exposed soils, unsurfaced site
roads and so on (Section 4.2.1). An additional concern with landfills is any dust that may
be generated either directly from the waste or via processes within the waste i.e.
bioaerosols.

The hazardous substances present are likely to be related to the waste types accepted at
the landfill. The selection in the risk assessment of particulate substances with hazardous
properties will therefore depend primarily upon the waste streams accepted or proposed
for acceptance at the landfill. Each waste stream should be considered on the basis of the
composition and characteristics (i.e. particle size, moisture content etc.). A list should be
produced for the possible substances that should be considered in the quantitative
particulate risk assessment. Comparison of maximum concentrations in the waste with
environmental benchmarks will help prioritise the substances for consideration and provide
a link to quantitative monitoring.

Determining the source term for particulate matter such as bioaerosols will be a challenge
for the operator.  In the absence of site-specific data literature values for emissions should
be sought.

4.1.8 Source Term - Stability

Stability is slightly different from the other areas of risk assessment in that the risk
assessment process for stability will largely concentrate on the source term and the risk
management measures that are to be put into place. When assessing the stability and
integrity of structures, consideration must also be given to the source-pathway-receptor
linkages to determine the impact at the receptors at risk from any potential failures.

4.1.9 Inert Sites

Landfills which have only accepted - or will only accept - inert waste as defined by the
Landfill Regulations (Regulation 7(4)) cannot produce polluting leachate and landfill gas.
For the majority of the risk assessments considered here, these inert landfills would not
present a hazard (though stability and nuisance dust must be addressed). An assessment
of the impact of a landfill for inert waste under normal operations will therefore almost
inevitably result in an acceptable impact. However, one of the principal environmental risks
from inert waste landfills arises from inadvertent deposit of wastes that are not in fact inert.
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Landfills for inert waste are often proposed in more environmentally sensitive locations and
hence the acceptance of waste contaminated with potentially polluting substances can
pose a significant environmental risk.  Additionally, inert waste landfill proposals often
involve minimal levels of engineering.  In many cases reliance is placed on waste
acceptance procedures as the principal risk management measure.  In some instances, it
is possible that the risk assessment may indicate a need for a higher degree of site
engineering.

The likelihood of acceptance of non-inert wastes at a particular site will depend on a
number of factors including:

• how well characterised the waste is

• the degree of heterogeneity of the waste

• whether the site is to accept waste from a single, pre-identified source or
from numerous sources

• the waste acceptance procedures

The significance of the risk will depend upon:

• the environmental sensitivity of the landfill’s setting

• the engineering measures i.e. an artificially established geological barrier

Requiring an assessment of the possible risk posed by inadvertent deposit of non-inert
wastes does not imply that landfill operators will deliberately breach permit conditions.
Instead, the need to consider this eventuality should be seen as essential to carrying out a
comprehensive and realistic risk assessment.

4.1.9.1 Stability

Due to the nature of the waste in an inert landfill, settlement and consolidation will be
considerably less than in a biodegradable landfill. Stability is still an important issue and
the final landform and phase slopes must be designed to be stable over the short, medium
and long term. One important change that has been made by the Landfill Regulations is
the absolute requirement for a geological barrier to provide attenuation capacity (Schedule
2 paragraph 3 (4)). There is no requirement to collect leachate at an inert landfill and the
design and stability assessment must consider any potential build up of water within the
waste body.

4.1.9.2 Hydrogeological Assessment

The Landfill Regulations require that an inert landfill site has a geological barrier along its
base and sides.  Paragraph 3 (4) of Schedule 2 to the Landfill Regulations effectively sets
a default standard for such a geological barrier. This standard is for a mineral layer that
provides a degree of protection of groundwater, soil and surface water that is at least
equivalent to that resulting from a mineral layer with a permeability of less than or equal to
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10-7m/s and a thickness of greater than or equal to one metre.  The barrier must also
provide sufficient attenuation capacity to prevent potential risk to soil and groundwater.
Additionally, the Regulations allow for artificial completion or reinforcement of the
geological barrier but require that in such cases the barrier is al least 0.5 metres thick.
Consideration can be given to the use of suitable waste streams entering the site to
enhance or establish a geological barrier if the natural materials around the site are not
suitable.  When artificially establishing a geological barrier using suitable waste inputs, the
design of the attenuation layer can take into account different combinations of thickness
and permeability in order to provide the necessary attenuation capacity.

The Regulations allow a reduction in the above standard if a hydrogeological risk
assessment indicates that the landfill poses no potential hazard to groundwater, soil or
surface water.  Any risk assessment seeking to justify such a reduction should concentrate
on the potential consequences of emissions i.e. it should reflect the sensitivity of the
environmental setting.

The first step in determining the risk from an inert landfill should be a consideration of the
sensitivity of the location; this should initially comprise a Risk Screening assessment that
should consider all relevant pathways and receptors (Environment Agency 2003b).
Consideration of pathways should take account of, for instance, likely unsaturated zone
travel times; the potential for attenuation including the natural and/or artificially established
geological barrier; travel times in the saturated zone; and levels of dilution to receptors and
monitoring boreholes. The sensitivity of the receptors to contamination, including the
consequences of contamination, should also be considered. If consideration of the
receptors and the pathways, in particular the travel times, indicates a low sensitivity setting
then further risk assessment effort may not be needed.

Where consideration of the setting indicates a sensitive location then further, more detailed
assessment should be undertaken, initially a Simple Risk Assessment. The potential
source term for an inert landfill can be assessed in a number of ways. This could include
back calculating using the methodology for the derivation of remedial targets for soil and
groundwater to protect water resources (Environment Agency 1999). This would give an
indication of the leachable contaminant levels that would potentially be of concern. The
leachate source term could be based on literature leaching values for contaminated soils.
It would also be possible to initially consider the leachate quality at the levels of the waste
acceptance leaching criteria for inert waste landfills then run further scenarios with
increasingly greater levels of leachate contamination. This could provide an understanding
of the source term that would have to be present to cause pollution. Where the site is
operated in phases/cells the assessment could potentially consider a contaminated
leachate in just one area of the landfill.

4.1.9.3 Landfill Gas Assessment

A qualitative Risk Screening approach to the source term for landfill gas at an inert landfill
would normally be appropriate. This should be a similar approach to that described above
for the hydrogeological risk. The assessment would normally be limited to a Risk
Screening involving the consideration of the consequences of a risk being realised
including the sensitivity of receptors. This is intended to ensure that the source term is
evaluated at a level reflecting the sensitivity of the site. Further more detailed risk
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assessment might then be required, although the extent of any further assessment should
be proportional to the risk identified. If there are receptors of sufficient sensitivity to justify
it, migration monitoring along the pathway would be required, in addition to the monitoring
within the waste, to ensure that a pollutant linkage does not arise undetected.

4.2 Pathways

Having identified the sources, the conceptual model must identify all the site-specific
pathways along which any emissions may potentially travel. There are two basic pathways
considered in this guidance for substances emitted from a landfill.

• Airborne

• Subsurface

There are other important pathways such as surface outbreaks or spillages of leachate
and for mud on the road but the two basic pathways above represent the majority of the
concerns for the risk assessments considered in detail here.  Surface run-off should be
dealt with mainly through the consideration of accidents (see Section 4.1.4).

4.2.1 Release Points

The pathway includes the release point that represents the start of the pathway. Even
though a subsurface release may subsequently become an aerial release (e.g. landfill gas)
the initial release point from the landfill needs to be considered. A list of potential release
points is given in Box 7. This list is not exhaustive and other site-specific examples will
exist.

Box 7 - Potential Release Points
Airborne Subsurface
Leakage from landfill gas extraction system
e.g. pipework, well heads, valves

Leachate leakage through the basal and side
wall containment engineering

Emissions from gas combustion stacks e.g.
gas engines and flare stacks

Side wall liner leakage of gas

Gas emissions from capped areas,
intermediate capped areas, waste surfaces,
flanks, tipping faces

Gas dissolution from the leachate following
leakage

Particulate matter emissions from landfill
surfaces, tipping faces, roads

4.2.2 Processes within the Pathway

Movement through a pathway often changes the concentration of a substance from that
emitted. This will be true where attenuation and dilution processes occur as leachate
moves through the unsaturated and saturated zones and for aerial dispersion of landfill
gas. The movement of gas through the ground or following dissolution from leachate can
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change the composition and concentration of the emitted substances. Describing and
understanding these processes in the pathways will form an important part of a risk
assessment.

Historically, most attention has been focussed on the subsurface pathways and these are
most important for leachate movement and the subsurface movement of landfill gas that
can lead to explosion or asphyxiation. Dispersion in ambient air also requires an equal
emphasis; stack heights, meteorological data and topography are important elements of
this pathway.

4.2.3 Level of Detail in Understanding the Pathways

The level of detail required in understanding the pathways will depend on the level of the
risk assessment. In Risk Screening and Simple Assessments, it may be sufficient to have
a basic understanding of the pathways since conservative assumptions are likely to be
made. In a Simple Risk Assessment, it may be sufficient to assume that there is a direct
source-pathway-receptor linkage without having a detailed understanding of the actual
pathway. For instance, it might be assumed that there is no geological faulting and a direct
hydrogeological pathway exists to a receptor. If such an assessment were to indicate that
the impacts were not acceptable then the understanding of the pathway would need to be
refined to assess whether the initial assumption was over conservative. The site
investigation requirements for a Simple Risk Assessment must be sufficient to establish
the basic geology and hydrogeology. If justifiable, conservative assumptions lead to an
assessment that the risk is acceptable, more detailed assessment would not be required.

With respect to air dispersion, a Complex Risk Assessment is likely to require greater
detail for topography than that required for a Simple Risk Assessment. For example,
consideration of terrain may not be needed to conduct a Simple Risk Assessment whereas
a more detailed modelling study is likely to consider the influence of buildings and terrain.

As well as the pathways through the environment the release points for the landfill will be
an important part of understanding the landfill. For Risk Screening a general
understanding of release points would be sufficient. Simple Risk Assessments using
conservative parameters might select a plausible worst case set of release points. For a
Complex Risk Assessment the site-specific release points would need to be identified and
understood. Releases from area sources, such as gas releases from an uncapped phase
or flank may need to be dealt with in more site-specific detail in a Complex Risk
Assessment.

4.2.4 Monitoring

One key outcome from the consideration of the pathways should be the identification of
monitoring locations. This should relate to the release points that represent the start of the
pathway (e.g. monitoring of gas collection pipework) and to key points along the remainder
of the pathways towards the receptors. It should be noted that the location of monitoring
points will normally be based on a mixture of risk assessment and best practice. For
instance, best practice requires boreholes for monitoring subsurface gas migration at
intervals around the site even if there is no apparent source-pathway-receptor linkage
(Environment Agency 2004g). Similarly for groundwater, two downstream monitoring
boreholes are required as a minimum however the majority of landfills will require more
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than this due to the complexity of sub-surface flow. It is the understanding of the pathways
that will dictate the number and location of boreholes for the downstream monitoring
regime (see Environment Agency 2003h for more information).

4.3 Receptors

All the site-specific receptors must be identified in the conceptual model. There are a
number of potential receptors that need to be considered with respect to landfill sites. The
generic categories are listed below:

• humans

• flora

• fauna

• air

• water

• land

• buildings/structures

A number of subdivisions within these basic categories should be considered in the risk
assessment and examples of these are listed below. It is worth noting that groundwater
can be considered as both a receptor and a pathway. Although humans are the basic
receptor at a house, hospital or footpath, for the purpose of the site-specific risk
assessment the following list represents the types of receptor that should be considered:

• domestic dwellings (human occupation closer than 50m, between 50 and 250m,
between 250 and 500m and beyond 500m)

• hospitals

• schools and colleges

• sensitive habitats and environmental areas e.g. SSSIs within 2 km, European sites
(Special Area of Conservation (SAC) / Special Protection Area (SPA)) within 2km/5km

• offices, industrial units and commercial premises

• public footpaths or bridleways

• major highways and minor roads

• playing fields

• open spaces, parks and farmland

• allotments

• on site vegetation

• Air Quality Management Areas
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• groundwater (including potential use of currently unused resources)

• groundwater fed discharges, springs, and river baseflow

• surface water

• public water supplies and other licensed abstractions (including source protection
zones)

• licence exempt private water supplies

4.3.1 Exposure routes

Many of the listed receptors reflect different exposure routes to the same basic receptor
i.e. people. Health risk assessments can include very detailed considerations of exposure
routes and dosages. When considering the overall impact from the landfill these different
potential exposure routes must be considered (Section 7.2.2).

It will be necessary to consider the nature of the risk at each receptor. There may be some
instances when the same people are receptors for more than one source via more than
one pathway. For instance a person living in one of the houses may walk regularly on a
footpath next to the site and eat produce from an allotment.

4.3.2 Short and Long Term Exposure

One key consideration is whether the exposure at a receptor is long or short term. The
site-specific receptors should be considered to determine over what time periods people
may potentially be present to be exposed to an emission. Guidance to Local Authorities on
air quality management (DEFRA, 2003) considers the locations with respect to Air Quality
Strategy (AQS) Objectives. The objectives apply where members of the public are likely to
be exposed over the averaging period of the objective. This principle can reasonably be
applied to substances not covered by the objectives to provide a basis for the selection of
appropriate environmental benchmarks. Section 4.4 considers the short and long term
environmental benchmarks against which an emission may be compared.

4.3.3 Future Changes in Receptors

There may be a potential change in land use around the landfill that is known at time of a
PPC application. For instance, where there is a planning permission in place, or where an
area has been designated for a particular use. In these circumstances although the land
may not yet contain the receptor in question it may be appropriate to consider the potential
receptor in the risk assessment.

4.3.4 Grouping Receptors

It may be useful to group receptors together where the risks are likely to be similar e.g. a
particular street or small group of houses. Section 6.1.3 considers the reporting
requirements with respect to receptors.
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4.3.5 Distance to Receptors

There should be no automatic cut off distance outside which a receptor should not be
considered. It is possible that a receptor at 550m may be subject to higher concentrations
of substances than a receptor at 450m. An airborne emission could have an impact a long
way from the landfill depending on the pathways (i.e. topography and meteorological
conditions). Similarly a leachate plume could have an impact a considerable distance from
the landfill depending upon the pathways and receptors. Risk Screening can be used to
exclude receptors where it can be demonstrated that the impact is not significant.

4.3.6 Habitat Receptors

Risk Screening should take account of the proximity of the landfill to a relevant receptor. If
the landfill site is within 2km/5km of a European Site - (SAC) or (SPA) - then further
consideration of waste type, site controls, likely pathways and the sensitivity of the Interest
features identified within the SAC or SPA is required. It will be necessary for the operator
to provide sufficient information for the Agency to conclude that the landfill will have no
adverse effect on the integrity of any relevant European sites. Further assistance
identifying relevant receptors is provided within Appendix 6 of the Habitats Directive
Handbook. The sensitivity of specific types of Flora and Fauna protected within the
European sites to landfill hazards is provided within Table 1 of that document
(Environment Agency 2003i).

4.4 Environmental Benchmarks

It is important to determine the level of an emission from a landfill that would constitute
pollution. All landfills have the potential to emit substances (even an inert landfill will emit
some particulate matter), but what level can be considered not to be harmful? This is
essentially defining what constitutes pollution e.g. what may constitute an unacceptable
impact. Environmental benchmarks need to be selected to allow a comparison of the level
of an emitted substance at a receptor (or compliance point) against relevant
standards/criteria. For a quantified risk assessment the potential impact of an emission is
evaluated through comparison against these appropriate standards in order to assess the
significance of the impact and allow a decision to be made on whether the impact of the
landfill on air or water quality may be acceptable.

The Agency guidance on Environmental Assessment and Appraisal of BAT H1
(Environment Agency 2003a) is essentially intended as a screening tool which indicates
where an emission requires further assessment such as modelling the impacts of
emissions to air. The basic principle being that if an impact is insignificant in comparison to
the environmental benchmark then no further quantification is required.

The H1 guidance suggests screening out insignificant emissions to air where the predicted
impact of an emission is:

• less than 1% of the long term environmental benchmarks; and/or

• less than 10% of the short term environmental benchmarks.
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Where the emission is very low in comparison to the environmental benchmark then this
can also be used to screen out insignificant emissions. For instance, if the concentration of
a particular contaminant in the leachate is much less than the relevant environmental
benchmark at the receptors, then after taking into account the uncertainty associated with
the contaminant concentration it may be concluded that there is unlikely to be a significant
risk associated with that contaminant.

Comparison against environmental benchmarks can also be used to prioritise the risks that
need further consideration. For example substances are considered as percentages of
their environmental benchmarks then the percentages can be compared to help prioritise
the risks and concentrate the risk assessment effort. Similarly the comparison of predicted
impacts against environmental benchmarks at the receptors could give a prioritisation of
receptors. Further more detailed assessment may refine or change this prioritisation of the
receptors. For instance, the output from a new generation air dispersion model may
indicate which receptors are likely to be most at risk (exposed to the maximum ground
level concentrations) from aerial emissions.

It is necessary to identify the most appropriate air and water quality standards for each
site-specific receptor and compliance point. It should be noted that the national air quality
objectives apply to any outdoor locations where the public is regularly present.
Environmental benchmarks can be developed by considering existing environmental
quality standards and other potential sources of relevant criteria. To set environmental
benchmarks it will be necessary to consider:

• which emitted substances should be allocated an environmental benchmark for
assessment

• what concentrations/criteria are appropriate

• what is the appropriate time period e.g. short or long-term, 8 hour or 15 minute
average, hourly or annual means etc.

• The location at which the environmental benchmark will be assessed (this will be linked
to monitoring locations and receptors)

Each point above should be explicitly addressed and justified.

4.4.1 Selection of Substances

Not every possible constituent of an emission need have an environmental benchmark
selected. For existing sites knowledge of leachate, gas and dust composition can inform
the choice of substances for which an environmental benchmark should be set. A limited
number of indicator substances can be used in the risk assessment and it is these that
should normally be assigned environmental benchmarks. The guidance on
hydrogeological risk assessment (Environment Agency, 2003b) gives examples of the
types of substances that could be used as indicator substances to limit the amount of
modelling required. It is important that the choice of indicator substances represents the
range of substances potentially emitted from the site (Section 4.1.6). As monitoring and
analysis takes place through the life of the site the appropriate substances to consider may
change and this would form part of the review process.
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4.4.2 Selection of Values

The IPPC H1 Horizontal Guidance Note  (2003a) uses environmental benchmarks as an
indicator of a degree of environmental impact that can be considered acceptable for a
particular substance to a receptor or environmental medium. Environmental Quality
Standards (EQS) are prescribed for certain substances and are used to define the upper
bound of a concentration of substance in the environment that is considered tolerable.

At present, statutory EQS exist only for a limited number of substances.  However, the
Agency has derived provisional benchmarks for substances released to each
environmental medium from a variety of published UK and international sources.  These
are known as “Environmental Assessment Levels” (EALs).

For some substances with persistent, bioaccumulative or highly toxic effects, it is difficult to
establish thresholds below which it could be considered “no harm” takes place. In these
cases, the landfill operator should take a more precautionary approach to the prevention
and control of the substance, and the substances should be given greater priority when
considering the relative environmental risk between options.  Further advice should be
sought from the Agency regarding the scope and detail of risk assessment for these
substances.

4.4.3 Values at Different Tiers of Risk Assessment

There may be differences in environmental benchmark selection and use depending on
the level of risk assessment. For Simple Risk Assessment, selection of the most stringent
value for environmental benchmarks for each media should be made without too much
consideration as to specific receptors. Complex Risk Assessments considering the
potential impact on human receptors may have to consider the sensitivity of the receptor in
greater detail to develop environmental benchmarks using methods such as tolerable daily
intake or other methods of developing health criteria values.

4.4.4 Hydrogeological Risk Assessment

The guidance on hydrogeological risk assessment (Environment Agency 2003a) provides
environmental quality standards from which groundwater EALs can be derived. Unlike the
air quality EALs, the hydrogeological risk assessment guidance includes consideration of
baseline conditions in the selection of EALs

4.4.5 Landfill Gas

For toxicity risks both from landfill gas and its combustion products, the air quality EALs
given in H1 (Environment Agency 2003a) should be used although for a Complex Risk
Assessment of human health impact, further consideration of appropriate standards may
be required. For odour, H4 (Environment Agency 2002h) provides guidance on odour
thresholds.

Explosion and asphyxiation EALs are not considered in H1. The Guidance on the
Management of Landfill Gas (Environment Agency 2004g) gives guidance on setting levels
in external gas monitoring boreholes for assessment and compliance purposes. For
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explosion and asphyxiation these are based on 1% v/v Methane and 1.5% v/v Carbon
Dioxide and a consideration of the site-specific background. These levels should be used
as benchmarks for comparison against predicted impacts.

4.4.6 Particulate Matter

The particulate matter criteria appropriate for use at waste management facilities, including
landfills, is considered in guidance on the monitoring of particulate matter in ambient air
around waste facilities, M17 (Environment Agency, 2003f). M17 considers the categories
of particulate matter to be taken into account in any assessment, the air quality criteria that
exist for different types of suspended particulate matter around waste facilities and how to
choose the most appropriate air quality criterion for a waste facility.

“Nuisance” dust is not dealt with in detail here, landfills can reasonably be expected to
meet the same “nuisance “ dust standards as other developments. M17 provides guidance
for assessing nuisance dust around waste facilities. EQS for PM10 particles are available
from Air Quality standards which are reproduced in the H1 guidance (Environment Agency
2003a). Where EALs are not found in H1 or M17 for the substances selected then
methods such as using the tolerable daily intake should be used to determine an
environmental benchmark.  Operators should discuss any proposed approach with the
Agency before proceeding.

4.5 Background Environmental Quality

Background information is required to determine the sensitivity of the receptors, for
example, through issues such as model headroom (Section 2.9.1). This background data
requirement will generally be the same for all levels of risk assessment though the level of
interpretation of the data may vary.

For groundwater and surface water receptors, at both new and existing sites monitoring of
the potential receptors must have been undertaken, so this background data must be
available. Background monitoring for groundwater, surface water and soil gas is accepted
practice at landfills. Routine aerial monitoring is not yet standard practice and such
monitoring programmes will need to be developed using a risk based approach.
Background information on air quality is available from a variety of sources (Department
for Environment, Food and Rural Affairs 2003).

4.5.1 Characterisation of the Background

One of the often asked questions for new landfills is how long a background monitoring
period is required. This is not the correct question to ask. The background monitoring must
provide an understanding of the landfill’s environmental setting whether this is for
groundwater or ground gas levels. The question that operators should be asking is, can
the background monitoring provide confidence that the environmental setting is
understood to a sufficient level?

4.5.2 Groundwater
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Groundwater monitoring over a period of twelve months is often mentioned since this will
at least give a chance of observing seasonal trends. One year is insufficient to understand
how the hydrogeology reacts to differing patterns of rainfall over the period of time that a
landfill will pose a potential risk. In some circumstances such detailed long-term
understanding may not be necessary. For example a landfill for non-hazardous waste
where the groundwater is 100m below the base of the landfill with a substantial geological
barrier will not need the same level of confidence as a landfill for non-hazardous wastes
where the base of the landfill is 2m above the groundwater level. In the first case, only a
limited amount of monitoring would be required to provide sufficient confidence in
understanding of the groundwater. The second case would require a much greater
understanding of the hydrogeological regime, which may require monitoring over a
prolonged period.

4.5.3 Stability

The flow regime within the unsaturated zone and the rock units surrounding the site needs
to be established to enable the stability of the slopes to be accurately assessed. This
should consider the location of any seepage and the quantity of head build up that is likely
to occur following those slopes being confined. This assessment should be carried out
during conditions of high rainfall, to enable worst case conditions to be identified.

4.5.4 Soil Gas

It is essential to have an understanding of the background gas conditions. Monitoring of
subsurface gas at the landfill must be sufficient to understand the levels and importantly
the composition of the background gas. Trace gas analysis must be undertaken, sufficient
to characterise the gas. The level of analysis required would be site-specific, but for all
sites that have the potential to produce methane and carbon dioxide, the baseline gas
composition should be sufficiently well understood to allow a comparison with future gas
analysis. This must ensure that a distinction can always be made between gas originating
from the landfill and the baseline gas.
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5 RISK ASSESSMENT SCENARIOS

5.1 Planned and unplanned occurrences

Operations within landfill sites can be broadly characterised in three categories.

• Normal - including the inevitable degradation of engineering controls and management
systems and planned maintenance, for example periodic shut downs of gas treatment
plant for routine maintenance etc

• Abnormal - unplanned but foreseeable. Including for example unplanned shut downs of
gas treatment plant and breakdowns of equipment such as leachate pumps

• Accidents

It is important to recognise that normal operations includes the predictable degradation of
management and engineering systems such as leachate management measures
including the artificial sealing liner and capping systems. LandSim 2.5 (Environment
Agency 2003d) considers the degradation of management systems with respect to the
hydrogeological risk assessment. The assessment of normal operations must therefore
deal with the inevitable degradation over time of both management and engineering
structures.

5.2 Risk Assessment Interactions

There are important inter-relationships between the different risk assessments and this
must be reflected in the scenarios selected. For instance, the stability assessment of a
waste slope would need to include leachate recirculation proposals. Leachate heads are
also an important issue for stability and for landfill gas. It is important that these inter-
relationships, illustrated in Table 5.1 be recognised and recorded as assumptions in the
risk assessment. When circumstances deviate from the agreed risk assessment
assumptions, for instance a leachate management problem (e.g. elevated heads above a
permitted 1 metre) this must trigger a review of the stability and landfill gas assessment.

Whereas for the landfill gas and hydrogeological risk assessments there will be emissions
that do not constitute pollution, in general for stability the structure either fails or it does
not. An appropriate factor of safety must be selected that reflects the consequences of the
failure. For instance where the consequences of a side wall liner failure would be to
remove a barrier to a subsurface pathway to a sensitive receptor such as gas migration to
a cellar, then the design should include a higher factor of safety. It is worth noting that
without active extraction, engineered barriers cannot entirely break the pathway for gas
migration.
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Table 5.1 An illustration of risk assessment interactions.
Interactions Hydrogeological Landfill Gas Particulate Stability
Change in waste types ü ü ü ü
Waste acceptance ratios ü ü ü ü
Leachate recirculation ü ü ü
Leachate heads ü ü ü
Capping system ü ü ü
Lining within the waste body ü ü ü
Surface and groundwater management ü ü ü
Phasing and cell design ü ü ü ü
Timing of capping and restoration ü ü ü ü
Basal and side wall liner designs ü ü ü

5.3 General Requirements for Risk Assessment Scenarios

Landfills change significantly over time. These changes are associated with the
progressive landfilling of waste, the physical, chemical and biological processes within the
waste and degradation of risk management systems. It is important that the different
stages of the landfill are reflected in the conceptual model and the risk assessment
scenarios. For instance in the past, some waste management licence applications have
not considered the impact of flare emissions because at the point of application the
applicants were not sure when or how much gas they would be flaring. It would not be
possible to permit a new landfill without evaluating the impact of flaring and future gas
utilisation. The risk assessment scenarios must satisfy the following.

• The assessment must consider the risk over the whole life cycle of the landfill

• Different time scenarios must be considered in the risk assessment e.g. including the
phasing and development plan, the operational phase as a whole; short term post
closure and long term post closure etc

• The risk assessment must be conducted for the whole installation

• The interactions with other areas of risk must be considered

• The three categories of operations (normal, abnormal and accidents) must be reflected

The assessment of the risks posed by a landfill site should be conducted to cover the
entire life cycle of the landfill. Landfill sites can present a hazard for very long periods of
time and the assessment cannot be restricted to the short term operational life of the site.
The risk assessment must cover the time until the landfill no longer poses an unacceptable
risk to the environment. This means looking at the stabilisation processes within the waste
and the degradation of any artificial engineering or other structures/processes which are
used to manage the environmental risk.

Determining the scenarios that should be considered in the risk assessment is an
important stage in the process and one that should be undertaken at the Problem
Formulation stage (Section 2.3). Guidance on selecting scenarios is given in the following
sections.
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5.4 Accident Scenarios

There are some accident hazards which should be dealt with under the hydrogeological,
landfill gas, particulate and stability assessments. This is highlighted in Table 5.2. Only
where the accident scenarios cannot be covered in the individual risk assessments is a
separate consideration required.

5.4.1 Fires

One key accident hazard is fire. Although related to landfill gas and hydrogeological risk
assessments, it falls outside the usual scope of both. A separate fire and explosion
assessment should be conducted. This should consider the airborne releases (gaseous
and particulate) and water contamination issues such as contaminated firewater. Fire or
explosion damage to engineered containment would normally be dealt with in the
hydrogeological and/or landfill gas risk assessments. The principles given elsewhere in
this guidance should be applied to the assessment e.g. the level of the assessment should
be proportionate to the seriousness of the risk. Where there are near receptors for air
borne emissions then modelling of emissions from fires would normally be required. The
modelling should be repeated for a number of different meteorological conditions in order
to feed into contingency plans that can be related to the conditions i.e. atmospheric
stability and wind speed at the time of the incident.

5.4.2 Surface Water

Leachate spillages that do not enter groundwater will need to be considered separately to
reflect the risk to surface water. Similarly the impact of flooding on surface water following
overtopping will need an assessment outside the hydrogeological risk assessment. The
risk to surface water (other than that fed by groundwater) will primarily be assessed
through the consideration of accidents.

5.4.3 Waste Slippage

Any significant waste slippage would be considered as an accident. A movement of the
waste that led to a slip into an unlined area of the site would have implications for leachate
and landfill gas risk. The management of the risk of slippage (i.e. the movement of the
waste mass) should be dealt with as part of the stability risk assessment. Consideration of
the associated consequences of such an event i.e. landfill gas and leachate releases
should be considered in the landfill gas and hydrogeological risk assessments
respectively. The consideration of the accident hazards should inform the selection of
scenarios for the landfill gas and hydrogeological risk assessments.

5.4.4 Example Accident Scenarios

The following table is a list of example accident scenarios that should be considered for
quantification in the relevant risk assessment topics. The level of risk assessment
employed for the scenarios would normally be the same as that conducted for normal
operations. The risk assessments would usually cover specific accident scenarios using
the same modelling techniques used for assessing the impact on receptors of normal (and
abnormal) operations. Not all of these will be appropriate for each site and there may be
other site-specific scenarios that require consideration.
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Table 5.2 Example Accident Scenarios
Accident Hydrogeological Landfill Gas Particulate Stability
Flooding ü ü ü
Catastrophic failure of the basal artificial sealing
liner in one (or more) cell(s)

ü ü

Catastrophic failure of the basal artificial sealing
liner and artificially enhanced geological barrier
in one (or more) cell(s)

ü ü

Catastrophic failure of the side wall liner in one
(or more) cell(s) no active landfill gas extraction

ü ü ü

Catastrophic failure of the side wall liner in one
(or more) cell(s) with active landfill gas extraction

ü

Elevated leachate heads in one (or more) cell(s) ü ü ü
Catastrophic failure of the side wall liner in one
(or more) cell(s) and elevated leachate heads
with active landfill gas extraction

ü ü ü

Catastrophic failure of the side wall liner in one
(or more) cell(s) and elevated leachate heads no
active landfill gas extraction

ü

Catastrophic failure of gas collection
infrastructure

ü

Waste slippages ü ü ü ü
Deep seated landfill fires ü ü
Leachate spillage ü

It is important that the accident scenarios used in different risk assessment topics are
consistent. For instance the consideration of the failure of a side wall liner system should
use the same assumptions in the stability, landfill gas and hydrogeological risk
assessments.

5.5 Hydrogeological  Risk Assessment Scenarios

For hydrogeological risk assessment, the time scenarios are discussed in Agency
guidance (Environment Agency, 2003b) and basically reflect the operational phase (pre
capping), the post closure period when management systems are still functioning and the
long term situation where management systems are degrading and leachate quality is
improving. LandSim 2.5 reflects this understanding of the change of the landfill with time.

The risk assessment must be conducted for the whole of the installation. Where areas that
no longer receive waste (‘closed’ parts of the landfill) are included in the installation the
risk assessment must address those areas. (Landfill Directive Regulatory Guidance Note 6
Environment Agency 2003g). The risk assessment must be able to differentiate between
different areas of the landfill and predict the individual and cumulative impacts from
separate sections of the site. The scenarios for operational periods and capped periods
must be carefully developed. It is also necessary to be able to predict the impact of waste
overlying existing deposits. Where a proposal involves the lining/deposit above existing
waste deposits the hydrogeological risk assessment must quantify the impact of leachate
release from the existing waste as a result of the placement of further waste above it.
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5.6 Landfill Gas Scenarios

5.6.1 Scenarios for subsurface migration, surface and fugitive emissions

Landfill gas risk is managed through the effective collection of landfill gas (and subsequent
proper treatment). The scenarios that should be considered in the risk assessment have to
reflect the range of normal operations and also abnormal conditions. The scenarios that
should be considered are summarised in Table 5.3 below:

Table 5.3 Gas Emission Scenarios
Scenarios assuming maximum gas generation rate Subsurface migration

assuming capped landfill
Surface and
fugitive emissions

Proposed/predicted collection efficiency Normal Normal
Planned down times of gas extraction (based on
proposed maintenance periods) and worst case
meteorological conditions

Normal Normal

Predicted degradation of artificial side wall liners, and
other management systems e.g. silting/blockage of side
wall aggregate layers

Normal

Selected uncapped areas, waste flanks from phasing
and capping plans

Normal

No active gas extraction due to unplanned failure
based on proposed response/repair times

Abnormal Abnormal

Longer term failure of active gas extraction Abnormal Abnormal
Fugitive emissions from collection infrastructure (based
on times between monitoring of pipework etc.)

Abnormal

Fugitive emissions from a degraded cap (based on
times between monitoring of surface emissions)

Abnormal

The abnormal scenarios will help determine the sensitivity of the site. It is important to
consider the potential impact of no gas collection, even though this should not occur, as
this will help inform the Agency’s decisions on the appropriateness of the proposed risk
management measures such as containment engineering, factors of safety, monitoring
programmes, telemetry and response times for failures. Understanding what may happen
if collection is not taking place will help determine how quickly the systems need to be
repaired and whether back up secondary systems are needed, which spare parts are
needed on site etc. This is linked to the contingency planning required (Section 6.1.1).

Any landfill is likely to contain a variety of potential point source emissions and fugitive
emissions related to landfill gas. The release points will change with time, for example
temporary waste slopes and the scenarios listed above must be examined with a range of
release points that reflects the risks at different stages of the site’s development. The
times at which the above scenarios should be considered will depend upon the site-
specific phasing and development plan but should include the aftercare phase as well as
situations which may represent the plausible worst case. For example when there is
exposed/sacrificial collection infrastructure and where a large waste surface/flank will be
left exposed for the longest time. The proposed phasing plan should be considered
together with the proximity and the pathway to receptors to develop a plausible worst case
scenario. For subsurface gas migration, consideration should be given to the time where
the area of the landfill against the pathway is full of waste with a cap in place.
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The level of detail required for the quantification of the scenarios will depend upon the
level of risk assessment required (Section 2.4).

5.6.2 Scenarios for point source emissions from combustion

When a new landfill site is proposed, the rate of gas production will not be known (and the
limitations of models should be recognised - Section 2.9) and the timing of utilisation (i.e.
electricity generation) can only be estimated. The risk assessment must reflect the likely
long term combustion at the site i.e. the stage that should be modelled is the maximum
predicted number of flares and engines. The scenarios that should be modelled are shown
in Table 5.4 below. The table gives a matrix of combustion combinations and emission
limit compliance.

Table 5.4 Gas Combustion Scenarios Emission Limits
Operations Met Exceeded
Maximum predicted gas engines running at optimum capacity Normal Abnormal
No operational engines, all gas being flared Normal Abnormal
All gas engines and flares running at optimum capacity Normal Abnormal

The flares will often be in place as back-up to the engines but it is not unusual for the
predictions of gas production to be under estimates and for the engines and flares to be
running concurrently. The above situations should reflect the anticipated normal operations
of the engines and flares and also the situation where all the combustion equipment is
running at full capacity. Note that full capacity may not be identical to good operational
practice as the need to reduce emissions may require that combustion is carried out at
less than full capacity.

Each of the combustion combinations should be considered where emission limits are met
and where emission limits are exceeded. Emission standards will be set in a PPC permit
for both flares and engines (Environment Agency 2004d and 2004e). These will be
compliance limits enforced by the Agency. Where an EQS may be breached or where the
predicted site-specific impacts require it, more stringent emission limits than those given in
the Agency guidance may be required. In order to determine the appropriateness of the
risk management measures and the potential risk posed by the site it is necessary to
understand the impact on the receptors of emissions above those proposed. This must
include substances produced as a result of incomplete combustion and substances formed
post combustion. The situations that may give rise to the exceedence of emission limits
could include failure to operate the flares or engines according to best practice.

5.7 Particulate Risk Assessment Scenarios

An assessment of normal operations of the landfill should consider:

• deposit of identified waste streams within the proposed operational restrictions

• surface releases from waste and other surfaces based on the proposed phasing and
restoration programme
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• releases from vehicle movements based on proposed operational restrictions and dust
suppression proposals

An assessment of abnormal operations should consider:

• failure of dust suppression procedures (e.g. bowser not on site within proposed
response times etc.)

• deposit of identified waste streams with a failure of operational restrictions

• exceptional meteorological conditions

The key time period for particulate risk is when the site is operational. Effective restoration
of the site should ensure that there is minimal particulate risk in the post closure period.

5.8 Stability Risk Assessment Scenarios

The stability risk assessment should consider each slope and structure that will exist
throughout the landfill’s life. This means a number of different temporary slopes need to be
considered through the operational life of the site as well as the final pre and post
settlement contours. The stress history of those slopes and the potential effect of pore
water pressures should be considered

There are a number of elements that need to be considered in a stability risk assessment.

• The final landform

• Side wall liners

• Sub grade

• Temporary waste slopes

• Other structures i.e. leachate extraction and monitoring wells

The phasing plan for the site will indicate which waste slopes will exist and for how long
each will exist. All the temporary waste slopes proposed in the phasing plan for the landfill
must be assessed. A change to any one slope could have knock on effects for the whole
phasing plan and the scheme for the site must be considered as a whole.

Associated structures can mean almost any landfill structures not otherwise covered but
will primarily mean leachate management structures (wells and up slope risers) and
structures such as cell separation bunds.

5.9 Human Health

Harm to human health is potentially the most emotive issue a site will have to deal with
and a rigorous assessment of health risks will be essential to a smooth application
process. When considering the risk assessment scenarios it is necessary to consider the
possible source-pathway-receptor linkages that may have an impact on human health. The
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following is a list of some of the main exposure routes. There are other potential routes
that may need to be considered at some landfill sites.

• Drinking contaminated water

• Inhalation/Ingestion of particulate matter

• Eating contaminated food/soil

• Inhalation of landfill gas

• Inhalation of combustion by-products

5.9.1 Risk Assessment Topics

The main potential risk to human health from most landfills is likely to come from airborne
emissions. It is important that the risk assessment scenarios explicitly address human
health impact. This will be predominantly within the landfill gas assessment but should also
involve consideration of dust impact and possible other pathways. For example the
contamination of food from allotments or market gardens may need to be considered
depending on source-pathway-receptor linkages and Risk Screening. Health impacts will
also need to be included when considering accidents and their consequences, for instance
in the event of a fire. It is important that all the potential health effects are brought together
in a summary. Some of the site-specific receptors will be potentially exposed to particulate
matter, raw landfill gas and combustion by-products. Section 6.1.3 considers reporting
requirements and where applicable, the impacts on a receptor should be brought together
and the cumulative effect considered.

Table 5.5 presents an indicative summary of the main exposure routes and where these
exposures should be considered in the risk assessment process. These should be
adapted where necessary to address the site-specific risks.

Table 5.5 Examples of the risk assessment topics with respect to human health
Exposure route Accidents Hydrogeological Landfill Gas Particulate Stability
Inhalation of landfill gas ü ü
Inhalation of combustion by-products ü
Inhalation/Ingestion of dust ü ü ü
Eating contaminated food ü ü ü ü
Drinking contaminated water ü ü
Potential source-pathway-receptor linkage ü

5.10 Habitats

The requirements of the Habitats Regulations should be integrated within the risk
assessments ensuring all potential hazards from the landfill and their potential pathway to
the European site are assessed. A worst case scenario will need to be considered for each
hazard. This will then need to be linked into the specific sensitivities of each interest
feature that the European site has been identified for, to ensure that the Agency has
sufficient information to determine no / likely adverse effect on the integrity of the
European site.
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Table 5.6 indicates where the Habitats Directive assessment may need to be conducted in
the risk assessment topics covered by this document. There may be other site-specific
exposure routes that need to be considered. This will need to be combined with the
amenity assessments that are beyond the scope of this document (Sections 1.2 and
3.1.5).

Table 5.6 Examples of the risk assessment topics with respect to Habitats
Exposure route to Habitat Accidents Hydrogeological Landfill Gas Particulate Stability
Toxic Contamination (via water) ü ü
Toxic Contamination (via air) ü ü ü
Nutrient Enrichment ü ü
Habitat Loss ü ü ü ü ü
Potential source-pathway-receptor linkage ü



Assessment of Risks from Landfill Sites

External Consultation April 2004 Version 1.0 Page 51

6 REPORTING

Since the decision on a landfill application must be transparent, justifiable and
understandable the reporting of a risk assessment is very important. The following
sections outline the required outputs from the assessments and the recommended
reporting requirements.

6.1 Risk Assessment Outputs

There are a number of outputs from the risk assessment process that must be recorded.
These are summarised in Table 6.1. The key assumptions and their significance should be
reported in a consistent format across the separate risk assessment topics. This will allow
a ready check to be made as to whether the assumptions made are consistent. Any
common assumptions used in the separate risk assessment topics must be recorded.
Within each risk assessment topic the inter-relationships with other topics should be
recorded and cross-references made to ensure a consistency of understanding on the part
of the operator. This could be achieved through the production of a summary for each risk
assessment using the relevant outputs in Table 6.1 as headings.

Review and update of key assumptions should be linked to the requirement for risk
assessment reviews either annually or as part of a variation to working practices; or
triggered by monitoring results (i.e. assessment levels). For example a proposed new
waste type, such as a treatment sludge, may influence the stability assessment, the landfill
gas generation profile and the absorptive capacity of the waste and thus may require a
review of all of the risk assessments. It is important that the sensitivity analysis provides a
detailed understanding of the significance of changes in key parameters. This is critical in
understanding how important the detected changes are and enables a risk-based
approach to regulation.

6.1.1 Accidents Outputs

Contingency plans are an important output from the assessment of accidents. It is
important that contingency plans are site-specific rather than generic. This means that the
on-site actions must be specific to identified hazards and that off-site requirements relate
to actual receptors and consider existing pathways. For instance where modelling of fire
scenarios has been undertaken, it should be clear where under different meteorological
conditions the likely maximum ground level concentrations would arise and information or
actions can then be focussed on the relevant receptors. Contingency plans must not
consist of vague statements such as “appropriate steps will be taken where necessary
following consultation with the Agency”.
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Contingency Plans should cover the following areas:

• remedial actions

• mitigation measures

• monitoring measures

• liaison with other relevant bodies

• information provision to the public

• personnel responsibilities

• personnel training and guidance on specific accident scenarios

Following an incident a review of risk management measures and contingency plans
should be triggered. This could involve undertaking an updated risk assessment based on
knowledge gained as a result of the incident.

6.1.2 Waste Types

The consideration of the waste types for the risk assessment should follow a format similar
to the example shown in Table 6.2 below. The European Waste Catalogue (EWC) should
be used to identify either individual waste streams or, where this can be justified, to group
together waste types where the hazard is sufficiently similar. It is likely that tables similar to
Table 6.2 will contain a combination of qualitative and quantitative information. The limiting
values should be specific maximum limits on the total concentrations and the leaching
potential should provide limits on the leachable composition (this information may not be
available for all waste types, for instance solid municipal waste).

Table 6.2 Example format for considering the hazard from waste types
EWC (or groups
of codes)

Description Physical
form

Primary
contaminants

Limiting
values

Leaching
potential

Gas
generation
potential

Odour
generation
potential

Particulate
generation
potential
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Table 6.1 Recording of the risk assessment outputs
Outputs Hydrogeological Landfill Gas Particulate Stability
Assumptions ü ü ü ü
Areas of uncertainty ü ü ü ü
Sensitivity analysis ü ü ü ü
A review programme to test key assumptions
i.e. a validation plan

ü ü ü ü

Triggers for review of risk assessment ü ü ü ü
Selection of environmental benchmarks ü ü ü
Risks screened out as insignificant ü ü ü ü
Trigger (compliance) levels and control
(assessment) levels

ü ü ü ü

Emission limits ü ü
Risk based monitoring programmes – locations,
frequencies, determinands

ü ü e.g. migration monitoring
locations and frequency

ü ü

Operational parameters ü e.g. maximum leachate
head and action levels (for
example 1 metre maximum
and 0.75m action level)

ü e.g. justification for the timing of
active extraction;

üe.g. waste handling/
deposit; dust
suppression; site road
construction; speed
limits.

ü e.g. restrictions on areas
for leachate recirculation;
waste placement against
phase separation bunds.

Design parameters ü e.g. permeability and
thickness of enhanced
geological barrier

ü e.g. side wall liner and cap;
extraction system design; gas
treatment pre or post combustion;
number and capacity of flares;
utilisation capacity; stack heights

ü e.g. phasing; capping
and restoration.

ü e.g. material properties for
lining or subgrade materials;
maximum slope angles and
lengths; designs for
associated structures;
factors of safety

Maximum response times to specified failures of
equipment

ü ü ü

Programmed down times for equipment ü ü
Telemetry requirements ü ü
Indicative completion criteria ü ü ü
Time period for active management ü ü
Impact on receptors quantified and assessed
against environmental benchmarks

ü ü ü

Contingency plans ü ü ü ü
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6.1.3 Receptors

The predicted impact at each receptor (or group of receptors) must be reported. The
reporting should be centred on the receptors and the assessment of risk to each receptor
clearly identified. Reporting the impact for each receptor enables the predicted impact from
each risk assessment topics to be considered together. The most usual examples will be
the impact of airborne emissions which will commonly impact upon the same receptors.

A single list of receptors should be provided with a reference to the site plan showing the
locations. This can be reported in the form of a table which also provides reference to
where in the risk assessment documentation an assessment of the risks to that receptor
are presented. An example format is presented in table 6.3 below.

Table 6.3 Example format for reporting the risks to receptors
Receptor Plan Accidents Hydrogeological Landfill Gas Particulate Stability
Carnation Street 1 ü     1 ü    1 ü     1
Boundary Burn 1 ü     1 ü     1 ü     1
Potential source-pathway-receptor linkage ü                                   Document/Section/Page Reference(s) 1

Human health impacts must be explicitly addressed for all the relevant human receptors
identified. For many sites the landfill gas and particulate assessments will be the most
appropriate place to deal with a summary of the health effects. There must be a single
summary of the potential health effects bringing together all the risk assessment topics.
Exposure of the same people at different locations (e.g. local residents who use footpaths
and eat food from allotments) must be reported.

Reference should be made to the stability, hydrogeological and landfill gas risk
assessment guidance for more precise information requirements in the risk assessment
process.

6.1.4 Level of Risk Assessment

The level of risk assessment undertaken must be justified in the report. A possible format
is shown below in Table 6.4.

Table 6.4 Example format for reporting the level (tier) of risk assessment undertaken
Risk Assessment Topic Level of Risk

Assessment
Justification
reference

Risk Management
Measures references

Accidents
Hydrogeological
Landfill Gas
Sub surface migration
Landfill gas releases
Combustion point source releases
Particulate Matter
Stability
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6.1.5 PPC Statutory Consultees

6.1.5.1 Human Health

For a PPC permit application, the Primary Care Trust or the Local Health Boards (in
England and Wales respectively) and the Food Standards Agency are two of the statutory
consultees. This is an important part of the application process. The consultees have the
public confidence and can provide knowledge or expertise the Agency may lack. If the
consultees are satisfied with the risk assessment (assumptions, justifications, outputs and
statements) the Agency is more likely to be satisfied and the application process should
proceed more smoothly.

In order for the consultees to make an informed input into the permitting process the risk
assessment must address their specific areas of concern. The reporting of the risk
assessment should allow the consultees to make an informed response to the PPC
application. A good PPC application will be one that provides sufficient information to
enable the statutory consultees to provide a view to support the Agency’s decision-making.

As stated above in section 6.1.3 there should be a single health impact assessment
summary that directs the reader to the relevant sections of the individual risk assessment
topics and, where relevant, considers any combinations of impacts on human receptors.

6.1.5.2 Nature Conservation

English Nature or the Countryside Council for Wales are the relevant statutory consultees
in England and Wales respectively. If the landfill is within 2km/5km of a European site,
they will be consulted on the application and will receive a summary of the Agency’s
Habitats assessment.

CROW Act assessments for Sites of Special Scientific Interest (SSSI’s) may also require
consultation with English Nature or the Countryside Council for Wales, if the application
has the potential to damage a SSSI.
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7 DECISION-MAKING

7.1 Legislation and Background

The basis for regulatory decision-making is the legislation. The following sections briefly
outline the relevant legislation and regulatory background in England and Wales.

7.1.1 Overall Objective of the Landfill Directive

The overall objective (Article 1) of the Landfill Directive  (1999/31/EC) is to prevent or
reduce as far as possible negative effects on the environment (including harm to human
health). This is to be achieved by way of stringent operational and technical requirements
on the waste and landfills. The risk management measures adopted at the landfill must
minimise the impact on the environment and human health.

7.1.2 Accidents

The Landfill Regulations require that a permit include appropriate conditions ensuring that
the landfill is operated in such a manner that the necessary measures are taken to prevent
accidents and to limit their consequences (Regulation 8 (2) (c)). Many landfill assessments
have in the past been conducted assuming that all the risk management measures
function perfectly for the entire life of the site. The Agency’s experience of regulating
landfill sites indicates that this is not the case. It is important to appreciate that an accident
such as a major fire or leachate spillage could potentially have consequences beyond that
expected during the lifetime of normal operations.

Box 8 - Example comparing accidental emissions to those of normal operations
A leachate pumping failure resulting in spillage into an unlined area of the site could equate to many years of
leakage through the engineered containment. There is little point in collecting leachate from well engineered
basal leachate sealing and collection systems and then subsequently handling it in poorly designed and
managed pipework and storage facilities.

PPC permitting introduces a step change in the manner in which landfill operators must
plan for and handle accidents. The consideration of accidents and their consequences is a
crucial part of the landfill risk assessment.

7.1.3 Hydrogeological Risk Assessment

The basis for providing groundwater protection is currently the Groundwater Directive
(80/68/EEC) which is implemented for PPC permits by the Groundwater Regulations 1998.
The Directive will be replaced by a daughter directive under the Water Framework
Directive in the future. The Groundwater Regulations have to be considered both at the
PPC application stage and also for any variation which may impact on the risk to
groundwater, as the PPC permit will be a groundwater authorisation. Paragraphs 2 and 3
of Schedule 2 of the Landfill Regulations set out additional specific requirements with
respect to groundwater protection in particular the requirements for a geological barrier
and the collection and extraction of leachate (Environment Agency 2003g).

Compliance with the Groundwater Regulations should be considered for the whole life of
the landfill. Where the landfill represents a serious environmental risk at any stage of its
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lifecycle it should not be permitted. The hydrogeological risk assessment should be
conducted in accordance with the Agency’s guidance on Hydrogeological risk
assessments for landfills and the derivation of groundwater control and trigger levels
(Environment Agency 2003b). This guidance must be read in conjunction with that
document.

7.1.4 Landfill Gas Risk Assessment

Paragraph 4(2) and (3) of Schedule 2 of the Landfill Regulations require that landfill gas be
collected and that the collection, treatment and use of landfill gas must be carried on in a
manner which minimises damage to or deterioration of the environment and risk to human
health. For new sites Paragraph 1 of Schedule 2 requires that a landfill (PPC) permit
should only be issued where the locational characteristics or the corrective measures to be
taken indicate that the landfill does not pose a serious environmental risk. Reference
should be made to the Guidance on the Management of Landfill Gas (Environment Agency
2004g) for more detailed guidance on how to conduct a landfill gas risk assessment.

7.1.5 Particulate Risk Assessment

Paragraph 5 of Schedule 2 of the Landfill Regulations require that measures must be
taken to minimise the nuisances arising from the landfill in relation to odours and dust.
Paragraph 1(1) of Schedule 2 of the Landfill Regulations requires the location of a site to
take account of various potential receptors including residential, recreational, agricultural,
urban sites and nature protection zones (see Section 7.4). In addition there are
requirements for assessment when a European site (as defined by the Habitats
Regulations) has been identified as a receptor and relevant hazards have been identified
(Environment Agency 2003i).

7.1.6 Stability Assessment

The Landfill Regulations require in Schedule 2 paragraph 6 (1) that the placement of waste
must ensure stability of all the waste on the site and associated structures and in particular
must avoid slippages. Paragraph 6 (2) requires that where an artificial barrier is used, the
geological substratum must be sufficiently stable, taking into account the morphology of
the landfill, to prevent settlement that may cause damage to the barrier.

Although the requirement to consider stability is explicit in the Landfill Regulations this is
not a new requirement and the stability of the waste mass should always have been an
essential design feature for landfill sites. When undertaking the stability risk assessment
reference must be made to the Agency’s guidance on Stability of landfill lining systems
(Environment Agency, 2002l). There are also many engineering documents providing
guidance on stability issues, for instance on angles of repose.
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7.1.7 Habitats Assessments

Regulation 48 (1) of the Habitats Regulations requires the Agency, as a competent
authority, before issuing a landfill permit, to conduct an appropriate assessment of the
application and its potential implications for any relevant European sites. Regulation 48 (2)
requires the applicant to provide such information that the Agency may reasonably require
for the purposes of this assessment. The request for this information is presented within
the Habitats Assessment in Part B of the Landfill PPC application form.

Prior to the Landfill Permit being issued the Agency must determine, from information
submitted, that the landfill will not have an adverse effect on the integrity of the European
site (Regulation 48 (5)). A permit may only be granted if this is not determined, if there are
no other alternatives solutions, and that the operation must go ahead for reasons of
overriding public interest (Regulation 49).

7.2 Assessment of Impacts

The impact assessment is a key area in the decision-making process. It involves the
prediction of the level of an emitted substance at a receptor and the comparison of the
predicted levels, that may arise, against relevant criteria i.e. environmental benchmarks.
This must provide an assessment of the potential environmental effects (including on
human health) of emissions that have not been screened out as insignificant. The following
points must have been addressed in a quantitative risk assessment in order to inform the
decision-making process.

• a quantification of the impact of emissions

• a comparison of the predict impact must be made against the appropriate
environmental benchmark (section 4.4)

• an evaluation of the potential human health impact must be made of the total
cumulative exposure (e.g. additive) for each relevant receptor

• an interpretation must be made by an appropriately qualified person

Simple and Complex Risk Assessments must quantify the predicted level of substances, at
each relevant receptor, for normal and abnormal operations and for accidents (see Section
5).  Normal operations will occur, and the impact assessment is a consideration of the
consequences of these operations. For abnormal operations and accidents the
likelihood/frequency of occurrence must also be considered alongside the consequences
of the predicted impact (see Section 7.4.2). Any decision will never be determined simply
on whether the predicted impact is below the environmental benchmark. Predicted impacts
near or approaching the criteria may, given the uncertainties, indicate that the proposed
development may not be acceptable. Section 7.6 discusses decision-making in the face of
uncertainty.
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7.2.1 Accidents

H1 (Environment Agency 2003a) includes a methodology for considering the probability of
occurrence and producing matrices of risk for accidents. The recommended approach
here is to place a greater emphasis on the consequences of an occurrence (the impact)
and using this to feed into the risk management procedures and contingency plans.
Estimates of the probability of occurrence are just that, a qualitative consideration of the
likelihood. The processes within a landfill are less well understood than, for example, a
chemical manufacturing plant and methods of predicting occurrences such as fault tree
analysis will be correspondingly less useful.

For each identified hazard an assessment of the impact at all relevant receptors should be
made. As in all areas of risk assessment the effort must not be disproportionate to the risk
and an appropriate level of detail should be achieved by employing a tiered approach as
described in Section 2. The depth and type of assessment will depend on the
characteristics of the installation and its location. The main factors which should be taken
into account are:

• the scale and nature of the accident hazard presented by the landfill

• the potential impact on the receptors

Section 5.4 details where the individual risk assessment topics should consider the impact
of accidents.

7.2.2 Human Health

Much of the required impact assessment falls under the landfill gas risk assessment. The
impacts from landfill gas emissions and from any combustion point sources must be
considered together for each human health receptor. Both short and long term exposure
must be considered separately by comparing the predicted concentrations against
appropriate criteria.

The health impact of accidental releases in addition to normal exposure should be
considered. This will help in evaluating the appropriateness of the risk management
measures and contingency plans.

7.2.3 Landfill Gas

Clearly a scenario representing no collection of gas cannot exist at the same time as one
representing full capacity combustion. The proposed operations of the site should be
considered including timings for flaring and utilisation, planned and unplanned down times
taking into account the proposed response times and spare part storage etc.  As part of
the interpretation of the impacts, a plausible worst case combination of predicted impacts
should be considered as well as the impact of the proposed normal operations. It is likely
to be appropriate to compare exposure to elevated emissions and some other abnormal
events or accidents (for example, the initial release of gas from a waste slippage) to the
short term environmental benchmarks.
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7.2.4 Global Warming

Global warming is not a site-specific risk issue and will not require a specific assessment
of impact on local receptors.

Landfill gas is an important contributor to greenhouse gas emissions in the UK and
biodegradable landfills must be designed and operated in a manner that ensures the
maximum practicable collection and treatment of the gas. This maximum extraction and
treatment (normally oxidation of methane to carbon dioxide through combustion) is
consistent with the best practice requirement for managing landfill gas.

7.2.5 Personnel

It may seem self-evident that suitably qualified persons should conduct the risk
assessment but this cannot be stressed too strongly.  Any risk assessment will have made
assumptions in the conceptual model and in any quantitative modelling undertaken; such
assumptions require expert judgement. The interpretation of the impact must be made in
full awareness of the significance of the assumptions and the uncertainties.

It is important that care is taken when comparing predicted concentrations against
environmental benchmarks. The comparison is not a pass or fail scenario. For example for
an environmental benchmark (or percentage thereof) of 100µg/l a predicted level of 95µg/l
is not a pass and 105µg/l a failure. Given uncertainties in the assessment, there may be
no real difference between the two predicted concentrations. A suitably qualified person
who fully understands the limitations of the process and any implications arising from the
predicted levels of emissions should conduct the comparison with the environmental
benchmark.

7.3 Regulatory Decision-making

The objective of a risk assessment with respect to decision-making is to:

• provide the Agency with sufficient confidence to make the relevant regulatory decision

In order to support a decision, the risk assessment must:

• provide a sufficient understanding of the landfill site and its setting

• identify all the site-specific receptors and pathways

• define pollution for the site through environmental benchmarks

• provide an understanding of the critical assumptions/parameters

• evaluate the impact at the receptors

• report on the predicted impact at each individual (or groups of) receptor(s)

One key factor in this is a good understanding of the condition of the landfill through the
conceptual model.
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The two main areas where the Agency must make decisions are:

• location for new landfill facilities

• risk management measures

As is discussed below the two are closely linked for new sites since the risk assessment is
conducted on the basis of the site setting and the proposed landfill design and operation.

The decision on landfill location can be made at the planning or PPC permitting stage. A
decision on the acceptability of the corrective measures can only be finally made at the
PPC permitting stage.

7.4 Decisions on Landfill Location

A decision as to whether a landfill location is acceptable is one of the most important
decisions to be supported by a risk assessment. For new sites, the Landfill Regulations
contain provisions as to landfill location which are outlined below. These provisions do not
apply to existing sites (i.e. areas already in operation on 15 June 2002 or not already in
operation but the relevant authorisation for its operation was granted before 15 June 2002)
however they do apply to any extensions to existing sites.

Paragraph 1(1) of Schedule 2 of the Landfill Regulations relates to the location of a site
with respect to various potential receptors including groundwater, waterways, water bodies
and coastal waters. These receptors will largely be covered in the hydrogeological risk
assessment. The impact on residential, recreational, agricultural and urban sites will
largely be dealt with in the landfill gas and particulate risk assessments.

Paragraph 1(2) of Schedule 2 requires that a landfill (PPC) permit may be issued only if
the locational requirements or the corrective measures to be taken indicate that the landfill
does not pose a serious environmental risk. Paragraph 1(2) does not apply to existing
sites.

Regulation 5 of the Landfill Regulations requires that a planning permission may only be
granted for a landfill if the locational issues in paragraph 1(1) of Schedule 2 have been
taken into consideration.

Landfill location with respect to groundwater is considered in Landfill Directive Regulatory
Guidance Note 3 (Environment Agency 2002j).

7.4.1 Planning Permission

The basic decisions that the Agency can make with respect to a planning consultation are:

• to object to the application;

• to object on the basis of insufficient information;

• not to object to the application.
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Since the locational requirements only apply to new sites it can be assumed that in most
cases the decision will be supported by an Environmental Impact Assessment (EIA) at the
planning stage. The EIA should provide at least a Risk Screening Assessment (particularly
where the Agency has made a full response on the scoping of the EIA) and should have
identified all the site-specific pathways and receptors. The Risk Screening with its
consideration of the source-pathway-receptor linkages may be sufficient for the Agency to
take the view that the proposed landfill poses a serious environmental risk and would
justify the Agency objecting to the application.  It may be that without further quantification
of the impacts or details of the risk management measures that the Agency does not have
the basis for making a decision. In these circumstances the Agency may choose to object
to the application on the basis of insufficient information.  If the pollutant linkages indicate
that the sensitivity of the site’s location may not be high and the concern is centred on the
appropriateness of the risk management measures then the Agency is likely to not object
to the planning permission. The determination of the acceptability of the risk management
measures for the landfill can be made at the PPC permit stage.

The Agency will object to the planning application where the criteria in the landfill location
position statement are met (Environment Agency 2002j). Where the Agency does not
object to the planning application this does not mean that it will necessarily issue the PPC
permit.

Where applications for planning permission and a PPC permit are being conducted in
parallel then the risk assessments submitted in support of the PPC application can be
used to inform the Agency’s decision on what response to make to the planning authority.

The following section describes in more detail the decision-making process as it relates to
a PPC application.

7.4.2 PPC Permits

The Landfill Regulations require that for a new landfill, a permit may be issued only if the
locational characteristics or corrective measures to be taken indicate that the proposed
landfill does not pose a serious environmental risk. This is a consideration of the sensitivity
of the location and the proposed risk management measures. The risk assessment for a
PPC permit application must provide the basis for this decision. With respect to
groundwater, Landfill Directive Regulatory Guidance Note 3 (Environment Agency 2002j)
provides the criteria for determining when a PPC permit should not be issued.

The risk assessment should have considered three basic scenarios:

• normal operations

• abnormal conditions

• accidents

Normal operations means that the proposed corrective measures are functioning as
designed. It should be noted that normal operations should include the predicted
degradation of management systems. Where the Agency believes that under normal
operations the proposed new landfill poses a serious environmental risk then the permit
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should not be issued on those grounds. Environmental risk must be taken to include
human health.

In order to determine if a serious environmental risk is posed it is necessary to consider
failures of corrective measures, accidents and their consequences i.e. abnormal conditions
and accidents. Section 5 outlines the scenarios that should be considered and should give
a good understanding of the impacts of various occurrences. If the consideration of failures
gives the Agency sufficient confidence that the landfill does not pose a serious
environmental risk then the Agency can issue the permit. Where the predicted impact of an
accident or failure would be unacceptable – and in many cases it would be surprising if
they were not – this does not mean that the Agency must necessarily reject the
application. What needs to be considered are:

• the magnitude of the consequences including the sensitivity of the location

• the likelihood of occurrence given the proposed risk management measures

• the risk management measures to prevent accidents/failures

• the contingency plans to mitigate the consequences

The sensitivity of the location will be particularly crucial when considering the
consequences of failures that may occur at a landfill. The main use of the accident
scenarios will be in determining whether the proposed site is so sensitive that a permit
should not be issued and for determining the acceptability of risk management measures,
monitoring and contingency planning. Where the consequences of an accident are serious
then the risk management measures to prevent its occurrence must be correspondingly
more robust. In some cases, the consequences of an accident may be so significant that a
serious risk is posed notwithstanding the proposed risk management measures and this
would make the location unsuitable for a landfill.

Having considered all the above issues, the professional judgement of the Agency officers
will be used to determine if the proposed landfill would pose a serious environmental risk
and whether the permit can be granted or should be refused.

7.5 Decisions on Risk Management Measures

For existing sites (i.e. areas already in operation on 15 June 2002 or not already in
operation but the relevant authorisation for its operation was granted before 15 June 2002)
the locational requirements do not apply (Paragraph 1(13) of Schedule 4 of the Landfill
Regulations).

For all landfill applications, the decision that the Agency must make relates to the
acceptability of the risk management measures in complying with the requirements of the
Landfill, Groundwater, Habitats and PPC Regulations.  This includes the requirements of
Regulation 8 (2)(c) and paragraphs 3, 4 and 6 of Schedule 2 of the Landfill Regulations
(accidents and their consequences, hydrogeological risk, landfill gas, particulate matter
and stability respectively).
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Not all risk management measures will be determined through the risk assessment.
Regulations, best practice and where applicable Best Available Techniques will determine
many of the design, operational and management measures required at the landfill. Some
examples of the key requirements are illustrated in section 2.3.1 in Box 3. The operation
and design of the landfill in accordance with best practice is an essential part of the
decision-making process. The risk management measures must minimise the impact on
the environment and this means that although an assessment may produce an
“acceptable” impact a more stringent operational standard may still be required. One key
example of this is where a hydrogeological risk assessment model may suggest that an
acceptable concentration of List II substances would result from a leachate head, for
example, of 5 metres. In such a case a compliance limit for the leachate level should still
be set (for example, at a maximum 1 metre) to minimise the emissions to groundwater.

The key decision to be made by the Agency for all landfill applications is the acceptability
of the risk management measures proposed. The assessment of the impact of normal
operations will provide the basic support for the decision as to whether a permit can be
granted, taking into account all the uncertainties and assumptions. For a quantified risk
assessment, the comparison of the predicted impact of emissions against the relevant
environmental benchmarks will form the basis of the assessment of the impact.

The assessment of accidents and abnormal operations will support the decision on the
robustness of the engineering and management systems required, in particular issues
such as contingency planning, monitoring of operations, telemetry, redundancy and back
up equipment and procedures (see Section 7.4.2).

Where the risk assessment does not satisfy the professional judgement of the Agency
officers that the risk management measures meet the necessary requirements then the
Agency can consider:

• rejecting the permit

• requiring additional information on the risk management measures

• issuing the permit but include prescriptive or improvement conditions

Improvement conditions should not be an option for new sites, which can reasonably be
expected to meet the necessary standards at the point of issue of the permit. For existing
sites the risk assessments should clearly show where the priorities for improvements lie.

The operator may choose to withdraw the application for a new site and consider a more
detailed risk assessment and a revision of the proposed risk management measures.



Assessment of Risks from Landfill Sites

External Consultation April 2004 Version 1.0 Page 65

7.6 Decision-making in the Face of Uncertainty

There will always be uncertainty associated with a risk assessment. The areas of
uncertainty for a landfill risk assessment include:

• proportions of waste types accepted

• leachate composition and quantity

• gas composition and generation rates

• particulate matter composition and generation

• monitoring data

• point source emission rates and composition

• fugitive/area emission rates and composition

• hydrogeological setting

• meteorological regime

• models and input parameters

• receptor presence and sensitivity

• short and long term performance of risk management measures

It is important that the areas of uncertainty are considered, understood and recorded. That
there will always be uncertainty has to be accepted and there are a number of ways of
potentially addressing this. These can include:

• further site investigation

• additional monitoring

• probabilistic models and probability density functions

• conservative “worst case” assumptions

• confidence levels

• concepts such as model head room and model confidence (section 2.9)

• more complex assessments

• factors of safety

• over engineering/redundancy

The above examples are ways of either addressing uncertainty by gathering more
information, using modelling techniques to reflect the uncertainty or using the design to try
and compensate for uncertainty.



Assessment of Risks from Landfill Sites

External Consultation April 2004 Version 1.0 Page 66

It has to be remembered that a risk assessment does not provide the “answer”. All risk
assessments must be interpreted by appropriately qualified people who can understand
the uncertainties, the assumptions made and their significance for an individual site. In
particular, care must be taken that undue reliance is not placed on the “numbers” that are
generated by quantitative modelling. It is tempting to generate a number from a model, to
compare it against a numerical environmental benchmark and then to declare that the risk
assessment has demonstrated acceptability. Modelling must not be relied on beyond the
point that the understanding of the landfill can support.

There will be circumstances where uncertainty is of greater significance than in others. For
landfill sites this will largely be related to the sensitivity of the environmental setting and
hence the potential impact. This means that it will not always be necessary to fully address
the uncertainties. It is the understanding of the site in its environmental setting i.e. the
conceptual model and risk screening stages that are the most important elements of the
decision-making process. A decision can be made provided that the significance of the
uncertainty is understood. There will always be a residual level of uncertainty. The
Agency’s inclination is to require that uncertainty be addressed through the provision of
additional information. Although this can be fully justified in many cases it will not always
be justifiable. The question is whether a decision (rational and justifiable) can be made
using the professional judgement of the officers involved. The uncertainties must be
recognised and recorded to ensure the transparency of the decision-making. What the risk
assessment must provide is confidence that the risks are understood to a sufficient level. A
risk assessment, or any other process, can never provide certainty.
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KEY POINTS

Risk Assessment

The level of risk assessment effort must be proportionate to the risk (Section 2.1)

The development of a robust conceptual model of the site is a vital precursor to the risk
assessment process (Section 2.3)

Risk Screening is essential and needs to consider all the relevant source-pathway-
receptor linkages to ensure that risk assessment effort is focussed on the significant risks
(Section 2.5)

Interpretation of the risk assessment must be made by an appropriately qualified person
who understands the assumptions and limitations of the conducted assessment and who
can therefore place any quantitative results into the correct context (Section 2.9)

Risk Management Measures

Best practice/Best Available Techniques will determine many of the risk management
measures required at the landfill (Section 2.3.1)

The risk management measures must prevent or minimise the impact on the environment
and human health (Sections 7.1 and 7.5)

Decision-Making

The risk assessment must be considered in the overall context of the site, reflecting the
assumptions and uncertainties (Sections 7.2.5 and 7.6)

The regulatory decision should never be based simply on whether quantitative assessment
has produced a number lower than the relevant environmental benchmark to which it is
being compared (Section 7.2.5)

The understanding of the landfill site in its environmental setting is the single most
important element in the regulatory decision-making process (Sections 7.3 and 7.5)

The regulatory decision must be proportionate, consistent, transparent and it must be
based on the evidence including that from consultees (Sections 6.1.5 and 7.3)
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GLOSSARY

Best Available
Techniques
(BAT)

The most effective and advanced stage of development of activities and
their methods of operation which indicates the practical suitability of
particular techniques to prevent and where that is not practicable to
reduce emissions and the impact on the environment as a whole.  For
these purposes:  “available techniques” means “those techniques which
have been developed on a scale which allows implementation in the
relevant industrial sector, under economically and technically viable
conditions, taking into consideration the cost and advantages, whether or
not the techniques are used or produced inside the United Kingdom, as
long as they are reasonably accessible to the operator”; “best” means “in
relation to techniques, the most effective in achieving a high general level
of protection of the environment as a whole” and “techniques” “includes
both the technology used and the way in which the installation is
designed, built, maintained, operated and decommissioned.

Best Practice Best practice should be taken to mean all appropriate measures, in
accordance with Agency guidance, to be taken against pollution, to limit
emissions and the impact on the environment.

Conceptual
Model

An understanding of the landfill (including the design and operational
fundamentals) in its environmental setting. The conceptual model must
identify the sources, pathways and receptors at a landfill.  A conceptual
model represents the understanding of the problem and is used as the
basis on which to develop a site specific risk assessment.  The level of
detail required of the model will depend upon the complexity of the risk
assessment.

Corrective
Measures

The term used in Paragraph 1 of Schedule 2 of the Landfill Regulations. It
should be taken to mean the risk management measures to be taken.

CROW Act Countryside and Rights of Way Act 2000

Emission The direct or indirect release of substances, vibrations, heat or noise from
individual or diffuse sources in an installation into the air, water or land.

Environmental
Benchmark

A standard or criterion against which the level of an emitted substance
can be compared at a receptor. For a quantified risk assessment the
potential impact of an emission is evaluated through comparison against
these appropriate standards in order to assess the significance of the
impact and allow a decision to be made on whether the impact of the
landfill on air or water quality may be acceptable.

European Site Defined by Regulation 10 of the Habitats Regulations. This definition
includes SACs and SPAs. It is also government policy to include
RAMSAR sites within this definition.

Groundwater All water which is below the surface of the ground in the saturation zone
and in direct contact with the ground or subsoil.
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Groundwater
Regulations

The Groundwater Regulations SI 1998 No. 2746

Habitats
Regulations

Conservation (Natural Habitats, & c.) Regulations 1994  SI 1994 No.
2716

Harm The damage to a receptor that results when a hazard is realised. Harm to
the health of living organisms or other interference with the ecological
systems of which they form a part and in the case of man includes
offence to any of his senses or harm to his property.

Hazard A property or situation that particular circumstances could lead to harm.

Landfill A waste disposal site for the deposit of the waste onto or into land.

Landfill Gas Any gas generated from landfilled waste.

Landfill
Regulations

The Landfill (England and Wales) Regulations SI 2002 No. 1559

Leachate Any liquid percolating through deposited waste and emitted from or
contained within a landfill.

Pathways The mechanism by which the receptor and source can come into contact
(e.g. by a hazardous event or action on site giving rise to a release of the
hazardous substance or material to atmosphere or to ground).

Pollution Emissions as a result of human activity which may be harmful to human
health or the quality of the environment, cause offence to any human
senses, result in damage to material property, or impair or interfere with
amenities and other legitimate uses of the environment.

PPC
Regulations

The Pollution, Prevention and Control (England and Wales) Regulations
SI 2000 No.1973 (as amended)

Ramsar sites Ramsar sites are designated under the Convention on Wetlands of
International Importance (‘The Ramsar Convention’).

Receptors The entity (e.g. human, water body, ecosystem, building, etc.) that is
sensitive or vulnerable to the adverse effects of the hazardous substance
or material

Risk A combination of the probability, or frequency, of occurrence of a defined
hazard and the magnitude of the consequences of the occurrence.

Risk
assessment

The qualitative/quantitative estimation and characterisation of risks.

Risk
management

The process of making and implementing decisions about accepting or
altering risks

SAC Special Area of Conservation as defined by the Directive 92/43/EEC, on
the Conservation of Natural Habitats and of wild fauna and flora.
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SPA Special Protection Area as defined by the Directive 79/409/EEC on the
Conservation of Wild Birds

Source The hazardous substance or material. The ‘source’ for waste
management facilities is defined by the hazardous properties of the waste
types and operations to which they will be subjected on the proposed
site.
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