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This report is the result of working group "Decision Support Tools" of the network
CLARINET (Contaminated Land Rehabilitation Network for Environmental Tech-
nologies), a project funded under the Environment and Climate Programme of the
European Commission.
CLARINET provides an interdisciplinary network on the sustainable management of
contaminated land in Europe, analysed key-issues in decision-making processes and
identified priority research needs on technical, environmental and socio-economic
topics. The network brings together the combined knowledge and expertise of aca-
demics, national policy makers, government experts, consultants, industrial land
owners and technology developers from 16  European countries. The key objective of
CLARINET was to identify the means for the effective and sustainable management
of contaminated land in order to

ensure the safe (re-)use of these lands
abate caused water pollution
maintain the functionality of soil and (ground-)water ecosystems.

CLARINET focused on the basis of currently applied risk-based procedures for land
management in European countries, aiming to evaluate the current state of the art
and to stimulate scientific collaboration on identified research needs in Europe.
To yield an integrated approach within the project, several interlinked working
groups were identifying problem and solution related aspects for contaminated land
management. Following themes have been addressed:

Brownfields Redevelopment
Impacts of Contaminated Land on Water Resources
Remediation Technologies and Techniques
Human Health Aspects
Risk Management and Decision Support

Furthermore, one working group aimed to stimulate collaboration between various
R&D Programmes on a European level.
Based on the identified state-of-the-art in these areas, integrative concepts and rec-
ommendations for tackling contaminated land problems have be investigated, taking
the different approaches in the European countries into account. Needs for further
research have been identified.
The individual working group results contributed in developing an overall concep-
tual framework for sustainable management of contaminated land (Risk Based Land
Management). This concept is also available within this series of publications.

Martin Schamann
Federal Environment Agency, Austria
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Decision support exists to help those who have to take decisions dealing with the
complex and wide-ranging information involved in contaminated land management.
Decision support can be provided as written guidance (flow sheets, model proce-
dures) and/or software. It aims not only to facilitate decision making but to help en-
sure that the process is transparent, documented, reproducible and hopefully robust,
providing a coherent framework to explore the options available. The need for deci-
sion support is widely recognised and in recent years a large number of decision
support tools (DSTs) have been developed, with varying degrees of success in practi-
cal use.

�����
������������#��$����%�����1	�
������������������2

The Working Group “Decision Support Tools” has surveyed decision support issues
in 16 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ire-
land, Italy, Netherlands, Norway, Portugal, Spain, Sweden1, Switzerland and the
United Kingdom. This survey was based on the use of questionnaires circulated to
the CLARINET national representatives. The responses to these questionnaires were
compiled and peer reviewed. The Working Group “Decision Support Tools” also
undertook a review of available decision support methods and tools and set out
(with Working Group “Remediation Technologies”) a series of key decision making
principles for remedy selection for contaminated sites. It also established an open
access catalogue of decision support tools, which is available for entries from deci-
sion support tool researchers, developers and vendors, and can be viewed by any-
one. The catalogue is linked to www.clarinet.at.

��������������������

The report reviews the Working Group’s view of the principal decision making crite-
ria for contaminated land management and remediation: driving forces for the reme-
diation project, risk management, sustainable development, stakeholder satisfaction,
cost effectiveness and technical feasibility. Chapter 3 reviews the practice of decision
support, and techniques commonly used to provide analyses for decision making:
environmental risk assessment, multi-criteria analysis, multi-attribute techniques,
cost-benefit analysis, cost effectiveness analysis, life cycle assessment, financial risk
management; and their acceptability in the decision making process. Chapter 4 (and
Annex A) report on a survey of decision support issues carried out over 16 European

                                                

1 Information for Sweden was taken from the Swedish website – ���������
����
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countries by the Working Group “Decision Support Tools”, and introduces an on line
catalogue of decision support tools. Chapter 6 discusses decision support in the con-
text of the Risk Based Land Management concept developed by CLARINET
(VEGTER ������� 2002). The final chapters contain the reports conclusions and recom-
mendations.

In this report, contaminated land is a general term to describe sites or wider areas of
land where elevated concentrations of chemicals or other substances (contamination),
usually resulting from man’s use of the land, may exist. It focuses on contamination
resulting from past practices, that is, historic or legacy contamination.

4�<�	�
��������$����=���
���������������������������������

Finding sustainable technical solutions for contaminated problems is dependent on a
range of parallel considerations. Decisions about which risk management option(s)
are most appropriate for a particular site needs to be considered in a holistic manner.
Key factors in decision making include: driving forces for the remediation project,
risk management, sustainable development, stakeholders' viewpoints, cost effective-
ness, and technical feasibility / suitability.

The ������� for remediation are typically: To protect human health and the environ-
ment, to enable redevelopment, to repair previous remediation work or redevelop-
ment projects where past risk management has been inadequate, and to limit poten-
tial liabilities or alternatively increase land asset values.

The goal of ���$� ���������� is to provide an objective, scientific evaluation of the
likelihood of unacceptable impacts to human health and the environment. The goal
of ���$����������� is to support decisions on risk acceptability for specified land
uses and to determine the actions to be taken. It is the process of making informed
decisions on the acceptability of risks posed by contaminants at a site, either before
or after treatment, and how any needed risk reduction can be achieved efficiently
and cost effectively (FERGUSON ������ 1998, FERGUSON & KASAMAS, 1999). In this
way, the over riding needs for the protection of human health and the environment
can be clearly identified and work prioritised accordingly.

The concept of ��������"�������������� gained international governmental recog-
nition at the United Nation’s Earth Summit conference in Rio de Janeiro in 1992.
Sustainable development has been defined as: “…  ����
!��������������������������
	
����!�����������
"��#
�!�
�����������������$�
	�	"�"�����������
����
������������
��������”
(BRUNDTLAND, 1987). Underpinning this approach are three basic ���������������3
�����"��������������: economic growth, environmental protection and social prog-
ress. At a strategic level, the remediation of contaminated sites supports the goal of
sustainable development by helping to conserve land as a resource, preventing the
spread of pollution to air, soil and water, and reducing the pressure for development
on greenfield sites. However, remediation activities themselves have their own envi-
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ronmental, social and economic impacts. On a project-by-project basis, the negative
impacts of remediation should not exceed the benefits of the project.

The stakeholders at the 
��� of the decision making process for site remediation are
typically the site owner and/or polluter, whoever is being affected by pollution, the
service provider and the regulator and planner. However, other stakeholders can
also be influential, such as:

•  Site users, workers (possibly unions), visitors;

•  Financial community (banks, founders, lenders, insurers);

•  Site neighbours (tenants, dwellers, visitors, local councils);

•  Campaigning organisations and local pressure groups;

•  Other technical specialists and researchers.
Stakeholders will have their own perspective, priorities, concerns and ambitions re-
garding any particular site. The most appropriate remedial actions will offer a bal-
ance between meeting as many of their needs as possible, in particular risk manage-
ment and achieving sustainable development, without unfairly disadvantaging any
individual stakeholder.

Often the actual or envisaged use of a site to be remediated is already established, for
example for housing, for a retail park etc. In these situations risk management deci-
sion making tends to focus on a set of 
��������� which are closely aligned to meeting
the requirements of the project drivers and the needs of the core stakeholders. How-
ever remediation works can have wider economic, social and environmental effects.
These can be described as ���3
��� effects. The value of remediation projects, in the
context of sustainable development, can be enhanced by selecting whichever reme-
dial option also has the greatest benefit / minimum impact for these non-core effects.

Remediation work for aquifers is not specific for particular end uses of sites. Conse-
quently the overall value of restoring an aquifer, in the context of sustainable devel-
opment over all, is usually considered among the core goals.

For some sites no prescribed end use may have been set when the decision to reme-
diate has been taken. For example remediation may be proceeding as a part of a
larger social regeneration scheme. In these situations the most “sustainable” re-use of
the site should be considered as part of the core goals. Part of this consideration
would necessarily be the wider effects of the remediation routes necessary for par-
ticular site uses.

The aim of the assessment of costs and benefits is to consider the diverse range of
impacts that may differ from one proposed solution to another such as the effect on
human health, the environment, the land use, and issues of stakeholder concern and
acceptability by assigning values to each impact in common units. Deciding which
impacts to include or exclude from the assessment is likely to vary on a site-by-site
basis.

A �"������ technique is one which meets the technical and environmental criteria for
dealing with a particular remediation problem. The issues that affect the suitability of
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a remediation technology for a particular set of circumstances are: the risk manage-
ment application, treatable contaminants and materials, the remedial approach itself
(e.g. can it be used for the constraints of a particular site such as space requirements),
where remediation is to take place (on site, off site, ������", �%����"), the overall strat-
egy employed (for example combinations of different techniques may be used), how
the remediation work needs to be implemented (e.g. ease of verification) and the leg-
acy of the remediation approach used (e.g. are contaminants destroyed, extracted or
removed in some way, or stabilised or contained somewhere on site).

However, it is possible that a proposed solution may appear suitable, but is still not
considered 	�������, because of concerns about its previous performance and the ade-
quacy of its validation, the expertise of the purveyor, its cost, its duration, how veri-
fiable performance is, and its general acceptability to stakeholders who may have
explicit preferences (e.g. that contaminated materials must be dealt with off site). The
duration of remedial solution is a critical factor for their practicability and a major
linkage to the concept of �����&���������'��������� developed by CLARINET.

	��
��"����	�
������������

The decision making process for any problem usually encompasses:

•  An identification phase in which the problem is identified;

•  A development phase in which possible solutions are identified and developed;

•  A selection phase in which the solution to be implemented is chosen;

•  A monitoring phase to prove/disprove that the chosen option or set of options
has been implemented.

 �#���
���"!!
�t can be defined as ‘the assistance for, and substantiation and corrobo-
ration of, an act or result of deciding’; typically this deciding will be a determination
of the best approach. Several "layers" of decision support can be distinguished: the
input information, the tools to assist particular decision making issues, and the over-
all system in which decision making is applied.

Decision support codifies specialist expertise in a way that allows its reproducible
use by many. It integrates specific information about a site and general information
such as legislation, guidelines and know-how, to produce decision-making knowl-
edge in a way that is transparent, consistent and reproducible.

The wide range of existing DS varies from simple diagrams derived from standards
or regulations, to software based systems. Applications have been developed for
contaminated site management, involving the characterisation of contamination, risk
assessment phases, risk management, aftercare and monitoring. In the context of
contaminated land management, the Working Group “Decision Support Tools” has
been using a simple framework to classify DSTs based on four types of category:

1. Functional application. The functional application to contaminated land man-
agement describes whether the decision support is for risk management, reme-
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diation, monitoring and aftercare, sustainable development etc. This deals with
the issues that must be addressed to support the overarching decision. In practice,
a number of DSTs address multiple decision criteria.

2. Analyses used. Several different techniques can be employed to assist environ-
mental decision-making. In practice, many decision support tools use several of
these techniques, or mixtures of different parts of them. For example, software
tools might combine risk assessment and cost-benefit analysis techniques to gen-
erate risk maps, cost comparisons between remedial options and other decision
information, such as optimal risk solutions.

3. Decision making role. The decision making role describes the type of decision
making being supported, e.g. for managing a single site, or for prioritising a
number of sites. This deals with the overarching decision being made at the site.

4. Nature of the product. The nature of the product describes whether the tool is
written guidance; a "map" of some sort, a series of procedures or a software based
system.

���
�������

Contaminated land management is an important issue throughout Europe and the
U.S.A. The need to develop techniques and approaches to improve the decision
making process for reuse and/or remediation of contaminated lands is widely rec-
ognised. As a starting point, to improve communication on this topic, the following
definition is offered. Decision support can be defined as: the� ��������#�� 	
��� ���� �"�(
���������
������#
��
�
����
��
	������#��
�����"���
	���#�����)��$!�#���$��������#���������������
�����������
��
	�
!������
��������!!�
�#�. The decision support process integrates spe-
cific information about a site and general information such as legislation, guidelines
and know-how, to produce decision-making knowledge with the goal of being
transparent, consistent and reproducible.

Finding sustainable technical solutions for contaminated problems is dependent on a
range of parallel considerations. Decisions about which risk management option(s)
are most appropriate for a particular site needs to be considered in a holistic manner.
Key factors in decision making include: the driving forces for the remediation proj-
ect, risk management, sustainable development, stakeholders’ viewpoints, cost effec-
tiveness, and technical feasibility / suitability.

While the risk management paradigm is broadly accepted by technical specialists
and contaminated land professionals as the most appropriate decision making basis
for contaminated land management, this acceptance is not universal for all
stakeholders, particularly “lay” consultees.

All relevant stakeholders should be involved at the earliest possible stage of decision
making. However, decision support techniques - like risk management techniques -
are in their infancy.
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A variety of techniques have been applied in commercial DST products, and yet oth-
ers are under development. The most successful tools tend to be fairly specific, fo-
cusing on providing specialist support for niche decision making, for example de-
termining sampling strategy. More general tools, for example for remedy selection,
are less well developed and accepted. However, the major, and as yet unachieved
goals, for decision support are to be able to:

•  Consider sustainable development and risk management in a mutual and holistic
way, and

•  Support stakeholder engagement in a way that is robust and transparent, even to
lay audiences

The challenge is very tough, because any decision support must not hamper efficient
and cost effective decision making or cause excessive delay. A major concern of core
stakeholders is that, by widening their considerations and their consultees, they run
the risk of stalling the decision making process; or making it so difficult that, for in-
stance, brownfield remediation becomes less attractive.



���&���!	�� &!

While DSTs are now widely used in contaminated land management for a number of
decision making applications, there is a long way to go yet in providing robust, re-
producible and accessible decision support for others. The principle areas requiring
support are:

•  Enabling a diverse and heterogeneous range of research projects applying differ-
ent decision analysis tools to holistic approaches to contaminated land decision
making (this work must include an integrated assessment of all three elements of
sustainable development: economic, environmental and social).

•  Providing a platform for the validation of decision support tools in Europe2. This
should be related to practical decision making in the field and the measurement
or estimation otherwise of the performance and effects of remediation work.

•  Supporting the development of guidance, and perhaps ultimately some kind of
support, for widening stakeholder engagement in contaminated land decision
making, particularly involving “lay” stakeholders

•  Supporting the provision of web based contaminated land information from the
different Member States and the EC in a way that is accessible to, and can easily
be found by, all who are involved in contaminated land management.

                                                

2 The US EPA has already implemented a programme for testing DSTs: the Environmental Technology
Verification Program (ETV) - Sullivan ����� .2000
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Several billion EURO are spent in the EU, as are several billions of dollars in the USA
each year on remediation of land affected by contamination. Decision-making, in the
face of uncertainty and multiple and often conflicting objectives, is a vital and chal-
lenging role in environmental management that affects a significant economic activ-
ity. Although each environmental remediation problem is unique and will require a
site-specific analysis, many of the key decisions are similar in structure. The large
number of contaminated land problems with similar characteristics has led many
countries to attempt to develop “decision support tools” (DSTs) that support the
wide range of decisions related to contaminated land management and re-use using
standard approaches. As part of the standardisation process, attempts have been
made to codify specialist expertise into these decision support tools. The process of
codifying procedures has also been found to be a useful activity for establishing and
rationalising management processes.

The uses envisaged or desired for decision support include:

•  Identifying realistic management choices;

•  Integrating information into a coherent framework for analysis and decision
making, discerning the key information that impacts decision making from the
more basic information;

•  Providing a framework for transparency (i.e. all parameters, assumption, and
data used to reach the decision should be clearly documented) and ensuring that
the decision making process itself is documented;

•  Facilitating reproducible and transparent decision-making;

•  Providing a consistent methodology to compare contamination issues at different
sites and serve as a basis for setting priorities.

,+0� ����#��$����%�����1	�
������������������2�������

This report is a collation of information collected on a voluntary basis from a number
of countries in Europe. The report is not intended to be definitive guidance on the
selection and use of decision support tools. Rather it provides a general introduction
to decision support and its applications for contaminated land management.

The intended audience for this report are all those concerned with the development
and use of decision support techniques for contaminated land management and
those seeking to learn more about decision support principles and techniques, par-
ticularly in Europe.

This report discusses the findings of CLARINET’s Working Group “Decision Sup-
port Tools” work from 1998 to 2001. Over this period, the Working Group conducted
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an extensive survey of CLARINET countries to review both key factors for decision
support and risk management, and to identify examples of decision support tools.
These have been catalogued in a '�#�
�
	���##��� database, which will be made avail-
able through the Internet (linked to the CLARINET web site ����#����������). The
Working Group “Decision Support Tools” has also developed a terminology for de-
scribing decision support and the tools used in this process, and made an analysis of
key issues for decision making in contaminated land management. This framework
has been developed in collaboration with colleagues from the NATO/CCMS Pilot
Study on Remedial Action Technologies for Contaminated Land and Groundwater3

(US EPA, 2000). It was also discussed at the workshop on Decision Support at the
2001 international “ConSoil” conference (BARDOS ������� 2000).

The report reviews the Working Group’s view of the principal decision making crite-
ria for contaminated land management and remediation: driving forces for the reme-
diation project, risk management, sustainable development, stakeholder satisfaction,
cost effectiveness and technical feasibility. Chapter 3 reviews the practice of decision
support, and techniques commonly used to provide analyses for decision making:
environmental risk assessment, multi-criteria analysis, multi-attribute techniques,
cost-benefit analysis, cost effectiveness analysis, life cycle assessment, financial risk
management; and their acceptability in the decision making process. Chapter 4 (and
Annex A) report on a survey of decision support issues carried out over 16 European
countries by Working Group “Decision Support Tools”, and introduces an on line
catalogue of decision support tools. Chapter 6 discusses decision support in the con-
text of the Risk Based Land Management concept developed by CLARINET
(VEGTER ������� 2002). The final chapters contain the reports conclusions and recom-
mendations.

In this report, contaminated land is a general term to describe sites or wider areas of
land where elevated concentrations of chemicals or other substances (contamination),
usually resulting from man’s use of the land, may exist. It focuses on contamination
resulting from past practices, that is historic or legacy contamination. It does not con-
sider decision support for radio-nuclide problems. A workshop on decision making
approaches for the restoration of environments affected by radiological accidents was
held in Brazil in September 1994 (IAEA, 2000), and remediation technology screening
for this is discussed elsewhere (US EPA, 1996c).

                                                

3  The NATO/CCMS Pilot Study on Remedial Action Technologies for Contaminated Soil and Groundwater
Phase 3 is a multi-national forum for the exchange of information on emerging remediation technologies and
technology demonstration.  The Pilot Study is an activity of NATO Committee on Challenges for Modern
Society (Web site: ���!*++�������
����+##��+��	
����,
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There are a number of factors that need to be considered in selecting an effective re-
mediation solution to a contaminated land problem. These include considerations of
core objectives such as risk management, technical suitability, practicabil-
ity/feasibility, cost/benefit ratio and wider environmental, social and economic im-
pacts. In addition, it is also important to consider the manner in which a decision is
reached. This should be a balanced and systematic process founded on the principles
of transparency and inclusive decision-making. Decisions about which risk manage-
ment option(s) are most appropriate for a particular site need to be considered in a
holistic manner. Key factors in decision making, illustrated in Figure 1, include:
Driving forces for the remediation project, risk management, sustainable develop-
ment, stakeholder satisfaction, cost effectiveness, and technical feasibility / suitabil-
ity.

-��"���.*  $����#��	
����#���/"������#��
�
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Most remediation work has been initiated for one or more of the following reasons:

•  To protect human health and the environment. In most countries legislation re-
quires the remediation of land which poses significant risks to human health or
other receptors in the environment such as groundwater or surface water. The
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contamination could either be from “historic” contamination or recent contami-
nation from an industrial process or during transport. Groundwater protection
has in many countries become an important driver for remediation projects.

•  To enable redevelopment. Remediation of formerly used land may take place for
strictly commercial reasons, or because economic instruments have been put in
place to support the regeneration of a particular area or region.

•  To repair previous remediation work or redevelopment projects. Where a past
remediation project has failed, or a redevelopment has been carried out with out
adequate risk assessment / management, further risk management actions may
be necessary. Both situations are often due to inadequate site investigation in the
first instance.

•  To limit potential liabilities. Remediation can take place as an investment to in-
crease the potential value of land. Owners may perceive that a contamination on a
particular site could potentially have an environmental impact, which might
leave them liable to third party actions in the future.

0+7� ���$�����������

A hazard is a substance or situation, such as contamination in the ground, that has
the !
������� to cause harm (e.g., adverse health effects, groundwater rendered unfit
for use, damage to underground structures, etc.) to a particular receptor. Risk is
commonly defined as the probability that such a substance or situation will produce
harm under specified conditions. Risk is a combination of two factors, the probability
of exposure multiplied by the consequence of exposure (PCCRARM, 1997). In the
context of contaminated land management, risk occurs when three components are
present (a source, a receptor and a pathway for that receptor to be exposed to the
toxic substances from the source). Thus, if a hazard exists and there is a chance that a
receptor will come in contact the hazardous material through any pathway, there is a
risk.

Risks to human health that may be caused by contamination are becoming a primary
basis for supporting decisions on remediation throughout the EU and the USA
(USEPA, 1989, USEPA, 1996a, USEPA, 1996b, CLARINET & NICOLE, 1998,
FERGUSON ��� ���� 1998, FERGUSON & KASAMAS, 1999). In this process, risk as-
sessment and the subsequent step of risk management are intimately related ele-
ments that form the basis for decisions on the fitness-for-use approach to land af-
fected by contamination. The goal of risk assessment is to provide an objective, sci-
entific evaluation of the likelihood of unacceptable impacts to human health and the
environment (see also Box 1). The goal of risk management is to support decisions on
risk acceptability for specified land uses and to determine the actions to be taken. It is
the process of making informed decisions on the acceptability of risks posed by con-
taminants at a site, either before or after treatment, and how any needed risk reduc-
tion can be achieved efficiently and cost effectively (FERGUSON ��� ���� 1998,
FERGUSON & KASAMAS, 1999). In this way, the over riding needs for the protec-
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tion of human health and the environment can be clearly identified and work priori-
tised accordingly.

A risk-based approach has been adopted for the management of contaminated land
in many countries (CLARINET & NICOLE, 1998, FERGUSON & KASAMAS, 1999).
The assessment and management of land contamination risks involves three main
components:

•  The source of contamination (e.g. metal polluted soils, a leaking oil drum);

•  The receptor (i.e. the entity that could be adversely affected by the contamination
e.g. humans, groundwater, ecosystems; and

•  The pathway (the route by which a receptor could come into contact with the
contaminating substances).

�
�����
������$� /�A�,

In the United States and Europe, there has been a recent trend to include ecological
risks as a decision variable for contaminated land management.  The process of
ecological risk assessment follows the same paradigm as human health risk as-
sessment with the exception that the receptors are the plants and animals that in-
habit the site. For example, guidance on which receptors should be considered in
ecological risk assessment (USEPA, 1997, USEPA, 2000) and how to manage eco-
logical risks (USEPA, 1999) has been published in the USA and the Netherlands
(FERGUSON ��� ���� 1998, RUTGERS ��� ���� 2000). In Europe the pollutant linkage
paradigm is used to consider human health and risks to other receptors such as
ecosystems, groundwater and even buildings.

A !
��"������������ (see Figure 2) exists only when all three elements are in place. The
probability that a pollutant linkage exists needs to be assessed. Risk assessment in-
volves the characterisation of such a relationship, which typically includes: delinea-
tion of the source, measurement and modelling of fate and transport processes along
the pathway, and assessment of the potential effect on and behaviour of the receptor.
A consideration of risk must also take account of not only the existing situation but
also the likelihood of any changes in the relationship into the future. From a risk
management standpoint, remediation technologies are applied to the control of the
source term and/or the management of contaminants along the pathway.

Risk management is the art of managing environmental contamination so that the
risks posed by contamination are controlled or reduced to levels agreed upon by the
regulators, problem owners, and other stakeholders. Risks should be assessed on a
site-by-site basis to ensure that a site is suitable for its designated use.

In many European countries risk based decision making is primarily used for historic
contamination. Where contamination takes place after agreement of Pollution Pre-
vention and Control (PPC) remediation to pre-contamination levels may be required.
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The concept of sustainable development gained international governmental recogni-
tion at the United Nation’s Earth Summit conference in Rio de Janeiro in 1992. Sus-
tainable development has been defined as: “….  ����
!��������������������������
	����
!������� ����
"�� #
�!�
������� ���� ������$� 
	� 	"�"��� ��������
��� �
� ����� ������ 
��� �����”
(BRUNDTLAND, 1987). Underpinning this approach are three basic elements of
sustainable development: economic growth, environmental protection and social
progress.
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Reducing, removing, modifying, or
destroying the contaminant sources,
(e.g. ������� bioremediation of diesel
contaminated soil)

Preventing the further movement of
hazardous substances ��� �	��� to
receptors, either by removing or
destroying the contaminants or by
preventing the transport pathway
operating (e.g. by pump and treat or
use of a physical barrier)

Protecting the receptor (e.g.
installing an alternative water
source, preventing site access, and
restricting land-use).

������ ��	
��� ��������
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At a strategic level, the remediation of contaminated sites supports the goal of sus-
tainable development by helping to conserve land as a resource, preventing the
spread of pollution to air, soil and water, and reducing the pressure for development
on greenfield sites. However, remediation activities themselves have their own envi-
ronmental, social and economic impacts. On a project-by-project basis, the negative
impacts of remediation should not exceed the benefits of the project.

Remediation objectives typically relate to environmental and health risks and per-
haps performance of geotechnical / construction measures. These may form part of a
larger regeneration project with social and economic aims, such as attracting inward
investment. What is realisable, and the approaches that can be taken, will be subject
to certain site/project specific boundaries, for example the time and money available
for the remediation works, the nature of the contamination and ground conditions,
and the site location. The objectives that can be realised by remediation works repre-
sent a compromise between desired environmental quality objectives and these site-
specific boundaries. This compromise is reached by a decision making process in-
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volving several stakeholders. This decision making process is often protracted and
costly. The objectives set can be said to represent the #
�� of the remediation project4.

Remediation processes are then commissioned to achieve these core objectives. Good
practice is for a number of remedial alternatives to be selected and compared, which
have the potential to meet the core objectives.

However, the core objectives typically do not consider the overall environmental,
economic and social effects of the remediation work to be carried out, i.e. they do not
address its overall value in the context of sustainable development. For example, the
overall environmental value of a project will be a combination of both the improve-
ments desired by the core objectives, and also the wider environmental benefits and
impacts of the remediation work, as illustrated in Figure 3. These wider effects are
not considered by the core objectives, and so can be described as “���3
���”. A
similar analysis can be made for the overall value to social progress and the overall
value for economic growth. The overall value in the context of sustainable develop-
ment is the combination of these overall environmental, social and economic values,
as illustrated in Figure 4.
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In many countries the wider effects of remediation projects are becoming increas-
ingly important in decision making, both as a result of general policy moves to sup-
port sustainable development, and as a result of specific pressures, for example:

                                                

4 While achieving environmental quality objectives will normally underpin any project dealing with
contaminated land, the desired quality objectives selected may be driven by a combination of other technical
criteria and also third party non-technical perception of risk.
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•  Pressure to consider a broader range of environmental effects - avoidance of
transfer of pollutants, and avoidance of nuisance to local neighbourhoods;

•  Pressure to consider a broader range of economic effects - need to demonstrate
value for money, and particularly the added value of projects for example for in-
vestors and planners; and

•  Pressure to consider a broader range of social consequences - to stimulate greater
public and community interest in projects.

It is concerns about wider environmental effects (including resource use) that have
hitherto been leading the debate about “sustainable remediation”, some examples are
given in Table 1, and some examples of decision support tools for assessing wider
environmental effects are described later in this report. Some examples of wider eco-
nomic and social effects are given in Table 2.
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Traffic

Emissions (e.g. volatile organic compounds)

Noise

Dust

Loss of soil function

Use of material resources (e.g. aggregates)
and energy

Use of landfill resources

Restoration of landscape "value"

Restoration of ecological functions

Improvement of soil fertility (e.g. for
some biological remediation tech-
niques)

Recycling of materials
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Impacts on local business and inward in-
vestment

Impacts on local employment

Occupancy of the site

Removal of blight

Community concerns about remedial
approach

Amenity value of the site

Provision of infrastructure5

From a practical viewpoint, decision making for remediation projects tends to be se-
quential. Firstly the core objectives of a project are set (see Box 2). Then a shortlist of
remedial approaches capable of achieving those core objectives is considered. It is
typically at this point that non-core or wider impacts and benefits are considered,
with a view to selecting the remedial approach which, on balance, has the most bene-
fits and the lowest detrimental impact. Of course the final selection will depend on
cost, hence the current international interest in cost benefit tools for decision making.

It is worth noting in most cases some of these “wider” environmental, economic and
social effects will be considered during the “core” of the decision making process.
Which factors are considered as “core” will vary from project to project, depending
on the views and needs of the stakeholders who are at the centre of the decision
making for that particular project.

If the undesirable impacts of these remediation processes exceed the desired benefits
of the core objectives, the core objectives may need to be re-evaluated. If proper risk
management procedures have been followed, along with a thorough cost benefit
analysis and stakeholder consultation (see Section 2.5), the risks of such a situation
arising should be minimised.

At present there are no generally agreed means of carrying out sustainability ap-
praisal for remediation projects. Although approaches to assessing the wider impacts
of individual elements of sustainability (e.g. wider environmental effects) are under
development in several countries, a truly integrated approach has yet to be found.
There is some way to go before an international consensus can be reached about
sustainability appraisal, in the way that agreement has emerged about the principles
of risk assessment and risk management. This is hardly surprising given the complex
interplay of economic, environmental and social factors that affect and are affected
by a remediation project.

This “core / non-core” model is sequential in its nature, in that the core decisions,
which reflect the envisaged use of the site, are made first. Afterwards the wider ef-

                                                

5 For example in the UK a developer may offer the provision of infrastructure as a consideration in its planning
and development negotiations with a local authority.
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fects of the remediation process are considered, and preferably, the reasonable cost
option with the lowest wider impacts is selected. While this model describes decision
making for sites where a firm end-use is envisaged, it is not appropriate as a decision
making framework for the restoration of aquifers. Furthermore, in situations where
end-use is not “fixed”, there may be greater flexibility to consider wider social, eco-
nomic and environmental effects and risk management in parallel.

�����&"6�
����� /�A�0

Core objectives are those remediation objectives that need to be achieved in order
to enable regulatory compliance, redevelopment, repair, limitation of liability.
Typically these are to reduce risks to human health, surface and groundwaters,
ecosystems and construction, to reduce liabilities, or some combination of all of
these factors. They are reached after consideration of site specific factors and con-
straints, and taking into account the views of the stakeholders for that site.

!��3
����
�������������

Non-core considerations are the supplementary effects of, and/or desires for a re-
mediation project that are not addressed by its core objectives. These can include
wider environmental effects (for example use of energy and resources, emissions,
waste generation), wider economic effects (regeneration, removal of stigma) and
wider social effects and community concerns.

Aquifers typically pass through many land boundaries and may be subject to a num-
ber of pollutant inputs. There is a desire to protect aquifers as a resource, even if they
are not in use, or do not present a risk to human health. In this case the groundwater
is both pathway and receptor.

It has been argued that for aquifers the overarching value to society of the remedia-
tion effect desired, compared with the likely costs of achieving it, should be the fun-
damental decision making criterion for aquifer restoration (Environment Agency,
2000). In other words sustainable development criteria should be at the “core” of de-
cision making about aquifer remediation. For example, any action to improve an aq-
uifer below an urban area would be likely to be a massive undertaking, and have a
direct effect on many site owners. It may be that in the case of some urban aquifers
the resources that would need be spent on remediation, assuming it was technically
feasible, are out of all proportion to the value to society of restoring that aquifer as a
resource (BARDOS, 2000).

In many countries there are large brownfield areas for which there is no immediate
economic driver for redevelopment. Often these are associated with primary and ex-
tractive industries that have closed down (BARTON, 2000, HANDLEY, 1996). The
local communities in these areas can be deprived compared with the rest of the
country concerned. In these situations restoration of land may be supported by Pub-
lic Sector funds as a means of regenerating local communities in economic terms and
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alleviating social problems (Groundwork, 2001). Increasingly regeneration of these
areas may not be able to rely solely on attracting new economic activity through in-
ward investment (BARTON, 2000 and 2001). In these situations land restoration
planning can therefore be divorced from firm views of end use. Then land restoration
and sustainable development should become parallel as opposed to sequential con-
siderations. For example, restoration of land for community use may become a tool
for social regeneration (Groundwork, 2001), or the remediation process itself could
be connected with a return of land to some form of economic re-use, for example
biomass production (BARDOS ������� 2001).

0+9� ��$��������������
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The stakeholders at the core of the decision making process for site remediation are
typically the site owner and/or polluter, whoever is being affected by pollution, the
service provider and the regulator and planner. However, other stakeholders can
also be influential (PCCRARM, 1997, SNIFFER, 1999), such as:

•  Site users, workers (possibly unions), visitors;

•  Financial community (banks, founders, lenders, insurers);

•  Site neighbours (tenants, dwellers, visitors, local councils);

•  Campaigning organisations and local pressure groups;

•  Other technical specialists and researchers.

Stakeholders will have their own perspective, priorities, concerns and ambitions re-
garding any particular site. The most appropriate remedial actions will offer a bal-
ance between meeting as many of their needs as possible, in particular risk manage-
ment and achieving sustainable development, without unfairly disadvantaging any
individual stakeholder. It is worth noting at this point that for some stakeholders, the
end conditions of the site are likely to be significantly more important than the actual
process used to arrive at that condition. Such actions are more likely to be selected
where the decision-making process is open, balanced, and systematic. Given the
range of stakeholder interests, agreement of project objectives and project constraints
such as use of time, money and space, can be a time consuming and expensive proc-
ess.  Seeking consensus between the different stakeholders in a decision making pro-
cess is an important factor in helping to achieve sustainable development.

While this report is not intended as guidance on shareholder involvement, it is gen-
erally beneficial to involve all stakeholders believed to have a view early in the deci-
sion-making process. It is almost always counter-productive to present a solution as
a 	�����##
�!�� to a previously unconsulted stakeholder.

However, stakeholder involvement is not without problems. A joint CLARINET -
NATO/CCMS Pilot Study work shop was held at the 7th International FZK/TNO
Conference on Contaminated Soil, Leipzig, September 2000 (BARDOS ��� ���� 2000).
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This workshop concluded that6 while wide stakeholder involvement was important
as early as possible, to facilitate involvement and avoid adversarial positions; such
involvement constitutes a series of challenges for decision making. The challenges
are:

•  The large number of stakeholders who might need to be involved;

•  How to best express the “technical” point of view in a process that is often to a
large extent political, economic and social; and

•  How to “support” the technical specialists so they can recognise the social and
political dimensions of their efforts and identify stakeholders to be involved at an
early enough stage – and facilitate the necessary communication.
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The aim of the assessment of costs and benefits is to consider the diverse range of
impacts that may differ from one proposed solution to another such as the effect on
human health, the environment, the land use, and issues of stakeholder concern and
acceptability by assigning values to each impact in common units. Deciding which
impacts to include or exclude from the assessment is likely to vary on a site-by-site
basis. In many instances, it is difficult to assign a strictly monetary or quantitative
value to many of the impacts. Hence, assessments can involve a combination of
qualitative and quantitative methods (see Section 3.5). It is also useful to include a
sensitivity analysis step, particularly where this encourages decision-makers to
question their judgements and assumptions through the eyes of other stakeholders.

Any good practice approach to the selection process for the remediation of contami-
nated sites needs to consider the costs and benefits attributable between different
options. Many protocols have been developed, as decision support tools, to make
such considerations, systematic, transparent and to a lesser or greater extent, repro-
ducible. Examples of such decision support tools are detailed in Chapter 5.

The performance of remediation represents a significant source of financial risk,
which, if ignored or mismanaged, can have a serious effect on the commercial suc-
cess of a project or business. Financial risk management tools (as opposed to envi-
ronmental risk management) are increasingly being applied to contaminated land

                                                

6 Previously unpublished
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remediation decision making, in particular in a commercial redevelopment context.
Financial risk management relies heavily on accurate forecasts of the probability that
remediation will fail to meet its objectives as well as the associated financial implica-
tions (FINNAMORE, 2000). It has been suggested that such modelling should be in-
teractive, allowing a user to develop optimal scenarios from his or her perspective
(IZATT, S., Personal communications, 2001).

0+-� ��
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A �"������ technique is one, which meets the technical and environmental criteria for
dealing with a particular remediation problem. The issues that affect the suitability of
a remediation technology for a particular situation are:

•  Risk management application;

•  Treatable contaminants and materials;

•  Remedial approach;

•  Location;

•  Overall strategy;

•  Implementation of the approach; and

•  Legacy.

These are outlined further in Table 3.�However, it is possible that a proposed solution
may appear suitable, but is still not considered 	�������, because of concerns about:

•  Previous performance of the technology in dealing with a particular risk man-
agement problem (in the particular region where the technique is being consid-
ered);

•  Availability of services (e.g. water, electricity) and facilities on a site;

•  Ability to offer validated performance information from previous projects;

•  Expertise of the purveyor;

•  Ability to verify the effectiveness of the solution when it is applied;

•  Confidence of stakeholders in the solution;

•  Its duration;

•  Its cost; and

•  Its acceptability of the solution to stakeholders who may have expressed prefer-
ences for a favoured solution or have different perceptions and expertise.

In general, concerns over feasibility/practicability tend to be greater for innovative
remedial approaches, even if these have long standing track records in other coun-
tries. However, it is often these innovative solutions that are seen to offer more in
terms of reducing wider environmental impacts and furthering the cause of sustain-
able development.
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Risk manage-
ment applica-
tion

•  �
"�#�� #
���
�� remedial action either to remove, or modify
the source of contamination

•  6�����$� #
���
� remediation to reduce the ability of a given
contaminant source to pose a threat to receptors by inhibit-
ing or controlling the pathway by modifying its characteris-
tics

•  1��#�!�
��#
���
�)

Treatable con-
taminants and
materials

•  Contaminant(s)

•  Concentration range

•  Phase distribution

•  Source and age

•  Bulk characteristics

•  Geochemical, geological and microbiological limitations

Remedial ap-
proach

Type of remediation system (containment, treatment: biological,
chemical etc) each of which has its own particular strengths and
weaknesses, for example based on space requirements

Location Where the action takes place (e.g.: ������" or �%����", on site or off
site);

Overall strategy For example:

•  Integrated / combined approaches

•  Active versus passive measures

•  Long term / low input (”extensive”) versus short term /
high input (”intensive”)

•  Use of institutional measures (such as planning controls
combined with long term treatments)
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Implementation Implementation encompasses the processes of applying a reme-
dial approach to a particular site and involves:

•  Planning remedial operations

•  Site management

•  Verification of performance

•  Monitoring process performance and environmental effects

•  Public acceptability and neighbourhood relationships (risk
communication and risk perception)

•  Strategies for adaptation in response to changed or unex-
pected circumstances, - i.e. flexibility

•  Aftercare

These activities are significantly different for different choices of
remediation technique, and are likely to be a significant cost
element for a remediation project

Legacy 	�����
���� may be result of a complete biological and/or
physico-chemical degradation of compounds, for example at
elevated temperatures by thermal treatments7.

�A���
���� of contaminants may be brought about by (a) exca-
vation and removal (b) some process of mobilisation and re-
capture or (c) some process of concentration and recovery. ��3

<
���� might be the "ultimate" form of removal.

��"��������� describes where a contaminant remains ������" but
is rendered less mobile and or less toxic by some combination of
biological, chemical or physical processes.

0+.� ���"������&�����	�
��������
�������������$�����������

Typically risks to human health risk and other receptors are used as a first basis for
setting remediation goals. Other decision factors such as technical feasibility and cost
are used to select from amongst different remedial alternatives. In cases when the
desired level of protection for receptors can not be attained due to costs or technical
difficulties in remediating the site, treatment targets may be revisited on a site spe-
cific basis. In rare cases, if the risks are viewed to be large enough, extreme measures
to reduce the exposure pathway may be taken (e.g. evacuation).

                                                

7 Destruction may be incomplete, emissions and wastes are an outcome of all approaches, hence consideration of
the fate of compound should be considered during risk management and selection of remedial approach
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In circumstances where contamination levels exceed general guideline values only
slightly, a site specific risk assessment may be used to achieve a better resolution of
risk management needs. If such a site specific risk assessment indicates that the bene-
fits of risk reduction are only marginal, then cost benefit analysis can be used as a
tool to assess the benefits of the marginal risk reduction required, against the costs
and environmental impacts of achieving this risk reduction. In the context of reme-
diation driven by a regulatory requirement, this cost benefit analysis may be a rea-
sonable argument to set more “appropriate” measures for the contaminated site. For
sites being remediated as a part of a redevelopment project or for commercial reasons
such as reducing potential liabilities or enabling a property transaction, this cost
benefit analysis can be complex. For example it needs to take into account the per-
ceptions of the different actors in the property transaction. A potential buyer may not
be willing to take a site on, even if a regulator has agreed the case for remediation is
marginal. The buyer may perceive a long term commercial risk from the contamina-
tion, arising from, for instance, the possibility of a future change in regulatory per-
spective, the possibility of the site being blighted and loosing value, or the possibility
that the data the decision has been made on is deficient in some way, so that in future
further investigation and even a “repair” might be needed.

Not all contamination problems are necessarily considered in the sequence of setting
risk management goals, and then determining remedial methods. In some cases (as
described in Section 2.4) a broad array of sustainable development needs may be
considered in parallel with risk management.

The view of core stakeholders, of course, controls the risk management decision
making. However, the views of other stakeholders can also be critical. For example, if
a technically feasible solution that protects human health and the environment to
within regulatory limits at an acceptable economic cost is available, but the
stakeholders do not accept this solution, then remediation should not proceed until
concerted efforts to find solution agreeable to all parties have been made. If remedia-
tion proceeds, it is at the risk of having substantial opposition that may cause the ef-
forts to be stopped or modified, which can lead to increased project costs. Examples
of decisions that were acceptable from a technical and regulatory perspective were
not acceptable to all of the stakeholders are relatively common in waste management,
and seem likely to be of increasing significance for land remediation. For example,
siting of new waste disposal facilities and the use of the incineration as a treatment
option have been prevented because of stakeholder concerns.

In circumstances when not all stakeholders readily agree to a proposed solution,
overall agreement depends on maximising the issues where common ground can be
found, and for the others where finding a way forward where there is an agreement
to disagree, otherwise the project is stalled. In cases where there is a regulatory
driver for the project the “core” stakeholders are obligated to reach agreement, even
if this enforced. A stalled regeneration project or an enforcement position are not de-
sirable for many reasons, not least their costs and the resulting delays. The Network
for Industrially Contaminated Land in Europe (NICOLE) concludes that “Those in-
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volved in contaminated land management recognise that the actions that are finally
agreed are the result of a process of negotiation, effectively bargaining, which weighs
the interests of different stakeholders” (NICOLE, 2001).

However, while it is imperative that as wide a range of stakeholders views are con-
sidered and where possible incorporated into the decision-making process, it is
equally important not to pursue an option that is not commensurate with the prob-
lem in hand.   



7� 	��  &!�(==&��

Decision making for environmental contamination problems involves integration of
knowledge from many disciplines. There is also a range of contexts in which deci-
sions have to be made, for example compliance with a regulatory need, enabling re-
development, reducing liabilities, registering and mapping sites, and/or prioritising
use of resources.

Types of management problems might include: dealing with a contaminated site;
prioritising a number of contaminated sites; or setting an overall sustainable devel-
opment strategy for contaminated land management in a particular region. For each
problem-solving role, different functional applications for decision support can be
discerned. For example in managing an individual site, decision support might be
required for: site investigation, risk assessment, risk management, aftercare, moni-
toring, evaluating wider impacts (environmental, economic, etc.) and sustainability
appraisal.

Each has their own suite of decisions. For example, consider the suite of decisions
that have to be made when considering remediation as part of a redevelopment pro-
cess for a particular site.

In a typical analysis, the first step in the process is to collect information about the
site such as location of spills or disposal areas, the type of contamination that can be
expected and the amount of contamination (area, volume, or concentrations). Based
on this information, decisions pertaining to collection of site-specific data on the na-
ture and extent of contamination must be made. These types of decisions include the
number, frequency, and location of samples balanced against the cost of collecting
and analysing the samples and the value of additional data in arriving at a more ro-
bust decision.

Based on the initial site characterisation data, interpolation, extrapolation, and other
modelling techniques are often used to estimate the contamination levels between
measured data locations. This information is often used in human health risk as-
sessments to guide decisions on the need for remedial action (including monitored
natural attenuation). If remedial action is required, decisions pertaining to what areas
to treat and what level of remediation is technically and financially achievable must
be addressed.

Projections of contamination levels often have a high degree of uncertainty (i.e., only
a few data points are available for estimating contamination over large regions). This
uncertainty requires a decision on whether more data is needed to better define the
region requiring remediation or whether to select a different remedy or design the
remediation plan differently.

After remedial actions are complete, monitoring is often required to demonstrate the
effectiveness of the remediation. This requires further decisions on what and where
to monitor, and the duration of monitoring. A similar list of questions could be gen-
erated for other management processes or functions, such as prioritising develop-



CLARINET - Decision Support Tools

Umweltbundesamt/Federal Environment Agency – Austria

26

ment of several contaminated sites or assessing financial risks for sustainable devel-
opment.

It is apparent that there are many specialist underpinning decisions (e.g., what risk
levels are acceptable, what to sample, when to sample, what technologies should be
used, etc) that need to be made before general decisions on the reuse of contaminated
land can be made. Table 4 lists some of the supporting secondary decisions that need
to be made to make the overarching decision on contaminated land management.
Table 4 is illustrative list rather than an exhaustive list.

It is unlikely that any single person will have the knowledge to perform, unaided, all
of the analyses required in supporting all of the decisions pertaining to the manage-
ment of land contamination. Typically, a number of people with different areas of
expertise are involved in interpreting basic information and providing it in a form
useful for others with less expertise in a given area.

Decision support assists the contaminated land decision maker in one or more of the
following ways:

•  Translating the findings of specialised analyses into a form that is usable by deci-
sion-makers with a more general range of skills;

•  Carrying out specialised analyses, either as a labour saving device, as an alterna-
tive to hiring a specialists for each analysis or both;

•  Ensuring that analyses used in decision making are made in a manner that is re-
producible and transparent.

������8*��%��!���:"����
���	
�� �#���
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���1&�� ���et al.,�0333,

�������< �A������ �����

Risk Management What risks may be posed by the contamination now
and in the future (considering the sources, path-
ways and receptors and the significance of any
linkages found)?

What risks may result to workers as part of the re-
mediation effort?

For affected aquifers: their use and importance

How can the risks best be managed?

What are the regulatory criteria?

What are the success criteria for the proposed re-
mediation?

Fate of contaminants

Is there contamination entering the site from out-
side?
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Technical Suitability / Feasibility What specific contamination properties need to be
addressed (e.g., free-phase organics, concentration
ranges, speciation, sorption, toxic by-products,
etc.)?
How will remediation performance be measured?
The availability and suitability of existing informa-
tion for the site
What time-scale is appropriate for remediation?
What is the site availability for remediation works?
What is the size of the site?  What space is available
for remediation operations?
What are the current uses of the site?
Ground conditions (materials, surface conditions,
geology)
Does the remediation need to cope with under-
ground structures, surface demoloition, and/or
work under buildings?
Hydrogeology and groundwater monitoring
Site access, security, services and facilities

Stakeholders’ / Third Parties’
views

What are the adjacent properties, who owns them
and how are they affected?
How will stakeholder communication be managed?
What impact will the remediation have on site oc-
cupants and neighbours?
Restrictions: e.g. planning, covenants, other contract
terms, confidentiality

Sustainable Development What impact will remediation have on other envi-
ronmental compartments and are these acceptable
(wider environmental value)?
Wider economic value
Wider social value
Use of resources, including land resources, for ex-
ample: what in relation to the long-term use of the
site and how this is to change

Costs Capital and operating costs
Balance of costs to benefits/cost-effectiveness
Funding
Restrictions: insurances, liabilities, securities
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An emerging application of decision support techniques is to widen participation in
the decision making process, particularly for encouraging the participation of lay
audiences, for example local communities.

Hence, decision support methods codify expert knowledge and know-how into a
“stored"” method or process. The “stored” process could be written guidance on how
to address a problem or software that helps to analyse the problem. Decision support
methods make use of problem specific specialised information, using some kind of
“stored” expertise to extract from that specialised information a concise representa-
tion of the key decision making issues for that particular problem, as illustrated in
Figure 5. A more theoretical discussion of decision making processes in the context of
land remediation, and a practical case study is provided by OKX & STEIN, 2000.

-
�� �%��!��, consider the decision to select between two
different remedial alternatives. The analyst would start
with knowledge about the nature and extent of contami-
nation. This information would be used to estimate the
volume requiring treatment based on the “stored”
knowledge (e.g., best practice, regulatory limits, cost data,
data management and analysis techniques including in-
terpolation, etc.). This information could then be used as
the basis for the selection and/or design of the remedial
options. For example, “stored” information on typical
remediation costs could be used to estimate likely project
costs. Other knowledge such as the degree of uncertainty
in the volume requiring remediation and the reliability of
the different remedial options could also be evaluated.
The decision maker would then be presented with infor-
mation on costs, probability of success, and what is being
treated for the money spent to support the decision on a
course of action.

-��"���;*����� �#���
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Hence a decision support method necessarily includes interpretative steps which can
be applied to different sets of problem specific data or information. This “stored”
knowledge can be used again and again. Herein lies one of the strengths of decision
support tools, that they facilitate reproducible decision making, or at least reproduci-
ble analyses as a basis for decision making. A good decision support tool should also
be robust, i.e. its “stored knowledge”, should be based on both the state of the art,
and a consensus of specialists in its particular field. A good decision support tool
should also be transparent, both by ensuring that the information input, the stored
knowledge applied, and the decision making information provided are care carefully
documented, along with any assumptions made and any possible limitations on the
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output. Finally, and most obviously, decision support widens the range of tasks that
contaminated land professionals are able to carry out.

These strengths also, unfortunately, contain the seeds of the weaknesses of decision
support methods. They are necessarily limited in flexibility and scope because it is
rarely practical to analyse and cater for the full range of circumstances a user may
need to deal with. They are always at least to some extent subjective, in that they are
based on an underlying set of assumptions and will be biased by the particular per-
spectives of their developer. These perspectives might be, for example, the contami-
nated land policy of the country the in which decision support method was devel-
oped. Finally, if a decision support method does contain an error of some kind, this
error will be propagated on a systematic basis each time the decision support method
is used.

Consequently validation of decision support methods is a crucial step prior to mak-
ing them available, and indeed a fundamental principle throughout the development
of a decision support method. Such validation would typically include: checking that
a suitable range of problems is catered for, ensuring that its interpretative steps are
adequately peer reviewed, ensuring that the interpretation is acceptable to a wide
range of stakeholder groups across whatever region the tool is to be used in, and fi-
nally testing its prognoses against alternative techniques, such as conclusions of in-
dependent specialists using the same input information and data. For example, to
address the issue of quality of decision support software tools, the US EPA exten-
sively tested six different tools on existing environmental contamination problems as
part of their Environmental Technology Verification program (SULLIVAN, 1999a, b,
SULLIVAN, 2000 a, b, c, d).

While the focus of this report is about software and written decision support tools, it
is salient to note that a decision support method might also be a technique or collec-
tion of techniques, such as a consultation process. For example, the UK’s “Changing
Places Programme” was a multi-million EURO programme of restoration of more
than 20 sites. It was carried out by a charitable organisation, Groundwork, using a
mixture of Private and Public Sector funding. A key goal of this programme was to
solicit and maintain community interest and participation in the decisions being
made for land restoration. A variety of techniques to identify and engage local
stakeholders, and to gain their input and commitment to the restoration projects.
Typically these involved a process of identifying who ought to be consulted, out-
reach (usually via local schools) and presentations and workshops based around
scale models of possible restoration goals. Software packages and guidance publica-
tions were of no use to this decision making process, they could not substitute for a
structured programme of engagement over time (Groundwork, 2001).

Figure 6 shows a conceptual framework for information use in decision making and
emphasises that the “system” is the totality of the decision process. This framework
follows the view of the USA Environmental Technology Program (SULLIVAN �������
1997) in that models are not considered as decision support, but rather as input.
Tools, techniques, trees and maps can represent one or more component parts of the
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decision making process, whereas a “system” supports the totality of a particular
decision making process.

Decision support exists within three broad sets of boundaries: the range of technical
possibilities; the level of detail that is appropriate and the legislation and regulations
pertinent to the decision. An effective decision support tool needs to offer options
that are both technically and economically feasible and permitted by regulators, the
public and other stakeholders. In a practical sense, it is equally important that the
level of detail is appropriate. The level of detail provided to the decision-makers
must be sufficiently explanatory, but it must also be readily understood. The impli-
cations of excess detail are not only reducing the helpfulness of the decision support,
but also increasing the cost of the decision support knowledge. Figure 7 illustrates
the needs for different levels of detail for different activities in contaminated land
management.

Decision support
systems

Decision support tools,
techniques, maps, trees

Decision support in-
put: problem specific
information / models
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Decision support methods serve different “classes” of users. For example, some deci-
sion support methods are tools used by specialists, others might be used on a re-
search basis, but perhaps the majority are used by contaminated land management
professionals, for example: site owners, consultants, contractors, regulators.

A further concern that has been expressed, for example at the NATO/CCMS8 Pilot
Study’s special session on Decision Support (US EPA, 2001), is that decision support
methods might make contaminated land problems seem easier to solve, encouraging
decision making by individuals with inadequate professional qualifications. In most
countries the different stakeholders at the core of the decision making process would
appear to safeguard against such inappropriate use of decision support methods. For
example, the regulator would question a poor decision by a consultant. Nonetheless,
by lowering the “entry level” in general for contaminated land decision making, it is
conceivably possible that decision support analyses might be misapplied. It therefore
seems beholden on decision support method developers to adequately explain not
only the functions of their products, but also their requirements in terms of expertise
and their limitations. Table 5 summarises the advantages and disadvantages of using
decision support techniques, found by the NATO/CCMS Pilot Study Special Session
on Decision Support.

7+,� �<��
��������
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������������

Decision support methods help to make the decision making process transparent,
documented, reproducible, (hopefully) robust and provide a coherent framework to
explore the options available.

DSTs are used to support all of the key steps of the contaminated sites management
process (from investigation through remediation and monitoring), with different
DST applied to different steps or groups of steps.  A few examples of these types of
applications include:

•  Providing a visual depiction of the extent of contamination as a means of high-
lighting areas of concern (problem and risk identification);

•  Providing a technical basis for sample selection based on the existing data and the
probability of exceeding a regulatory limit (problem investigation);

•  Defining the volume of remediation required as a function of the confidence in
meeting regulatory goals (For example, one could remediate only at sample loca-
tions that are above the limit. In this case, one would have little confidence that
the entire site is clean. On the other hand, one could remediate the entire site if
any single measured value was above the limit. This would lead to high confi-

                                                

8 NATO/CCMS Pilot Study Evaluation of Demonstrated and Emerging Technologies for the Treatment and Clean
Up of Contaminated Land and Groundwater.  Phase III
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dence that regulatory goals were met, but would be very expensive in most
cases).

•  Providing estimates of current and future human health risks as a function of the
amount of remediation (detailed risk evaluation); and

•  Providing cost-benefit analysis between competing remedial technologies (selec-
tion and implementation of remedial measures).
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Overarching decision support �$����� include the “Model Procedures”, written guid-
ance under development in the UK (DETR & Environment Agency, 2000). Over-
arching decision support systems remain the goal of a number of decision support
software development teams.

The preceding examples focused on addressing issues at a single site. DSTs are also
used to address problems at multiple sites. For example, life cycle cost analysis tools
are useful to examine a range of problems and to identify the problems with the larg-
est life-cycle costs and the areas that lead to the greatest costs. This can be used as
one basis for identifying areas of opportunity to reduce costs.

DSTs have also been used to support litigation. In the USA litigation often occurs
when the responsible party is difficult to identify due to complex geology or multiple
sources. In these cases, DSTs have been used to analyse the data using detailed tech-
nical models, abstract and interpret the model output to address the technical ques-
tions, and present this information (often through visualisation techniques) for use
by a non-technical audience (judge and jury) (GREEN, 2000).

Figure 8 illustrates the stages used to arrive at decision support knowledge for a
typical site. The starting point is to define the objectives for contaminated land man-
agement and the constraints on how to manage the land. For a single site, the objec-
tive may be to remediate the land to a level that is acceptable for residential use. For
a series of contaminated sites, the objective may be to prioritise which sites to reme-
diate first to minimise risks while maximising the amount of land available for use.
In both cases, the constraints could be time, budget, technical feasibility, and public
acceptability. Decision support can then assist the identification of the optimal way
to meet the objectives within the constraints. The stages of the decision support proc-
ess are confined within the dotted lines of Figure 8. These five stages form the basis
for decision support, which uses information abstracted from other (and often more
detailed) analyses. Taking the decision is the responsibility of the decision maker, not
the tool or the system.
1. The first stage in the decision support process is to use experience and site-

specific information (for example relating to the source terms, pathways and re-
ceptors) and site-specific data (for example, soil properties and hydrology). Early
stakeholder involvement is beneficial both to avoid later delay and costs from
subsequent arguments with unconsulted stakeholders and, in many countries, for
reasons of open governance.

2. The second stage uses this information to develop simple conceptual models of
the site behaviour. The conceptual model is the basis for all subsequent analyses.

3. The third stage combines information on the technology being proposed (if any)
and the information used to form the conceptual model. Often all of this informa-
tion is processed in computer software. There are several reasons for the use of
software. First, the sheer amount of data in many problems favours electronic
storage and manipulation. Second, the complexity of the analysis (e.g. geostatis-
tics, groundwater flow and transport, human health risk assessment) requires
many calculations, which can easily be done on a computer. Third, the use of
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computers permits rapid evaluation of the effects of changing parameters or sce-
narios. This may permit uncertainties to be addressed. One perceived limitation
of computers is that people tend to accept computer output as being correct and
therefore not examine the underlying assumptions. A caveat applies to all com-
puter-generated output; the output is only as good as the data and modelling as-
sumptions used by the software. For example to determine the effectiveness of
different remedial options, estimates of contaminant concentrations before and
after remediation may be determined through a combination of data, geostatisti-
cal interpolation and flow and transport models.

4. Usually this information has to be interpreted and analysed in terms of the deci-
sion variable (fourth stage in the process). In this example, the contaminant con-
centrations can be compared to regulatory thresholds and the region that exceeds
the threshold can be defined for each remedial option. The computer software
may facilitate the interpretation and analysis, but it is the responsibility of the
analyst to insure that the analysis is accurate and the output is in a form useful for
decision making.

5. The knowledge supplied to the decision-makers (fifth stage) should be transpar-
ent and readily understandable by different stakeholders, not just specialists. In-
deed, even specialists might struggle with the sheer volume of detail that arises
from many sites, and so require some form of rational abstraction of information
into a more manageable volume and level of detail.

-��"���>* -�
��#�����#
���������������$����!�����������#���
���"!!
���!�
#����1���!����	�
�
?���6���033.,
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Decision knowledge is supplied to the decision-makers, who then evaluate whether
all stakeholders agree that the information provided is sufficient to support a deci-
sion. All environmental decisions are made with some degree of uncertainty. Com-
plete knowledge is never available or attainable, but sufficient knowledge is usually
attainable. If the stakeholders conclude that a decision can not be made, they may
request additional data, improve conceptual models, consider different technologies
or refine the analysis. The process of providing decision support is repeated with the
new information until a decision can be reached. In some cases, it may not be possi-
ble to get all stakeholders to agree to an approach. When this occurs, the process may
be vulnerable to litigation.

There is an element of choice in which stakeholders to involve in the decision-
making process, however some, for example the regulator, will be an obligatory con-
sultee. There is a difficult balance to be drawn between who to involve and who not
to involve. Involving a larger number of stakeholders in decision making will add to
the costs, complexity and duration of decision making. However, there is a /"���!�

/"
, in that this involvement may save future difficulties that might be caused by the
reactions of aggrieved stakeholders who were not consulted early enough.

Figure 8 also includes the idea that using models is ������	��� as decision support.
Rather using models, and modelling techniques and software, is a step in informa-
tion collection that precedes decision making. It is the integration of model results
and their interpretation in terms of the decision variable that supplies decision sup-
port. This is an important distinction and is made on the basis that ��#���
�� �"!!
��
��!����� ������� "������ ��	
�����
�� ���������� �
� �� ������$� 
	� ������
�����. A variety of
stakeholders may play a role in contaminated land decision making. For example,
land owners/problem holders; regulators and planners; site users; those with a fi-
nancial connection to a site; the neighbours to a site including the local community;
the consultants, contractors, researchers and vendors involved in designing and im-
plementing the remediation. In some cases, advocacy groups and pressure groups
may also seek involvement. Clearly, it would be an unlucky site manager who had to
defend his decision making against all of these stakeholders simultaneously, but any
decision made should be clear to them. In particular the site owner and a busy regu-
lator, dealing with a variety of issues, not just contaminated land, will want ��������
information that can be �����$�����/"�#��$ understood.

���� �������������
���	����������

The range of decisions and their inter-relationships lead to a great variety of decision
support approaches. CLARINET WORKING GROUP “DECISION SUPPORT
TOOLS” has found that these address different management problems, different
segments of each problem, and that they operate on a variety of scales and complexi-
ties, using a variety of analysis and techniques. The broad range of decision support
tools available in the USA has been reviewed by SULLIVAN ������ (1997, 1999-2000),
and new methods are regularly announced on the US Environmental Protection
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Agency’s (US EPA) ��#� ���#� service9. The language used to describe decision sup-
port methods has not been found to be consistent by these studies. A common termi-
nology (as far as such a thing is possible), and a general conceptual framework for
describing decision support methods, would greatly assist comparisons of methods
and their applications, particularly in an international context.

������<*�������?������� �#���
���"!!
��

���� �������������	��� 
���������
���������	�� !

'�! A figurative illustration of deci-
sion processes, the route taken
for a decision

�� ���������
��� �
� �������� 
�� !���� ��
�������

�
����! A diagram showing the major
steps in reaching a decision.
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��#���/"� A principal, series of operations
used to assist decision making
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�

� A document or software pro-
duced with the aim of support-
ing decision making, i.e. some-
thing that carries out a process
in decision support
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���� A logical progression of decision
making steps

�������������������#����������

�$���� Variable: for some people “sys-
tem” is synonymous with “tool”
above, for others “system” con-
veys the entire approach to deci-
sion making, including all its
components. For them this to-
tality is the decision support
system, and something that
deals with just a component part
would be a “tool” rather than a
“system”
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The dictionary definition of "decision" is: "the act or result of deciding; the determi-
nation of a trial, contest or question". The dictionary definition of "support" includes,
amongst other things: "to furnish with necessaries, to provide for, to give assistance
to, to advocate, to defend, to substantiate, to corroborate". So for the purpose of pro-
viding clarity "decision support" can be defined as: the���������#��	
����"����������
�����

                                                
9 Information on ��#� ���#� is available at ����#�"(���
��
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	������#��
�����"���
	���#�����)��$!�#���$��������#���������������������������
��
	
���
!������
��������!!�
�#�. Although obvious, it is important to point out that decision
support is NOT the same as taking a decision. The actual ��#����� has to remain the
shared responsibility of those with a legitimate stake in the outcome of the decision,
i.e. the ������
�����. As outlined in Section 2.5.

Decision support can come in the form of written guidance or in the form of soft-
ware. Written guidance is frequently provided by regulatory agencies as a means of
obtaining a standardised, reproducible approach to reaching a decision. Most regu-
latory agencies view written guidance as an essential part of the approach to con-
taminated land management. In many cases, this guidance is translated into com-
puter software to assist in the calculations (e.g., risk assessment). Software tools are
also developed to assist in the decision process for computationally intensive analy-
sis, e.g., flow and transport, geostatistical modelling, and multi-criteria analysis (see
Chapter 5).

The following words are often used in the context of decision support for contami-
nated land management: ��!, ��#���/"�, �

�, ���� or �$����, e.g.. "decision support
tool", "decision support system"��This list is not necessarily exhaustive. General cur-
rent usage is outlined in Table 6.

While the terminology used is on the whole efficient, the use of “system” problem-
atic. It is used to refer to both a component part of the overarching set of decisions
necessary, or the whole set, both meanings are in line with the dictionary definition.

For clarity this report uses just one of the two alternative meanings for “system”,
even although this is more limiting than English language usage. In this report “sys-
tem” conveys the entire decision making approach, including all its components. The
reasons for this selection are that (1) “tool” already conveys the component part defi-
nition, and (2) there are those who believe that general rules can be drawn up for the
overarching system, and not just its component parts. Figure 9 illustrates the distinc-
tion drawn in this report between “tool” and “system”.
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CLARINET uses four categories to describe decision support tools and other ap-
proaches (as shown in Table 7):

•  The decision making role of the approach

•  Functional application, i.e. the contaminated land management application

•  The analytical techniques used in the decision  support approach

•  The nature of the decision support product

The decision making role describes the type of decision making being supported, e.g.
for managing a single site, or for prioritising a number of sites. This deals with the
overarching decision being made at the site.

The functional application to contaminated land management describes whether the
decision support is for risk management, remediation, monitoring and aftercare,
sustainable development etc. This deals with the issues that must be addressed to
support the overarching decision.

Several different techniques can be employed to assist environmental decision-
making. POLLARD ��� ��� (1990) identified the following: life cycle analysis (LCA);
environmental risk assessment (ERA); environmental impact assessment (EIA); cost
benefit analyses (CBA); multi-criteria analysis (MCA); multi-attribute analysis
(MAT); environmental audit; and sustainability appraisal. Some of these techniques
are analyses of environmental information, and some are procedural tools. These
techniques are reviewed in more detail in Section 3.5.
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The nature of the product describes whether the tool is written guidance; a “map” of
some sort, a series of procedures or a software based system. In practice, a number of
decision support tools (DST) address multiple decision criteria. For example, soft-
ware tools might combine risk assessment and cost-benefit analysis techniques to
generate risk maps, cost comparisons between remedial options and other decision
information.

������=*��%��!����
	�#����
�����
	���#���
���"!!
��

Problem Identification

Site investigation

Risk assessment

Risk Management

Aftercare

Monitoring

Evaluating Wider Impacts (environmental, economic, etc)

"���������
�����������

Sustainability appraisal

Identification of problem sites

Prioritisation

Comparison of options
���	���#�$���
%��� Strategy  development

Policy
Site specific functions

Software system
&����������
'������

Written guidance
Flow charts
Protocols and procedures

Environmental risk assessment

Cost benefit analysis

Life cycle assessment

Multi-criteria analysis

Sustainability appraisal

�����	�	�	��

Protocol10

                                                

10 Some decision support tools may not use analyses !��� ��, but are systematic protocols to ensure that similar
considerations are made for each decision.
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The principal analytical tools and techniques so far used to support environmental
decision making for contaminated land management are:

•  Environmental Risk Assessment (ERA)

•  Multi-Criteria Analysis (MCA)

•  Multi-attribute techniques (MAT)

•  Cost-Benefit Analysis (CBA)

•  Cost Effectiveness Analysis (CEA) - at least in the UK

•  Life Cycle Assessment (LCA)

These techniques are discussed in more detail below. Examples of contaminated land
management decision support tools applying these techniques are provided in
Chapter 5.

The EC supported CHAINET Project (European Network on Chain Analysis for Envi-
ronmental Decision Support) has published an extensive report critically reviewing the
various analyses available to support environmental management decision making in
general (WRISBERG ��� ���, 2000), albeit for production systems. However its report
does indicate that there are perhaps a wider range of techniques that could be ap-
plied to contaminated land decision analyses.

Figure 10 presents CHAINET’s conceptual framework for the supply of environ-
mental information for decision making. This framework identifies two broad classes
of analytical tools: those based on physical metrics (parameters capable of objective
measurement) and those based on non-physical metrics. These analytical tools are
applied in procedural tools such as: environmental impact assessments, total quality
management and others. From the perspective of Table 5, it is different implementa-
tions of these procedural tools that constitute the different decision support tool
“products”, such as software, protocols, guidance etc.

One further technique, not covered in detail by CHAINET, is being increasingly used
for contaminated land decision making, particularly for commercial redevelopment
projects. This tool is financial risk management, which is also outlined below.

CHAINET’s choice of categories for non-physical metrics is interesting. Firstly, it in-
cluded a number of quantitative techniques, such as CBA as non-physical metrics. It
is important to understand that a quantitative method is not necessarily one that is
based on objectively measurable parameters. In the case of CBA, assessments are
based on a series of value judgements rather than measurements. Secondly,
CHAINET explicitly identifies regulatory analysis, stakeholder analysis and socio-
economic assessment as analytical tools. However, CHAINET does not offer actual
techniques that carry out these analyses, for example a protocol, which if followed
ensures that a stakeholder analysis or socio-economic assessment has been carried
out. These analyses may be component parts, either explicitly or implicitly, of tech-
niques such as MCA or CBA.
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The CHAINET framework draws the same distinction between processing data and
decision making as Figures 6 and 8 above. Models, or “technical elements” as
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CHAINET describe them, are seen as providing input to decision analyses. The
CHAINET process is illustrated as a sequential decision process. In practice, much
contaminated land management decision making is iterative. For example, in the
USA where there has been an emphasis on using a three step process involving sys-
tematic planning, dynamic work planning and on-site analysis to assist technical de-
cision making at a contaminated site (CRUMBLING, 2000). In this approach, data (for
characterisation or monitoring) are analysed on-site, risk assessments are updated
based on the new data, and the need for additional samples is evaluated and the
work plan is altered to reflect the most recently available data. The approach is in-
tended to provide a more efficient characterisation and better technical support for
decision making compared with following steps in a sequential manner.

The CHAINET framework is predicated on decision making for environmental
sustainability. Sustainability appraisal tools able to consider, in a holistic sense, the
environmental/resource, economic and social elements of sustainable development
of contaminated land decisions remain a conceptual goal.

��(�+� ,������������%�	$�		�		����

Environmental Risk Assessment (ERA) is the examination of risks that threaten eco-
systems, animals, people and other receptors (groundwater, buildings). Human
health risk assessment techniques for contaminated land management decision
making have been developed in many countries, and have been comprehensively
reviewed by CARACAS (FERGUSON ������� 1998, FERGUSON & KASAMAS, 1999).
Developments in ecological risk assessment have been recently reviewed by a
CLARINET conference (ANON, 2001).

��(��� #����-�������������	�	

Multi-criteria Analysis (MCA) is often used in decision making. MCA is a structured
system for ranking alternatives and making selections and decisions. Considerations
used in MCA are: how great an effect is (score) and how important it is (weight). A
general outline of the MCA method is shown in Figure 11. MCA describes a system
of assigning scores to individual effects (e.g. impact on traffic, human health risk re-
duction, use of energy etc). These can then be combined into overall aggregates on
the basis of the perceived importance (weighting) of each score. With MCA, ranking
and decision making processes can be made very transparent (BARDOS ������� 2000,
WRISBERG ������� 2000).

MCA is not an analytical tool in that it directly analyses physical information or
monetary information like the other analytical tools. It rather is an analytical tool at a
higher level, bringing together different considerations in a structured way. How-
ever, techniques such as CBA, CEA and LCA apply MCA principles in their use of
weightings, scoring (valuations) and aggregation.
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MCA describes a range of techniques, and at its most complex might include analy-
ses of individual preferences of stakeholders for weightings and quantitative valua-
tions (such as LCA techniques) for deriving scores11. MCA techniques are widely
used in contaminated land DSTs, as illustrated in the case studies outlines in Chapter
6. No international standardisation exists for MCA.

-��"���..*���D��������"������
	�����'���'���
��1&�� ���et al.,�0333,

��(��� #����-�����.���������)��	

Multi-attribute techniques (MAT) for are a refinement of MCA principles, and have
been extensively reviewed by OKX (1998 and 2001). This brief summary is taken
from OKX, 2001. The majority of decision situations share important similarities.
First, decision-makers evaluate a set of �����������	, which represent the possible
choices. The �./������	 to be achieved drive the design (or screening) of alternatives
and determine their overall evaluation. �����.���	 are the measurements of the ob-

                                                

11 In this scenario MCA approaches are used both in making valuations, and combining different valuations, for
example environmental impacts and costs.
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jectives and specify the degree to which each remedial alternative matches the objec-
tives. Finally, ������� information and ����� judgements jointly establish the overall
merits of each option and highlight the best compromise solution (BEINAT, 1997).
Figure 12 summarises the information that plays a role in a multi-attribute model.

-��"���.0*���	
�����
�������������'"���(������"����
����1&�������.AA=,

The information items are the multi-attribute profiles (��������) allowing measure-
ment of the achievements of the (remedial) alternatives, the value functions (��� �
�E.�����) representing human judgements, the weights (��� �� �E.�����), and the multi-
attribute value function that associates an overall value with each alternative (�1���,�
7E.�����). In this example, the overall merit of a decision alternative is computed as a
weighted sum of single-attribute performances regarding all attributes. Although
this evaluation scheme is very common and widely used, it is important to stress that
it can be applied only under very precise conditions. In particular this additive ap-
proach can be applied only if independence conditions across attributes are met.
This, in turn, calls for a careful structuring of the decision problems and a careful
choice of the attributes.

��(�(� ��	�-0�����������	�	

Cost-Benefit Analysis (CBA) is an economic tool for determining whether or not the
benefits of an investment or a policy outweigh its costs. The tool has a very broad
scope and aims at expressing all positive and negative effects of an activity in a
common unit, namely money (WRISBERG ������� 2000). Economic and environmental
considerations are all expressed as monetary values. Typically, CBA begins with a
determination of which costs and benefits are examined. CBA then tries to value
these costs and benefits and finally weighs them against each other. However, as an
objective environmental decision making tool, CBA suffers from several limitations
(MARTIN ������� 1997, NOBIS 1995a, b):

•  Monetary valuation of environmental benefits and impacts are hard to quantify
on a reliable and consistent basis;
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•  Concerns exist about discounting future effects to net present value, when the
potential for deleterious (or positive) environmental effect in the long term is im-
portant;

•  The appropriateness, or lack of it, of a monetary value for less tangible environ-
mental values e.g. biodiversity;

•  The limitations of converting all decision factors to a single dimension (which
also holds true for LCA based simple indices).

��(�1� ��	�,����������		�����	�	

Cost-effectiveness analysis (CEA) is a simplified derivative of cost-benefit analysis.
The aim of CEA is to determine “… the least cost option of attaining a predefined
target…” without a monetary measurement of benefits (Environment Agency, 1999).
Costs are calculated conventionally and benefits are scored individually. An aggre-
gate score for benefits is then divided by cost to provide a measure of “cost effective-
ness”. The derivation of scores is an application of MCA (see above).

��(�2� 3���������		�		����

CHAINET describes the aim of life cycle assessment as specifying the environmental
consequences of products or services from cradle-to-grave, and its use as studying
different options to supply a given 	"�#��
��(WRISBERG ������� 2000). In the context of
contaminated land, such a function might be the remediation of a contaminated site.
CHAINET describes the main features of LCA as follows:

•  LCA follows a #�����(�
(�������!!�
�#�: all processes connected with the function,
from the extraction of resources until the final disposal of waste, are being con-
sidered.

•  LCA is #
�!����������with respect to the environmental interventions and envi-
ronmental issues considered. ��� !���#�!����, all environmental issues connected
with the function are specified as resulting from extractions, emissions and other
physical interventions like changes in land use.

•  LCA may provide /"���������� or /"��������� results. With quantitative results it is
easier to identify problematical parts of the life-cycle and to specify what can be
gained by alternative ways to fulfil the function.

Figure 13 illustrates the principal steps in LCA. LCA methodology has been stan-
dardised by the International Standards Organisation (ISO 14040 series: ISO 14040,
ISO 14041, ISO 14042, ISO 14043). In outline the typical steps or “phases” of LCA are as
follows (BARDOS ������� 2000a).
                                                

12 �"����!�����: in most applications LCA is subject to a number of simplifying assumptions in order to make the
analysis practically achievable. These simplifications can introduce a large degree of subjectivity into the
analyses.
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The definition of the goal and scope exerts a strong influence on the result of LCA
and encompasses: the purpose of the analysis; the function being considered, the
boundaries of the analysis, the data quality desired and how the analysis will be
validated.

During inventory analysis the process being assessed is broken down into parts, to
allow the impact of each unit operation to be separately considered. This allows a
more exhaustive and objective understanding of the overall process.

The impact assessment is the quantitative and/or qualitative process to characterise
and assess the effects of the environmental interventions/use (resource use, emis-
sions) identified in the inventory table. The different categories of impacts are identi-
fied and classified by type. The impacts in each class are then characterised in a way
that allows their relative effect on different classes of environmental effect to be as-
sessed, for example with respect to global warming potentials, ozone depletion po-
tentials etc. For quantitative assessments these assessments are then normalised in
such a way that they become dimensionless indices, with the same range (e.g. 0 to 1)
for each class. The indices are then capable of being combined, usually with weight-
ings. These processes rely on a series of value judgements. While these may be made
in the basis of “natural science”, they can also be based on the views of different
stakeholders and either implicitly or explicitly will include political or ethical values.

Interpretation includes both the validation of the LCA findings and also the commu-
nication of decision making information.

-��"���.4*�����������������������19���&��D�et al.,�0333,
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��(�4� "��������%�	$#���������

For many businesses, remediation of soil and groundwater has assumed greater im-
portance through its potential to influence liquidity, solvency and overall financial
performance. Others recognise the commercial opportunities that remediation can
generate in terms of enhancing the value of brownfield sites. Whatever the business
case, there are corresponding financial risks relating to a company’s ability to meet
its corporate and project objectives. The precise nature and extent of financial risk
depends on the context in which remediation is undertaken. Where remediation
forms part of an investment project, such as brownfield site reclamation, the under-
lying financial risk surrounds the internal rate of return (IRR) or Net Present Value
(NPV). The IRR, which represents the return that can be earned on the capital in-
vested in a project, can be greatly reduced to a point at which a project becomes non-
viable commercially. The IRR reflects the volatility in the risk - the two factors tend-
ing to show a positive correlation (see Figure 1). NPV represents the present day cost
of some action taken at some time in the future; in essence the present day value of
that distant cost is discounted by the applicable interest rate over that period of time.

��������������	
�������

�������������

   IRR = ~7%

Government lending
e.g. Treasury bonds
(essentially risk-free
investment)

Brownfield
reclamation

������
�		�����
���	��������������������������

��		�����

Built projects

Greenfield
development

������
�		�����
����������
�������������

-��"���.8* ���"������
��
	�����������
����!��������������!�
7�#�����������!�
7�#���##�!�������$
1-����'�����0333,

The effectiveness of remediation can be judged financially in terms of:

•  meeting, or preferably beating, projected cost estimates (���/�����	�	)

•  ensuring timely release of the property asset for income generating use (�������)

•  maintaining, or preferably, enhancing the value of the property (�		�������)

•  increasing the liquidity of the asset (��)������)
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•  reducing/avoiding existing liabilities whilst avoiding creating new liabilities
(��	$����������)

The financial risk associated with remediation stems from an inability, or perceived
inability, to forecast its effectiveness in meeting these project objectives.

FINNAMORE (2000) discusses an analytical approach and methodology, based on
stochastic modelling, to translate the technical risks of remediation into monetary
expressions of risk. This approach provides an invaluable management tool that can
generate real business benefits. Most importantly, commercial decisions - which in-
evitably require a company to take a risk - are made with greater confidence and
certainty. There are then opportunities to optimise the management of risk by con-
tractual mechanisms and structuring of project finance.

��(�5� �������.���������������������	���
���	���#�$���

In practice many DSTs use several analytical techniques, or mixtures of different
parts of them. Environmental decision-making is in its infancy as a general disci-
pline, and so current approaches tend to be fragmented and overlapping (POLLARD
������� 1999, TONN ������� 1999).

The involvement of different stakeholders (e.g. Consultant, community, regulator,
problem owner) in a consistent decision making process is increasingly seen as being
important (POLLARD ��� ���� 1999, ESRC, 1997, PCCRARM, 1997, USEPA, 1995,
USEPA ,1998b). Decision making also has to encompass an increasing range of view-
points and disciplines, not just soil science and environmental engineering but also
economic, political and social aspects.

These analytical decision making techniques should not be seen as providing defini-
tive answers that prescribe which decision to make. Rather they are a component
part of decision making, and judgement must be exercised as to how reliable each
technique (and its subsequent findings) are on a case by case basis. All of these tech-
niques are based on a combination of science and value judgements, perhaps to dif-
fering degrees. They can therefore be seen as subjective by some stakeholders, for
example those who have technical reservations about a particular technique, and es-
pecially those who have not made a contribution to the analysis. It is also important
to realise that the perspective of different stakeholders on even the basic premise of
decision making may be profoundly different. As CHAINET concluded (WRISBERG
������� 2000) stakeholders starting from a precautionary perspective may not be con-
vinced by information from tools which fit a risk assessment perspective. NICOLE,
the Network for Industrially Contaminated Land in Europe, reached similar conclu-
sions in its 200 workshop in IJmuiden (NICOLE, 2000). NICOLE reported that while
risk based decision making was seen as the optimal approach for contaminated land
management by most technical specialists, it was not necessarily seen as appropriate
by other stakeholders such as local communities. Not only is it important to be inclu-
sive about involving stakeholders in decision making in general, it is important to
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reach a consensus as far as possible about the framework and approach to decision
making including the analytical tools used. The advantages and disadvantages of
using these analytical techniques to support decision making are, of course, the same
as those for DSTs in general, summarised in Table 5.

DSTs tend to be written for specialists or at least contaminated land professionals.
Most, if not all, DSTs do not cater for the involvement of “lay” audiences. However, a
number of procedural techniques have been devised for engaging lay audiences and
the public in general, such as citizen juries and opinion polling (SNIFFER, 1999) - see
Box 3. However, there may be no substitute for spending time with people when in-
volving lay “audiences”, as the Groundwork experience illustrates. Often their
wishes and perspectives are different to those that professionals would wish. For ex-
ample, in one of the ��������� 6��#�� programme projects in the UK, Groundwork
found that while the local community, eventually, supported a restoration project
with recreation and conservation as end uses, they did not want woodland to be
planted. This was not what Groundwork had expected, they had thought that rec-
reational woodland would have been popular. The desire not to have woodland was
in fact based on common sense wishes and concerns. For instance, the public wanted
open space where children could play. There was concern that woodland would
make the open space less secure for its users (Groundwork, 2001), by providing cover
for people with criminal intent.

��������	���3��'������������ 0�6�

����7��8	/����	 – Involves major stakeholders in the process of the identifying and
appraising of options - lay people brought together to deliberate on an issue, call
witnesses and come to a verdict.

����7��8	����	��������	 - lay people bought together over a period of weeks to
act as the voice of the community - can turn into a monitoring group once the deci-
sion has been made.

Supporting broad stakeholder involvement seems likely to be of increasing impor-
tance in contaminated land decision making, as more brownfield land is used for
housing and interest increases in “bottom up” decision making to give local commu-
nities a stake in land restoration, for example, to assist social regeneration in de-
prived areas (HANDLEY, 1996, HANDLEY ������� 1998).

Some commentators also believe that the “market” for redevelopment sites for in-
dustry will diminish over time, as economic activity becomes more concentrated as a
function of land area - at least in Europe and North America. This is seen as a conse-
quence of the relative growth of service and knowledge based industries in these re-
gions compared with manufacturing and extractive industries (BARTON, 2000 and
2001). If this is true, the linkage of brownfield land re-use to specific end uses such as
housing, industry etc, may be likely to decline in the long term. BARTON believes
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that this will lead to an increasing use of brownfield land for social rather than com-
mercial purposes.

Hence, while DSTs have made great advances and are now routinely used in con-
taminated land decision making, two major deficiencies in provision are apparent:

•  Tools that facilitate the involvement of lay audiences; and

•  Tools that are able to carry out a sustainability appraisal in a holistic sense, con-
sidering environmental / resource, social and economic aspects (POLLARD �������
2000).

Because the judgements and assumptions that underpin decision support analyses
are so often subjective (i.e. depend on a stakeholder’s perspective), their acceptability
to all will be dependent on a consensus about decision making approach and values
being reached. Hence it seems likely that DSTs able to address a holistic
sustainability appraisal will also have to be capable of engaging stakeholders who
are not contaminated land professionals. Whatever tools are developed, it seems
likely that these will be based on MCA/MAT (OKX, 2001). The technical challenges
of developing such wide ranging MCA will be enormous; the challenge of making
them inclusive and transparent to lay audiences will be even greater.
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The Working Group “Decision Support Tools” conducted a survey of decision sup-
port issues in Europe over 1999/2000 through its participating country representa-
tives. The survey was based on a questionnaire, drawn up by the participants in the
Working Group, covering decision support and risk management issues. The aim of
the questionnaire was to ascertain the current approaches to, and procedures for de-
cision-making for, the remediation of contaminated land in Europe. The question-
naire was broadly organised into the following sections:
•  Decision Making (decision support and decision makers);

•  Risk Management and Risk Assessment;

•  Special Provisions for particular situations;

•  Wider Environmental Effects and Sustainability;

•  Support procedures and Primary drivers for decision-making

16 CLARINET countries took part in the survey: Austria, Belgium (Flanders and
Walloon), Denmark, Finland, France, Germany, Greece, Ireland, Italy, the Nether-
lands, Norway, Portugal, Spain, Sweden, Switzerland and the UK. The responses
were collated and summarised. The country representatives were invited to check
and up-date the final drafted summaries in June 2001. This chapter overviews the
findings of this survey. Its detailed results are presented in Annex A.

(��� �����	�	��%�	���	�	

(���+� 
���	���#�$����������������������#���������

Legislation for the management of a polluted site is usually covered either by con-
taminated land legislation or by waste management legislation. In some countries
legislation and/or regulations for managing contaminated land are still under devel-
opment (Belgium – Walloon, Finland, Portugal). There are some general steps in
contaminated land management are which are common for all of the countries sur-
veyed. These are:

•  initial identification of the problem (including a historical assessment, and thus
the identification of potential sites);

•  investigation of the problem and the need for remediation;

•  identification of actual and potential risks;

•  detailed evaluation of the risk and the identification of the remediation goal;

•  selection and implementation of remedial measures;

•  monitoring of sites following remediation and aftercare.
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Flow diagrams and decision support tools (DST) for decision making are specifically
referred to in some legislative frameworks, and in some countries a sequential series
of actions is described in the framework for contaminated land management. The
flow diagrams vary in both their complexity and the unequivocal nature of the deci-
sion steps within the sequence.

These general decision support systems vary in the detail required to undertake the
risk assessment and in the nature of the guidelines provided. Where decision support
tools are under development there is frequently an attempt to relate to other avail-
able approaches within Europe.  In some circumstances the procedures may outline a
mandatory framework, in others it is advisory and there is reliance upon specialist
knowledge and experience.

,6�����	������������������	��
���	���-#�$����������;<������� 0�6(

�������= Austrian legislation does not provide any tools for decision making. There-
fore the Austrian Standards Institute produced a sequence of guidelines to assist the
management of contaminated sites. A tiered approach of procedures and activities
for the management of contaminated sites using a flow diagram provides a general
guide for dealing with investigation, assessment and remediation of contaminated
land and incorporates a number of standards dealing with subsets of the contami-
nated land problems. The flow diagram provides the framework for decision-
making; the integration of the various steps is provided by the progressive nature
outlined in the flow diagram. In addition a general outline for risk assessments de-
fines guideline values for contaminated land related to the protection of ground-
water resources as well as the safe use of land.

�	��
�����: There are four main stages in contaminated site management in Swit-
zerland:

•  Registering of sites;

•  Preliminary investigation (does the site need remediation? A basic risk evalua-
tion);

•  Detailed investigation (detailed risk assessment, definition of remediation goals,
definition of delays to be expected); and

•  Planning and realisation of remediation including monitoring of the site.

There is a computer based decision support system for the registration of sites and
to support the initial decision on the necessity of an initial investigation. Develop-
ment work is underway for later stages in the process, involving more detailed in-
formation. This will focus in particular on the link between soil and land as a source
of pollution through the unsaturated zone into groundwater.
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The stakeholders involved in decision making vary from country to country (see Ta-
ble 8). In some it is the responsibility solely of either the regulators at the national
level (agencies and administrative bodies), or local administrative bodies (often with
the support and involvement of national environment agencies). In others, particu-
larly in northern and western European countries, there is a clear acknowledgement
that the polluter (both present and historical) has a major responsibility, together
with the site owner and potential developer for the remediation of the contaminated
land. These are the main players are at the heart of the decision-making process, al-
though individuals or companies affected by remedial actions may also be involved.
In addition, financiers and insurers may be involved as the costs of remediation may
affect the value of the assets embodied in the site.

������>*�6����#�!���
����� �#���
�('��������!
������$��
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�������������

Austria Authorities

Landowner

Problem holder

Neighbours in-
volved if linkage is
suspected

Neighbours
informed

Public meetings

Mail circulars, fly-
ers

Internet

Belgium –
Flanders

Site operator/ Site
owner
Or government
(OVAM)

Municipal gov-
ernment

Public meetings

Belgium –
Walloon

Waste Office of
Wallonia

Regional Develop-
ment Administra-
tion

Public Society for
Environmental
Quality Improve-
ment

Denmark Municipalities

Regional Councils

Danish EPA Property owners

Interested par-
ties

Public meetings

Information letters

Finland Authorities from
regional environ-
mental centres

Municipality of Hel-
sinki

Landowners

Polluters

Insurance compa-
nies

 All neighbours Public meetings

Local and national
TV, radio, newspa-
pers

France Departmental pre-
fects

Inspectors of DRIRE

Site own-
ers/Polluter, or
ADEME and the
ministry responsi-
ble for the envi-
ronment (for or-
phan sites)

All stakeholders
including local
population

Specific guid-
ance available

Via representatives
of the population –
Mayor, Public
meetings
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�������������

Germany Local authorities Polluters
Landowners

All those who
may be affected
must be in-
formed

Documentation
available for
public inspection

Greece Government
Regional, local
and prefectural
authorities

Environmental
organisations,
NGOs, industry,
prefectural coun-
cils, citizens, in-
terested parties

Ireland Local planning
authorities,
Department of
Environment and
Local Govern-
ment, EPA, site
developers

Citizens may
make submis-
sions and raise
objections

All information
available to the
public

Italy Regional, mu-
nicipal and pro-
vincial admini-
strations Ministry
for the Environ-
ment for sites of
national interest

Polluter/Site
owner
Regional Envi-
ronment Agen-
cies.
National Envi-
ronment Agency,
Ministry of Health
at sites of national
interest

Trade unions,
environmental
NGOs

Public debates

Media

Nether-
lands

Competent
authorities
Party remediating
the site

Other parties
are encouraged
to be involved if
relevant

Norway Environmental
authorities

Polluter
Owner

Newspapers
Public meetings

Portugal Environmental
and economic
ministries

Universities
Municipalities
Regional authori-
ties,

Government
Industries

Local inhabi-
tants
Environmental
organisations

Newspaper arti-
cles
Conferences

Public debates
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Spain The regional gov-
ernment
Local authorities

Polluter, Owner

Spain
(Catalunya)

The regional gov-
ernment
Local authorities

Polluter, Owner
Consultants, De-
veloper

Neighbours are
informed, if
they are af-
fected

Sweden Information not
collected

Switzerland Federal and local
authorities

Communities and
citizens may be
involved

Communities
and citizens

Register of pol-
luted sites lists
sites and reme-
dial actions –
open to the pub-
lic

United
Kingdom

Landowners and
occupiers
Developers,
Regulators
Practitioners
Financiers and
insurers

Environmental
groups
Local community

Local commu-
nity

 General guid-
ance is available

�������������������������������
�������������������������������

Most countries involve the local community and individual citizens in the decision-
making process (Table 8 and Figure 15) although the extent of involvement in deci-
sion-making varies from country to country. In some there is a formal requirement to
inform and involve local communities in all steps of the process; in others there is the
possibility of local communities being informed and involved. The involvement of
environmental organisations is encouraged in some countries.

,6�����	�����������*������������
���	���-#�$����������;<�0�61

������ A key element in the French policy is the participation of the full range of
stakeholders involved in dealing with contaminated land including the local popu-
lation. There is specific guidance describes how to keep Municipalities and the
population fully informed of the state of play at a contaminated site and actively
involved in the decision making process. The Prefect can decide to inform repre-
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sentatives of the population (for example, the Mayor, environmental organisations
and residents associations) through special meetings called CLIS (Commission of
Local Information and Monitoring) during the whole of the investigation and/or at
the treatment steps. The information should be presented so that is will be widely
understood.

������ ������ Stakeholders involved in the decision making process include all
parties with an interest in land contamination including; land owners, occupiers,
developers, regulators, practitioners, financiers, insurers, environmental groups and
local community groups. Involvement of the local community in the decision mak-
ing process from the earliest stages of the implementation of risk management is
strongly encouraged. An agreed strategy presented in non-technical language is
necessary for genuine communication with all concerned parties in order to gain
public and stakeholder confidence in the approach adopted. A recent publication
from the Environment Agency entitled ‘Consensus Building for Sustainable Devel-
opment’ provides guidance.

The communication of information to non-specialists is widely recognised by coun-
tries as being important, and well-developed protocols exist in Denmark and the
Netherlands. Where responsibility for the actions lies at a local rather than a na-
tional/federal level there may be considerable variability within a country in the
level of involvement and the encouragement of such involvement. There are some
attempts to present the information in a form that the general public will readily un-
derstand, although it is recognised that this is not always possible with some techni-
cal information.

(����� %�	$#���������

In all of the countries surveyed decision-making for the past legacy of contaminated
land is based on risk management principles, using source-pathway-receptor link-
ages, almost always taking in to account current or planned land use. New contami-
nation incidents, such as an spillage from a tanker, may also be dealt with on a risk
management basis. However, an increasing number of industrial, waste management
and other process are coming under Integrated Pollution Prevention and Control
(IPPC) Regulation (IMPEL, 1998). IPPC typically requires that before a process can be
licensed its site must be subject to an investigation. The general presumption, for ex-
ample in Belgium (Flanders) and the UK, is that following any subsequent contami-
nation, the site must be remediated to this “background” condition. (NB if the initial
site investigation indicates contamination under “historic” contamination legislation,
remediation is also likely to be required at this stage).

Risk management principles are used throughout the countries surveyed to make
decisions about remediation approaches, taking into account current or planned land
use. Risk based generic limit values / limit value systems may be used as a basis for
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decision-making in a risk assessment (Table 9). In some countries the limit values are
used as guidelines, in others as fixed standards. Where no national limit values are
available ‘imported’ values from other European or North American countries are
often used. The limit values are in some countries linked to exposure models based
on ecotoxicological criteria, or to different land uses with varying action when limits
are exceeded.

!�������������

Risk assessments are site-specific throughout all countries surveyed and are used to
determine whether or not a risk is acceptable. The risk assessment requires different
levels of precision depending upon the site management step undertaken. Lower
levels of precision are used at the initial site assessment stage with higher levels of
precision for detailed investigations and remediation plan developments. Different
levels of precision for risk assessment are incorporated into the legisla-
tion/regulations of some countries. Where different levels/degrees of risk assess-
ment are identified there is variability in how they are incorporated; they may be
broadly grouped into human health risk and land use related risk. A consideration of
the pathways linked to these receptors is an important element in some cases and in
some cases the risks may also be related to the potential for remediation. There are
variations in the amount of information considered necessary for each step in the
decision making process.

Different levels of stringency are not always provided for in the legislation but may
be used. Generally, lower levels of contamination may be considered acceptable if
there is a sensitive receptor, and higher levels of contaminants may be considered to
be acceptable if the site targets cannot be achieved following BATNEEC13 principles.
In the latter case a change of site end use may be permitted; a risk assessment may be
used to determine land use options.

The ���2
# Working Group on Contaminated Land is an informal coalition of pro-
fessionals from regulatory agencies and government departments with responsibili-
ties for contaminated land management (���!*++�������
#��
"!�#�+). Responses to its
����������/"����
������14 (VISSER ��� ���� 1999) are largely in agreement with the re-
sponses in the Working Group “Decision Support Tools” survey. Site specific risk
assessments are used by most countries surveyed to determine remediation objec-
tives, to assess the need for further investigation and for prioritisation. Some coun-
tries also use risk assessments to validate the results of a remedial action or to dereg-
ister the site. Guideline values are generally used, the principal receptor considered

                                                

13 BATNEEC Best Available Technology Not Entailing Excessive Cost

14 The Amsterdam questionnaire (VROM, 1999) was circulated in 1997 to all of the Ad Hoc Group participants.  It
is an update of the Vienna Questionnaire (1993).  The aim of the questionnaire is to provide basic information
across the following areas: Policy and legislation, Liability, Funding, Information on contamination,
Assessment and prioritisation, Remedial treatment.
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is human health, soil, water and the ecosystem are also considered. However, some
countries were still in the early stages of developing their guideline values.

���
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-��"���.;*��
��"���$����
�������� �#���
�(������

"������������������������������#���������������������������$����

%������������������������������������������������

Most countries report some system for recording the results of risk assessments, al-
though procedures vary widely throughout the countries surveyed. The information
may kept by national or local authorities, recorded in national registers, or form part
of the file of site information. In other countries one would assume that risk assess-
ment reports are kept by the client and technical consultant. In other countries risk
assessment information is made more widely available, particularly to potential pur-
chasers of a site and site developers. For example, in Austria the risk assessment re-
sults of ‘seriously contaminated sites’ are recorded in the Register of Contaminated
Sites. Flemish Belgium too has a Register of Contaminated Sites. There may also be a
requirement to register the changes in risk due to remediation actions.



 Umweltbundesamt/Federal Environment Agency – Austria

60 CLARINET - Decision Support Tools

��
��
��
�A
*��
��
��
��
��
��
�
��
��

�
��

�
��

�
�

�	

�

��
��


�

��
�


�

�
��	


�

	

��
��

��
�
�


�
��


�
�

�	

�

��
�	�

�
��

��
�	

�

�

���
��


�


��

�

�
	�

�

�


��
��

�

�
�
�


�

A
us

tr
ia

C
on

si
d

er
ed

 
im

po
r-

ta
nt

 b
ut

 n
o 

d
ef

in
ed

pr
oc

ed
u

re
s

N
ot

 p
ro

vi
d

ed
 f

or
 i

n 
th

e 
le

g-
is

la
ti

on
G

ui
d

el
in

e 
va

lu
es

 (
tr

ig
ge

r 
va

lu
es

 a
nd

lim
it

 v
al

ue
s)

 u
se

d
 to

 s
et

 ta
rg

et
 v

al
ue

s
R

A
 r

es
ul

ts
 o

f 
‘s

er
io

us
ly

’ 
co

nt
am

in
at

ed
si

te
 

ar
e 

re
co

rd
ed

 
in

 
th

e 
R

eg
is

te
r 

of
C

on
ta

m
in

at
ed

 S
it

es

B
el

gi
u

m
 

–
Fl

an
d

er
s

R
A

 i
s 

pa
rt

 o
f 

a 
D

e-
sc

ri
pt

iv
e 

So
il 

Su
r-

ve
y 

(e
va

lu
at

ed
 a

nd
ap

pr
ov

ed
 

by
O

V
A

M
).

N
ot

 p
ro

vi
d

ed
 f

or
 i

n 
th

e 
le

g-
is

la
ti

on
L

im
it

 v
al

ue
s 

ar
e 

se
t 

fo
r 

5 
d

if
fe

re
nt

la
nd

 
us

e 
ty

pe
s.

 
 

R
em

ed
ia

ti
on

 
is

ob
lig

at
or

y 
fo

r 
p

os
t 

28
/1

0/
95

 
co

n-
ta

m
in

at
io

n,
 a

nd
 i

f 
ri

sk
 i

s 
u

na
cc

ep
t-

ab
le

 fo
r 

p
re

 2
8/

10
/9

5 
co

nt
am

in
at

io
n

D
ec

is
io

ns
 a

re
 r

ec
or

d
ed

 i
n 

th
e 

R
eg

is
te

r
of

 C
on

ta
m

in
at

ed
 S

it
es

B
el

gi
u

m
 

– 
W

al
-

lo
on

R
A

 
ro

le
 

no
t 

ye
t

d
ef

in
ed

In
d

ic
at

iv
e 

va
lu

es
 

w
ill

 
be

 
in

to
 

R
A

to
ol

s 
in

 fo
rt

hc
om

in
g 

le
gi

sl
at

io
n

R
A

 p
ro

ce
d

ur
es

 n
ot

 y
et

 d
ef

in
ed

D
en

m
ar

k
R

A
 a

re
 u

se
d

L
ev

el
s 

an
d

 s
tr

in
ge

nc
ie

s 
u

se
d

d
ep

en
d

 u
po

n 
th

e 
se

ns
it

iv
it

y
of

 th
e 

re
ce

pt
or

G
en

er
ic

 l
ev

el
s 

ar
e 

u
se

d
; 

if
 e

xc
ee

d
ed

th
er

e 
m

ay
 b

e 
a 

ri
sk

N
o 

sy
st

em
at

ic
 c

en
tr

al
 r

ec
or

d
s

Fi
nl

an
d

R
A

 i
s 

ri
sk

 m
an

ag
e-

m
en

t t
oo

l
N

ot
 p

ro
vi

d
ed

 f
or

 i
n 

th
e 

le
g-

is
la

ti
on

B
as

ed
 o

n 
ge

ne
ri

c 
va

lu
es

, o
cc

as
io

na
lly

si
te

-s
pe

ci
fi

c 
ta

rg
et

 le
ve

ls
 a

re
 u

se
d

.
R

A
 r

ep
or

ts
 a

re
 p

re
pa

re
d

 f
or

 d
ec

is
io

n-
m

ak
er

s 
an

d
 r

ec
or

d
ed

 a
s 

pa
rt

 o
f 

re
m

e-
d

ia
ti

on
 p

er
m

it
 r

ec
or

d
s

Fr
an

ce
R

A
 u

se
d

 o
n 

a 
ca

se
by

 c
as

e 
ba

si
s

R
A

 c
an

 b
e 

in
 2

 s
ta

ge
s:

I. 
SR

A
 (

si
m

pl
if

ie
d

 R
A

 w
hi

ch
is

 a
 q

ua
lit

at
it

ve
 m

et
ho

d
) 

an
d

,
if

 
re

qu
ir

ed
, 

fo
llo

w
in

g 
th

e
SR

A
 r

es
ul

ts

II
. 

 D
R

A
 (

d
et

ai
le

d
 R

A
 w

hi
ch

is
 a

 q
ua

nt
it

at
iv

e 
m

et
ho

d
)

G
en

er
ic

 v
al

ue
s 

us
ed

 in
 S

R
A

C
on

su
lt

an
ts

 
un

d
er

ta
ke

 
th

e 
R

A
; 

th
e

ad
m

in
is

tr
at

iv
e 

au
th

or
it

ie
s 

ap
pr

ov
e 

th
e

R
A

 r
es

ul
ts

. 
 T

he
se

 r
es

ul
ts

 c
an

 l
ea

d
 t

o
re

m
ed

ia
ti

on
 a

nd
/

or
 m

on
it

or
in

g.



Umweltbundesamt/Federal Environment Agency – Austria

CLARINET - Decision Support Tools 61

�
��
��
�A
*��
��
��
��
��
��
�
��
��
�1#

�
��
�"
��
,

�
��

�
��

�
�

�	

�

��
��


�

��
�


�

�
��	


�

	

��
��

��
�
�


�
��


�
�

�	

�

��
�	�

�
��

��
�	

�

�

���
��


�


��

�

�
	�

�

�


��
��

�

�
�
�


�

G
er

m
an

y
R

is
ks

 c
on

si
d

er
ed

 i
n

te
rm

s 
of

 
pa

th
w

ay
m

od
el

s

T
ri

gg
er

 v
al

ue
s 

in
d

ic
at

e 
m

or
e 

in
ve

st
i-

ga
ti

on
, 

ac
ti

on
 v

al
ue

s 
in

d
ic

at
e 

re
m

e-
d

ia
ti

on
 r

eq
ui

re
d

R
A

 f
or

m
 p

ar
t 

of
 r

eg
io

na
l 

re
gi

st
er

s 
of

(p
ot

en
ti

al
ly

) c
on

ta
m

in
at

ed
 la

nd
.

G
re

ec
e

R
A

 u
se

d
 o

n 
a 

si
te

sp
ec

if
ic

 b
as

is
N

ot
 p

ro
vi

d
ed

 f
or

 i
n 

th
e 

le
g-

is
la

ti
on

O
E

C
D

 s
cr

ee
ni

ng
 l

ev
el

s 
u

se
d

 w
he

re
ap

pr
op

ri
at

e
E

ur
op

ea
n 

or
 U

S 
E

PA
 a

pp
ro

ac
he

s 
us

ed

Ir
el

an
d

N
o 

le
gi

sl
at

io
n 

on
R

A
N

o 
le

gi
sl

at
io

n 
on

 R
A

N
ot

 u
se

d
 b

u
t m

ay
be

 in
 th

e 
fu

tu
re

L
ic

en
ce

 c
on

d
it

io
ns

 (
In

te
gr

at
ed

 P
ol

lu
-

ti
on

 C
on

tr
ol

 L
ic

en
ce

 o
r 

W
as

te
 L

ic
en

ce
)

m
ay

 b
e 

ba
se

d
 o

n 
a 

R
A

.

It
al

y
Si

te
 

sp
ec

if
ic

 
R

A
 

to
al

lo
w

 
fo

r 
re

si
d

ua
l

co
nc

en
tr

at
io

ns
hi

gh
er

 t
ha

n 
ge

ne
ri

c
lim

it
s

H
ig

he
r 

le
ve

ls
 

m
ay

 
be

 
pe

r-
m

it
te

d
 w

he
re

 g
en

er
ic

 l
im

it
s

ar
e 

no
t 

ac
hi

ev
ab

le
 (

fo
llo

w
in

g
B

A
T

N
E

E
C

)

G
en

er
ic

 l
im

it
s 

ar
e 

us
ed

; 
if

 e
xc

ee
d

ed
th

e 
si

te
 m

us
t 

be
 r

em
ed

ia
te

d
.  

H
ig

he
r

le
ve

ls
 m

ay
 b

e 
pe

rm
it

te
d

 b
y 

si
te

 s
pe

-
ci

fi
c 

R
A

M
un

ic
ip

al
 a

ut
ho

ri
ty

 e
va

lu
at

es
 t

he
 R

A
.

R
ep

or
ts

 a
re

 k
ep

t 
w

it
h 

lo
ca

l 
pl

an
ni

ng
re

co
rd

s,
 

ex
ce

pt
 

fo
r 

si
te

s 
of

 
na

ti
on

al
in

te
re

st
 w

he
n 

ce
nt

ra
l g

ov
er

nm
en

t 
is

 i
n

ch
ar

ge
.

N
et

he
rl

an
d

s
Sp

ec
if

ic
 R

A
 u

se
d

 t
o

as
se

ss
 

th
e 

ur
ge

nc
y

of
 th

e 
re

m
ed

ia
ti

on
.

D
if

fe
re

nt
 le

ve
ls

 a
nd

 s
tr

in
ge

n-
ci

es
 

ar
e 

pr
ov

id
ed

 
fo

r 
d

e-
pe

nd
in

g 
up

on
 th

e 
en

d
 u

se
.

G
en

er
ic

 v
al

ue
s 

us
ed

 a
t f

ir
st

 s
ta

ge
C

on
su

lt
an

ts
 

un
d

er
ta

ke
 

th
e 

R
A

; 
th

e
pr

ov
in

ce
 m

us
t 

ap
pr

ov
e 

th
e 

R
A

 r
es

ul
ts

an
d

 p
ro

po
se

d
 s

ol
u

ti
on

N
or

w
ay

Si
te

 s
pe

ci
fi

c 
R

A
D

if
fe

re
nt

 le
ve

ls
 a

nd
 s

tr
in

ge
n-

ci
es

 a
re

 n
ot

 c
on

si
d

er
ed

 in
 t

he
le

gi
sl

at
io

n 
bu

t m
ay

 b
e 

u
se

d
.

G
en

er
ic

 
va

lu
es

 
us

ed
 

at
 

fi
rs

t 
st

ag
e,

op
er

at
iv

e 
lim

it
 v

al
ue

s 
ar

e 
us

ed
 o

n 
a

ca
se

 b
y 

ca
se

 b
as

is

R
A

 a
re

 t
he

 b
as

is
 f

or
 d

ec
is

io
ns

. 
 F

ile
d

w
it

h 
ot

he
r 

si
te

 in
fo

rm
at

io
n.

 N
o 

sp
ec

if
ic

pr
oc

ed
u

re
s.

Po
rt

u
ga

l
U

S 
E

PA
 a

nd
 C

an
ad

ia
n 

cr
it

er
ia

 u
se

d
w

he
re

 a
pp

ro
pr

ia
te

N
o 

sp
ec

if
ic

 p
ro

ce
d

u
re

s 
at

 p
re

se
nt



 Umweltbundesamt/Federal Environment Agency – Austria

62 CLARINET - Decision Support Tools

�
��
��
�A
*��
��
��
��
��
��
�
��
��
�1#

�
��
�"
��
,

�
��

�
��

�
�

�	

�

��
��


�

��
�


�

�
��	


�

	

��
��

��
�
�


�
��


�
�

�	

�

��
�	�

�
��

��
�	

�

�

���
��


�


��

�

�
	�

�

�


��
��

�

�
�
�


�

Sp
ai

n
L

im
it

 v
al

ue
s 

ar
e 

un
d

er
 d

ev
el

op
m

en
t

N
o 

sp
ec

if
ic

 p
ro

ce
d

u
re

s 
at

 p
re

se
nt

Sp
ai

n 
(C

at
a-

lu
ny

a)
R

A
 i

d
en

ti
fi

es
 i

f 
ri

sk
is

 a
cc

ep
ta

bl
e

So
il 

Q
ua

lit
y 

V
al

ue
s 

ar
e 

fi
xe

d
 f

or
 i

n-
d

u
st

ri
al

 a
nd

 n
on

-i
nd

u
st

ri
al

 u
se

s.
 I

f
ex

ce
ed

ed
 t

he
n 

m
or

e 
in

ve
st

ig
at

io
n 

is
in

d
ic

at
ed

.

N
o 

sp
ec

if
ic

 
pr

oc
ed

ur
es

 
at

 
pr

es
en

t.
C

on
su

lt
an

ts
 

ca
rr

y 
ou

t 
R

A
, 

w
hi

ch
 

is
co

ns
id

er
ed

 i
n 

d
ef

in
in

g 
re

m
ed

ia
l 

ob
je

c-
ti

ve
s

Sw
ed

en
H

az
ar

d
 a

nd
 R

A
 u

se
gu

id
el

in
e 

an
d

 r
ef

er
-

en
ce

 v
al

u
es

.

G
ui

d
el

in
e 

va
lu

es
 

ar
e 

gi
ve

n 
w

hi
ch

m
us

t 
no

t 
be

 
ex

ce
ed

ed
. 

 
R

ef
er

en
ce

va
lu

es
 i

nd
ic

at
e 

‘n
at

ur
al

’ 
ba

ck
gr

ou
nd

le
ve

ls
 (

na
tu

ra
l 

le
ve

ls
 +

 g
en

er
al

 p
ol

-
lu

ti
on

).

Sw
it

ze
rl

an
d

Sp
ec

if
ic

 R
A

 n
ee

d
ed

at
 a

ll 
st

ag
es

D
if

fe
re

nt
 l

ev
el

s 
of

 i
np

u
t 

d
at

a
at

 d
if

fe
re

nt
 l

ev
el

s 
of

 i
nv

es
ti

-
ga

ti
on

L
im

it
 

va
lu

es
 

in
d

ic
at

e 
th

e 
ne

ed
 

to
m

on
it

or
 o

r 
re

m
ed

ia
te

 a
 s

it
e

L
oc

al
 a

ut
ho

ri
ti

es
 u

se
 t

he
 r

es
ul

ts
 o

n 
a

ca
se

 b
y 

ca
se

 b
as

is
; t

he
y 

no
ti

fy
 t

he
 F

ed
-

er
al

 A
ge

nc
y 

of
 r

em
ed

ia
te

d
 s

it
es

 a
nd

m
ea

su
re

s 
u

nd
er

ta
ke

n

U
ni

te
d

 K
in

gd
om

R
A

 d
et

er
m

in
es

 t
ha

t
ri

sk
 a

t 
a 

si
te

 i
s 

ac
-

ce
pt

ab
le

 
ac

co
rd

in
g

to
 

‘f
it

ne
ss

 
fo

r 
pu

r-
po

se
’ p

ri
nc

ip
le

.

R
A

 i
s 

us
ed

 f
or

 h
is

to
ri

c 
co

n-
ta

m
in

at
io

n,
 

re
ce

nt
 

co
nt

am
i-

na
ti

on
 m

u
st

 b
e 

re
m

ed
ia

te
d

 to
pr

e-
po

llu
ti

on
 s

ta
nd

ar
d

s.

N
ot

 
us

ed
. 

So
ur

ce
-p

at
hw

ay
-r

ec
ep

to
r

pr
in

ci
pl

e 
u

se
d

.
R

A
 c

ar
ri

ed
 o

ut
 b

y 
d

ev
el

op
er

s 
co

ns
ul

t-
an

ts
, 

by
 t

he
 r

eg
ul

at
or

y 
ag

en
cy

 i
n 

th
e

ca
se

 o
f 

an
 o

rp
ha

n 
si

te
 o

r 
in

 t
he

 c
as

e 
of

a 
re

gu
la

to
ry

 a
ct

io
n.



Survey of Decision Support in CLARINET Countries

Umweltbundesamt/Federal Environment Agency – Austria

63

,6�����	�����������	��%�	$�		�		�����������;<������� 0�62

&�������'�������(� Fixed, generic and/or other limit values play a role in decision
making; soil standards are set for five different land use types (and varying with
Soil Organic matter and Clay content): - a. Natural; b. Agricultural; c. Residential
areas; d. Recreational Areas; and e. Industrial areas. When the limits are exceeded
on a recently contaminated site (post 28/10/95) remediation is obligatory; for old
sites remediation is obligatory only if the risk is not acceptable.

Legislation and regulation in Flanders do not provide for different lev-
els/stringencies of risk assessment. In case of uncertainty about important pa-
rameters, however, additional measurements can be demanded. According to land
use (and water use) type, different scenarios for receptors are defined, resulting in
different concentrations of contamination that are may be acceptable without pos-
ing a risk.

������ French policy is characterised by two successive steps of assessment, a
simplified risk assessment (SRA) and a detailed risk assessment (DRA). Generic
and/or limit values are used in the SRA to score the level of expected impact as a
function of future land use. National guideline values have been defined for two
end uses (sensitive (residential) and non-sensitive (industrial) uses). Guidelines are
calculated from the main exposure pathways (soil ingestion and soil contact and by
vegetable ingestion for sensitive use). In the first step of the risk assessment (SRA),
only risk for humans and water resources are considered.  If a site is found to be in
Class 1, a second step is then needed. At this level a quantitative assessment is
conducted, taking into account specific receptors such as human health, water
supplies, ecosystems and buildings.

(����� �������'����	���	�������������	��������	

�)������"�����������

There is a considerable body of legislation and regulation relating to the protection of
water and water supplies across European countries, mainly enacting EU Directives.
The focus of the regulation varies from country to country, depending upon the ex-
tent to which sources of water supply are seen as coming from surface or ground-
waters. There is legislation in all countries in relation to drinking water quality, and
this is commonly linked to both current and potential sources. The potential link
between soils/soil processes and water quality is identified in a limited number of
countries. There is regulation in relation to soil uses in broad terms, but only limited
regulation that addresses specific soil uses.
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&������� '�������(��Groundwater vulnerability is taken into consideration when
assessing the need for site remediation

� � The Water Resources Act (1991) and the Groundwater Regulations (1998)
regulate Protection of controlled waters (surface and groundwater). Abstraction of
water requires an abstraction licence, and discharges of or to water to the environ-
ment require a discharge consent.

&��	�����������

The concept of brownfield sites is relatively new in many countries, however there is
an increasing awareness of the nature of brownfield sites and the need to be able to
evaluate the risks at these sites to determine the requirements for remediation and
their potential future uses. Some countries have legislative programmes, or legisla-
tion is planned to consider brownfield sites. In some countries there are financial in-
centives for the successful development of these sites.

,6����������������	��0��>����������	�������;��$���<����?
���	���
�����������	@������ 0�65

&������� '*������(� Brownfield sites are managed by the Regional Development
Administration under the Regional Planning Act and Building Code which consid-
ers rehabilitation. An environmental study is undertaken before rehabilitation in-
volving history, soil, water and gas analysis. This information is discussed with the
site owners to decide upon one of three future actions:

a. More information required; b. Continue with current actions; or c. Change site use.

+�������� Brownfields sites are a new concept in Portugal. The industrial waste
plans include a proposal to create a fund (similar to ‘Superfund’) to rehabilitate the
identified sites.

,�������#�������

The respondents to the Working Group’s survey reported that diffuse pollution is
seldom considered (with the exception of the application of sewage sludge residues
to agricultural land for which there are many national and European controls). The
application of other wastes to soils is likely to be subject to controls similar to those
for sewage sludge as the practice becomes more widespread. There are examples of
agricultural guidance provided through codes of good agricultural practice.

The current thinking is centred on the (perhaps more visible) point source contami-
nated sites such as former gasworks, factories, solvent extraction and recycling
plants, military sites etc. There is some movement towards dealing with the prob-
lems caused by diffuse pollution (which can range from elevated levels of lead and
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polynuclear aromatic hydrocarbons (PAHs) at roadsides to fall out from iron foun-
dries and steelworks which can be spread over a wide area, kilometres from the
source). The issue of diffuse pollution was discussed at the Ad Hoc Working Group
meeting in Copenhagen 1999; it will probably be given more attention in the near
future.

(���(� ;����,������������,�����	

The environmental impacts of the remediation system are considered in most coun-
tries (for example Germany, Netherlands, Portugal) but not specifically in others.
This is effected in different ways. In Switzerland ‘ecobalancing’ is prescribed for the
various possible remedial actions in order to enable selection of the option which
provides optimum environmental impact. In the UK the environmental impact of
remediation processes is controlled through the Waste Management Licensing
Regulations.

,6�����	�����������	��
����	�'���������������;��$���<����������
0�6A

,������ Point source pollution and diffuse pollution are not differentiated in the
Danish Soil Contamination Act (1999) although both are included. The Danish law
considers liability, risks to the environment and costs. Danish thinking is that point
source pollution and diffuse pollution are end members of a continuum.

������ A Council of State Decision gives general guidelines for the re-use of sew-
age sludge with maximum permissible concentrations of some heavy metals ac-
cording to the use of the sludge (agriculture, gardening, landscaping). A Code of
Practice and Guideline Values (permissible concentrations and maximum permis-
sible solubility values) are used to assess the environmental acceptability of the use
of mineral wastes (ash, slag, waste concrete, contaminated soil, etc.) in land con-
struction.

Many countries do not formally consider sustainability and ‘environmental merit’ as
a specific criterion for contaminated land remedy selection. Sustainability is only
specifically mentioned by Switzerland, although there is an implicit recognition that
sustainability is important in most countries. Consideration of wider environmental
impacts (such as “environmental sustainability” and “environmental merit”) is be-
ginning to be considered in some countries (Netherlands, Switzerland and the UK);
they are implicit in some aspects of the planning process. However, wider environ-
mental effects and principles of sustainability are currently considered after the im-
mediately important ‘primary drivers’ such as costs, timescales and feasibility. There
are few objective criteria for judging the secondary drivers for sustainability, envi-
ronmental merit, economic merit and social and community concerns.
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(���1� '������������	�����������	�����$����������������������	

The primary factors driving decision making for risk management reported by the
countries surveyed (see Table 10) are:

•  Cost

•  Flexibility

•  Technical feasibility

•  Planned site use

•  Protection of people

•  Protection of the environment

Cost and feasibility appear to be the major criteria in the determination of remedia-
tion and reuse of contaminated land, particularly for problem site holders. Minimi-
sation of risk to human health and the environment are also important criteria. These
factors would all be taken into consideration in the process of determining a site re-
mediation strategy. The primary concerns and their relative rankings vary depend-
ing upon whether they are viewed from the position of the developer, the commu-
nity/local authority or the regulator.

The reported procedures available to support the selection of remedial approaches
for polluted sites are BAT (Best Available Technology) or BATNEEC (Best Available
Technology Not Entailing Excessive Cost) principles (important in most countries)
and decision support tools such as BOSS and REC (Risk Reduction, Environmental
Merit, Cost) may be used in Flemish Belgium and the Netherlands, respectively.
There is often recommended guidance for risk assessment and management, for ex-
ample:

•  The German ‘Federal Soil Protection Ordinance’ specifies the requirements for
designing a remedial approach for polluted sites;

•  In England and Wales the ‘Model Procedures for the Management of Contami-
nated Land’ will provide recommended approaches.

Analysis of the costs and benefits of the remediation work itself and the different re-
medial approaches that might be employed to reach a given set of core goals are also
an important part of the selection procedure.

(��� �	���
���	��������������	

A number of individual DSTs were identified by the Working Group “Decision Sup-
port Tools” survey, by a web survey by Aquater, and from information provided by
the Brookhaven National Laboratory (BNL) USA. Decision support input products
such as models were also identified. By June 75 DSTs from 14 countries had been
listed. This listing is not comprehensive. Figure 16 summarises the number of DSTs
and models listed so far by country.
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The full listing is available on a web page linked to the CLARINET web site
(����#����������) in the Section for Working Group “Decision Support Tools”. The
listing includes a brief description of each entry and an e-mail contact address and
web link, if available. The listing includes both commercially available products and
DSTs under development. For some countries it also includes written DSTs such as
procedures and protocols. It is open to any stakeholder to extend the information
available.

The web based listing is open to all at no cost, after registration. It is fully searchable,
and can also be added to by DST developers and vendors, regulators and research-
ers15. The listing can be searched by:

•  DST name

•  Country

•  Language (of the DST)

•  The decision making role of the approach,

•  Functional application, i.e. the contaminated land management application

•  The analytical techniques used in the decision  support approach

•  The nature of the decision support product

                                                

15 Entries can also be edited - but only by the person who made the initial entry, or by the webmaster
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This web-based listing will be maintained and monitored until the end of 2001. Its
future existence will depend on the interest shown in it.

(�(� 
�	��		�����������"������	

The CLARINET Working Group’s survey indicates that for evaluation of contamina-
tion at a single site, there is a general commonality of approach that is emerging in-
ternationally, albeit with some differences at the operational level. A similar set of
management tasks has been identified for dealing with land contamination, which
typically include:
a) problem identification (including historical assessment and as a result the identi-

fication of potential sites);
b) problem investigation determination of the need for remediation;
c) risk identification (actual and potential);
d) detailed risk evaluation and the identification of the remediation goal;
e) selection and implementation of remedial measures;
f) monitoring of sites following remediation and aftercare.

Although these tasks have been listed sequentially, in practice efficient implementa-
tion of the process often involves feedback and iteration between them.

A commonality of approach in contaminated land management should not be sur-
prising. The nature of the basic steps of evaluation and remediation are determined
by the practicalities of contaminated site management, which of course is not country
dependent. Decision making in many countries is now increasingly seen as seeking a
balance between “cost” and “benefits”. ‘Costs’ are increasingly seen from an envi-
ronmental as well as an economic perspective. In all countries, resources are limited
so remediation work must show a clear balance of benefits over costs.

Although there is a general commonality in approach to contaminated land man-
agement, differences in the decision making process exists between different coun-
tries and even within different regions of the same country. When this occurs, it is,
generally because of one or more of the following:

•  differences in the applications of general principles (such as which receptors are
to be considered);

•  differences in the use of analytical techniques, datasets and assumptions;

•  differences in priorities for environmental protection;

•  differences in administrative approach;

•  regional variation in characterisation of land, land use, society and economy

•  differences in the level of regulation and guidance available.
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Differences in priorities for environmental protection often underpin the differences in
end use consideration. A major difference between countries is the way in which
groundwater not currently in use is considered as a resource. This can be markedly
different for countries depending on their surface water resources. More generally,
while there is considerable awareness of the need to address issues of sustainability
(wider economic, environmental and social effects), these are explicitly considered
only in a limited number of cases.

Decision support considerations show some regional variation. These variations in-
clude: the extent to which industrialisation and industrial change has occurred, the
attitude to accepting risks, differing social priorities, and the financial and technical
resources that are available to deal with any problems. Both economic factors and the
attitude of society to contaminated land problems determine the resources made
available.

The technical state of the art in contaminated land management has moved forwards
considerably since contaminated land policies in Europe such as those described by
VISSER (1993) were documented. At this time the main policy discussions were on
developing risk assessment and contaminated land management procedures. The de-
veloping situation in Europe in the mid 1990s was documented (MARTIN ������� 1997)
and subsequently by the Ad Hoc Working Group 1996 ���������� :"����
������16

(VISSER �����., 1999). This report indicated that many countries are reviewing and re-
vising their policies to develop practical, effective approaches to the problems posed
by contaminated land, i.e., to seek integrated solutions that combine environmental,
socio-economic and planning viewpoints, while co-operating with market forces and a
long-term perspective. The Amsterdam Questionnaire also reported an increase in the
availability of published guidance for assisting in the selection of remedial options
compared with a previous survey of Ad Hoc group participants.

By the late 1990s the policy frameworks in Europe were largely developed and have
been described in the CARACAS publications:

“Risk Assessment for Contaminated Sites in Europe. “Risk Assessment for Contami-
nated Sites in Europe: Volume 1 Scientific Basis” (FERGUSON ������ 1998) focuses on
scientific aspects of contaminated land risk assessment such as the fundamental con-
cepts of risk assessment, receptors, site and source characterisation, transport and fate
of contaminants, screening and guideline values, models.

“Risk Assessment for Contaminated Sites in Europe: Volume 2 Policy Frameworks”
(FERGUSON & KASAMAS, 1999) summarises the policy backgrounds dealing with
soil protection and remediation of contaminated sites and details how contaminated
land risk assessment and risk management are carried out in the countries which par-
ticipated in CARACAS.

                                                

16 The Questionnaire Survey which preceded the Copenhagen information described above
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This latest survey by the Working Group “Decision Support Tools” provides a snap-
shot of the current thinking in decision support for contaminated land management in
Europe as it is probably fair to say that the group of CLARINET countries can be
taken to represent Europe as a whole. Most countries now have, or are in the process
of having, systems to assist in their decision-making procedures. These are currently
based on the ‘core’ remediation objectives (as described in 2.4 above); the wider envi-
ronmental, social and political effects are taken into consideration but in a non-
systematic way. Work beyond 2001 will probably begin to assimilate the ‘non-core’
objectives into the decision-making framework in a more systematic manner. These
issues will become more prominent as the importance of taking a sustainable devel-
opment based approach becomes increasingly important.



�� ��������	�
����	�����	��������	���	����������

Within this chapter are a number of case studies of decision support tools used in
contaminated land decision making in different countries. These case studies have
been drawn from presentations made to CLARINET, the NATO/CCMS Pilot Study
Evaluation of Demonstrated and Emerging Technologies for the Treatment and Clean
Up of Contaminated Land and Groundwater. Phase III 2000 Special Session Decision
Support and the US EPA Environmental Technology Verification Program. Several of
these DSTs apply more than one decision analysis technique, but have been arranged
across categories to illustrate the range of decision analysis techniques discussed in
Section 3.5.

���� ��������	��	���	��� ! "#	����		�"! ��"��"$��	� �%	��������"$

������ ���$ ��	�"��&� �	�"'	��( � �"	��� �$�"(�)	
��	*���$+���	���',($	
"'��	��-
!������"$.

�!����������$�������� �#���
����������#��(SADA) is an environmental software product
that incorporates tools from various fields - including visualisation, geospatial analy-
sis, statistical analysis, human health risk assessment, cost-benefit analysis, sampling
design, and decision analysis - into an interactive environment. SADA relies mainly on
statistical and geostatistical algorithms (STEWART, 2000) to quantify the nature and
extent of uncertainties in environmental data and various cost-risk methods to provide
objective guidance on key decision analysis needs. SADA provides the information in
a visual form, as two-dimensional (2-D) and three-dimensional (3-D) graphics, to as-
sist the user in data interpretation and provides statistical information about the con-
tamination (e.g., area or volume of contamination, standard deviation, probability of
exceeding cleanup goals). SADA’s assessment capabilities are:

%����%������!���	  �SADA provides the user with a full human health risk assess-
ment module and associated databases. The risk models follow EPA’s ���������������
D"����#��	
���"!��	"���(EPA, 1989) and can be customised to fit site-specific exposure
conditions. Updated toxicological databases and default scenario parameters can be
downloaded over the web directly from SADA. For radioactive and non-radioactive
contaminants, SADA simulates five land-use scenarios (residential, industrial, agri-
cultural, recreational, and excavation) and five exposure pathways (ingestion, inhala-
tion, dermal contact, external [radiation], and food consumption). The exposures re-
sulting from different pathways and contaminants can be summed to provide total
exposure from all contaminants.

-���#�������������		�SADA provides several tools for performing geospatial analysis.
These include methods for measuring spatial correlation among data, modelling spa-
tial correlation, and producing concentration, risk, probability, variance, and cleanup
maps. Among these tools are four geospatial interpolators: ordinary kriging, indicator
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kriging, inverse distance, and nearest neighbour. With these tools, the user can gener-
ate concentration-contour, probability, risk, and remedial design maps.

,��������������	 �SADA’s decision support tools include cost-benefit analysis, de-
fining areas of concern, and sampling optimisation. SADA produces cost-benefit
curves that demonstrate the relationship between the remediation goal (concentration-
or risk-based) and the cost of remediation. Based on the decision rule, SADA estimates
the location of areas of concern. The decision rule includes components such as the
remediation goal, the level of confidence, and whether the goal applies to the entire
site or any part of the site. These areas of concern can then serve as a basis for remedial
action design. SADA allows the user to choose from a variety of strategies for deter-
mining where to collect data in the next round of sampling. Depending on the chosen
geospatial interpolator, the following five strategies are available: adaptive fill, esti-
mate rank, variance rank, percentile rank, and uncertainty rank.

This technology has been independently assessed under the US EPA Technology Veri-
fication Programme (SULLIVAN ������� 2000a). SADA is distributed free via the Inter-
net - ��������"�����"+#��+�� �.

��/� ��������	��	���	��� ! "#	����	���0��

��/��� ��"(��$,��	1����+��%	���	2 '��	�"! ��"��"$��	3��,�)	
4	* "	'�!����-
��"$.

This project has focused on the use of a qualitative approach to the assessment of the
“wider environmental value” (WEV) of remediation work. The difficulty with such
assessments is in achieving objectivity, or at least a perception of fair consideration of
all relevant issues. Different stakeholders are likely to perceive environmental values
in different ways. Attempting to find objective measurements is one of the drivers for
the use of LCA techniques in environmental decision making. However, use of LCA
can be expensive and is a specialised business that may make decision making more
opaque to some stakeholders, even if putatively more objective. In that case the benefit
of objectivity is likely to be lost. The approach suggested by this project was to collect
the input of different stakeholders at a qualitative level (BARDOS ������� 2000a). Find-
ing a consensus across these perceptions could be used as a means of gaining a degree
of objectivity, at least in the context of decision making for a particular project.

Features of this approach are (i) its use of layered sets of choices to remove potential
decision making conflicts, (ii) the recording of these choices as individual rankings
which are combined to provide an overall ranking at the end of the assessment proc-
ess; (iii) consulting more than one stakeholder to gain a degree of objectivity in the
rankings, and (iv) being able to filter rankings of optimal remedial approach to use
effects that are seen, for instance, as “important” or “less important”, “local” or “dis-
tant”, “temporary” or “permanent”. The type of environmental effects that might be
considered by WEV are listed in Table 11.
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This premise of this type of approach is that it does not initially seek to derive a quan-
titative comparison based on putative environmental effects, rather it seeks to find a
consensus view across stakeholder viewpoints, using a transparent and reproducible
framework for supporting discussions, and a simple MCA for collating findings.
Adopting this approach, only in situations where such a qualitative approach is un-
able to achieve consensus would quantitative methods be necessary. Furthermore, the
quantitative technique need only be applied to particular points of disagreement (e.g.
impacts on traffic levels, or atmospheric emissions) rather than as an across the board
technique. This would allow a more transparent and accessible use of quantitative
techniques, rather than an across the board application of what might seem to some
stakeholders a “black box17”. A further advantage of the WEV approach is that it al-
lows consideration of a wider range of environmental effects, in a form that may be
more easily understood by many stakeholders. For example, (1) effects on traffic and
energy use can be directly considered and not sublimated into some universal classifi-
cation such as carbon dioxide emissions (2) concerns which are less tangible, but nev-
ertheless often important can be included in the WEV assessment, such as impacts on
local amenity or landscape.

��/�/� ��( � �"	� '	���	����' �$ �"	�(5"���#&	����($ �")	�$��&0
�	*���$+���	 "
��!������"$.

Decision Aid for Remediation Technology Selection (DARTS) is currently being devel-
oped by the United Nations Industrial Development Organisation at ICS in Trieste
Italy, in particular to support decision making in the former communist countries and
the countries of the Mediterranean Basin. Its aim is to help decision makers (site own-
ers, local community representatives, environmentalists, regulators, etc.) identify and
rank remedial options for particular sites. Identification of options is based on a deci-
sion tree, effectively a sequential progression of choices that can be made for particular
site conditions.

The assessment is based on technical, financial, environmental, and social criteria.
Rankings are based on stakeholder views of the relative importance of different crite-
ria for a particular project. A multi-attribute / MCA technique is then used to combine
how particular techniques compare with each other for each criterion, with
stakeholder views about the relative importance of these criteria for their project
(LODOLO, 2000).

Views on the relative importance of decision making criteria can be collected from a
number of stakeholders, for example: consultants, environmental managers, technol-
ogy providers, policy makers, local community representatives. A “preference func-
tion” is then used to determine a weighting for each criterion based on these view-

                                                

17 I.e. a system into which data and information are pumped in, and an analysis is pumped out with no clear
understanding of what has happened in the analytical process.
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points (alternatively a user can use default values in the system). The weighting can be
changed to assess sensitivity of solution or to reflect different opinions.

The DARTS software draws upon a database of criteria derived for a series of reme-
diation techniques. These criteria are valued on a comparative basis using a numerical
rating of 1 (= better), 2 (= average) or 3 ( = worse) for each technology. Costs for each
technique, duration, ability to reduce particular contaminant concentrations, reliability
and maintenance, and public acceptability are provided as ratings. For example, cost
ratings used are: 1= Less than $110/metric tonne; 2= $110 - $330/metric tonne; and 3=
More than $330/metric tonne. The assessment algorithm used is an “outranking”
method - 6��'��2�� - (BRANS & VINCKE, 1985) which orders the possible deci-
sions in order of their likely acceptability to stakeholders. The algorithm returns a
value that represents the “intensity of preference”.
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Aggravation Factors •  Impacts of materials and organisms added during re-
mediation

•  Impacts of remediation by-products and emissions
•  Impacts of vehicular traffic
•  Noise and vibrations
•  Intrusiveness
•  Impacts of remedial operations on local amenity value

Air and Atmosphere •  Impacts of substances added during remediation
•  Impacts of remediation by-products and emissions

Water Function •  Impacts of substances added during remediation
•  Impacts of remediation by-products and emissions

Ground Function •  Impacts of substances added during remediation on
soil systems

•  Impacts of added organisms on soil systems
•  Impacts of process by-products and emissions on soil

systems
•  Impacts of the intrusion or exclusion of water
•  Soil resource depletion (e.g. organic matter, soil

structural water)
•  Impacts on soil mineralogy of remediation work
•  Impacts on subsurface structure of remediation work
•  Changes in soil function
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Legacy •  Impacts on landscape
•  Impacts on the built environment
•  Infrastructure changes
•  Waste generation
•  Functionality of the site (e.g. restrictions on site use

and possible need for future remediation)
•  Fate of treated contaminants (destruction, versus re-

moval, versus containment /stabilisation , perma-
nence of the solution)

•  Need for long term care
•  Benefits following remediation

Resource and Energy
Use

•  Use of water, taking into account its scarcity
•  Availability of the treated land area for use
•  Recycling / Recovery (water, energy and material re-

sources)
•  Waste minimisation
•  Use of material resources by the remediation work
•  Use of energy
•  Use of landfill resources, taking into account regional

availability
•  Use of energy and materials resources for aftercare

Conservation •  Impacts of organisms added during remediation (e.g.
bacteria, fungi, plants) on ecosystems

•  Impacts on the "quality of nature"
•  Conservation of the built environment and of land-

scape (historical buildings, archaeological sites etc)

��6� ��������	��	���	��� ! "#	����	�7�0���
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The WILMA system has been developed for the German Higher Finance Office (OFD).
It is intended to support selection of the optimal approach to site remediation on the
basis of both economic and “ecological” considerations (WETH, 2000). The technical
rationale for WILMA was developed by a research and development project of the
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Federal Environmental Agency, Germany (UBA) on these wider economic and envi-
ronmental issues (GRIMSKI ��� ��., 1998, Federal Environmental Agency, 1999).
WILMA provides two values whose application is illustrated in Figure 17:

•  A dynamic cost efficiency calculation considering also – expressed in monetary
terms – the loss of use of a contaminated site and the duration of the remediation
measure, and

•  An analysis of the ecological effects of a remediation scheme.

-��"���.=*� �#���
��'�����������9�'��19��2��0333,

WILMA is based on the premise that it is only considering options that will achieve
desired risk management goals. Costs are calculated on the following basis of Table 12.
Ecological effects are valued on the basis of “primary” and “secondary” effects, as
shown in Figure 18. Primary effects are defined as those which can be measured in the
immediate vicinity of the site. The secondary effects are defined as those that have a
regional effect.

With WILMA different use scenarios can be simulated in connection with location
specific factors: “children's playground”, “living use, general”, “park/public green
space”, “fallow area” and “industry and trade area”.

At present WILMA contains data for around 20 of the most common remediation
methods. Its database is designed so that it can be adapted for different regional con-
ditions.
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Cost level Costs of the remediation pro-
cess

Comparative cost
method

static

Expense
level

Benefit due to increased
value of decontaminated site

Comparative
profit method

static

Investment
level

Costs due to different lengths
of time needed for remedia-
tion

Capital value
method

dynamic
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Under a research and development project commissioned by the German Federal En-
vironmental Agency, an assessment system (Land Value Balance) has been developed
for a holistic appraisal of the exploitation of both brownfield and greenfield sites
(GRIMSKI, 2000, Federal Environmental Agency, 1999 and 2000). This technique wid-
ens the economic criteria typically considered by CBA to account of the social dimen-
sion of land depletion in particular. It quantifies the individual qualities of the sites
from the points of view of local authorities and investors, as well as their significance
with regard to ecological issues, urban development and regional structure. Monetari-
sation of the assessment criteria makes it possible to undertake a direct comparison of
the relevant site attributes and the costs and revenues, in order to document as costs
the actual consequences of using the land for commercial purposes.

In order to systematise the complex structure and permit an overall portrayal of the
individual aspects, three assessment perspectives are used. The basic premise is that
every site has a greater or lesser basic suitability for safe use as an industrial site. This
basic suitability is assessed from three different points of view, that of: the local
authority and the investor, and society. The assessment groups follow a different fun-
damental approach in each case as they are based on specific individual interests.

Local authorities and investors value a given site on a target-oriented basis with re-
gard to its economic value, and hence specifically with regard to its marketability and
suitability as a commercial site. The social significance of greenfield and brownfield
sites considers sites both in terms of their ecological significance and as part of a
structured system with urban development and regional structure aspects.

In order to take appropriate account of these different levels of demand, the value at-
titudes of the individual target groups are clearly distinguished from one another in
the following three assessment groups:

•  Site potential: Basic suitability for use as a commercial site from the local authority
point of view;

•  Use potential: Suitability of site for safe commercial use from the investors’ point of
view;

•  Site value from a social point of view.

Site value from a social point of view is itself further divided into three assessment
subgroups:

•  the Ecological value is based on the importance of the site for the natural regime;

•  the Urban development value is defined as the “importance” of the site for the
municipal situation and development;

•  the Regional structure value addresses the “importance” of the site from the point
of view of ideas about the organisation and development of regional structure.

These three subdivisions are subjected to a before and after comparison. The scale of
impacts is determined by the extent to which the value of the impact structure and its
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components differs before and after commercial exploitation; it is denoted as the “site
value delta”.

Site potential, use potential and site value are specified by a set of 26 criteria. Each of
the 26 criteria is first assessed on a five-point or three-point value scale. Allocated
weighting factors are then applied to each of the criteria according to the relative im-
portance.

A monetary value for each of the 26 criteria is calculated. Because there are no market
prices either for the natural assets concerned or for the urban development and re-
gional structure aspects, monetary equivalents have been determined by analogy with
the market. This cost approach expresses each of the 26 assessment criteria and each
score on the five-point scale as a specific value with the unit DM/m2 that can be di-
rectly compared with the individual site preparation costs.

The approach was tested in practical usability trials at local authority level. This study
found that local authority staff found this tool a practical one to use, and that it
brought greater transparency to site decisions and their rationales, for example with
regard to sustainable regional development.
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Recognising the need to take account of the likely costs and benefits in enforcing
groundwater remediation (Environment Act, 1995), the Environment Agency in Eng-
land and Wales has recently published a framework for assessing groundwater reme-
diation alternatives (Environment Agency, 2000).

This CBA methodology is linked directly to existing UK guidance on risk assessment
for contaminated sites. The approach is iterative, starting with high level analysis of
the likely costs and benefits of remedial objective options and the technical ap-
proaches, which are best suited for reaching those objectives. The benefits analysis in-
cludes both private benefits, and if possible wider external benefits (often described as
the value of damage averted by taking action). Valuation of external benefits of reme-
diation is not straightforward, and can include the value of damaged resources, option
values, and intrinsic worth (existence and bequest values). Often, only partial moneti-
sation of some benefits can be practically achieved. However, benefits can be com-
pared with expected annualised costs for achieving overall specific remedial objec-
tives, allowing a preliminary identification of the economically optimal objective. The
framework provides a tool that allows the Agency to “take account of likely costs and
benefits” in exercising its statutory powers, and with which firms and regulators can
negotiate a position that balances their respective concerns (social optimum against
private optimum). Once the remedial objective has been set, and with it the most eco-
nomically attractive approach, technology selection becomes merely a least-cost analy-
sis. In many cases, the hidden costs of certain remedial objectives and approaches are
revealed.
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This DST is a procedure intended to support the selection of the most appropriate
means of remediation to reach a particular set of risk management objectives (Envi-
ronment Agency, 1999). It is intended to follow the selection of a short list of potential
remediation techniques. The procedure can be followed through increasing levels of
complexity depending on need. The first stages are screening and qualitative analyses.
The third stage is a MCA with an associated CEA. The fourth is a CBA. Decision mak-
ers would only proceed as far as needed to clearly identify the most favourable reme-
diation approach. Sensitivity analyses are used as means of checking that the proce-
dures findings are not unduly influenced by specific assumptions and value judge-
ments.

Impacts and benefits are assessed in the following four broad categories, and com-
pared with the projected remediation costs of the remediation work: human health,
environment, land use, and third party or stakeholder concerns.

�#�������������� This first step is intended to ensure that all significant impacts have
been considered in sufficient detail, and to determine the level of complexity of the
analysis required.

:"��������������$���  A summary table of the factors for each theme is drawn up. Fac-
tors are considered in rows and remedial options in columns. Summary tables are
drawn up considering the site before remediation, during remediation and after re-
mediation. At this point entries to the table consist of $�� (there is a �����	�#��� impact);
$��G; �
; and �
G. “Significant” is defined as an “impact that is noticeable”. The subjec-
tivity of this definition is dealt with by suggesting that the views of “other
stakeholders” should be sought.

�
�������'��+���  This stage expands the summary tables of qualitative analysis
into individual tables for each theme (e.g. environment). Scores are assigned for each
option between –100 to +100. No explicit means of deriving scores (e.g. based on LCA)
is put forward. Rather scores are derived by a value judgement based on available in-
formation. For example, considerations might include for groundwater quality the
issue of residual contamination, with the possibility of residual contamination leading
to differences in score of 5 to 20 “points”. The scores can also be given uncertainties
e.g. +/- 10 points, which are derived on a similar basis. The score for each theme is
summed, with a maximum range of –600 to +600 possible for the environment theme.
–400 to +400 is possible for “risks to the public”. These scores are then normalised to –
100 to +100 for each theme (e.g. by dividing by 6 for the environment theme). Scores
for themes can then be summed to give an overall score across all themes.
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The procedure also allows for the weighting of normalised scores, e.g.:

Total =  1.0 x “risks to public”
               0.8 x “environment”
               0.6 x land use
            + 0.4 x stakeholder concerns
                        Total score

Dividing the total MCA score by the remedial option cost is used as a measure of cost-
effectiveness for ranking options.

�&�		The CBA is based on replacing the various MCA scores with more formal valua-
tions. A number of suggestions are provided for deriving these values.
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�����
�������� 5��"���H���
�� �$���� (EVS-PRO) unites interpolation, geostatistical
analysis, and fully three-dimensional (3-D) visualisation tools into a modular software
system. This was developed to address, among other things, sample optimisation and
cost-benefit analysis. EVS-PRO’s capabilities can be used to provide 3-D maps of geo-
logic	 structure, subsurface contamination, and regions containing contamination
above specified threshold levels at a fixed probability level. EVS-PRO can also perform
geostatistical analyses that suggest optimal sample locations for site characterisation
and can estimate volumes and mass of contaminated media for use in cost-benefit
analysis. EVS-PRO can quantify the statistical variation in the contaminant volume
and mass estimates resulting from the current extent of characterisation. EVS-PRO
was developed to meet the needs of the geologist, the environmental engineer, and the
environmental program manager as they relate to the following areas:

���������������*�Determination of optimal locations for collecting data in order to best
determine the spatial extent of contamination at the lowest possible cost.

���������"���
�*�Determination of the spatial extent of contamination. EVS-PRO’s “Min-
Max Plume” technology quantifies the statistical variation in the volume and mass
estimates resulting from the current level of characterisation.

D�
�
�$*�Creation of a 3-D model of the geology of a site and determination of the rela-
tionship between the geology and the contaminant plumes. This information allows
for better-targeted remediation plans that consider the effect of geology on the migra-
tion and capture of contamination. EVS-PRO can also compute plume volumes and
masses on a (geologic) layer basis.

�
��"��#���
�*�Visual presentation of site geology and contamination is critical for
effective communication. EVS-PRO can integrate geologic information, environmental
contamination data, site maps (showing buildings, roads, and other features), and
aerial photographs into a single visualisation. EVS-PRO provides both still and ani-
mated 3-D visualisation.
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This technology has been independently assessed under the US EPA Technology Veri-
fication Programme18 (SULLIVAN ������� 2000d).
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The Danish National Railway Agency and The Danish State Railways carried out the
development project “Environmental and Economical Evaluation and the Optimising
of Contaminated Sites Remediation” from 1997-2000 (ELLEFSEN ��� ���� 2001). The
project had a budget of 16 million Dkk, and was financed by EU’s Life programme
(NO.Env96/Dk/0016) and The Danish Environmental Protection Agency’s “Pro-
gramme for the Development of Technology, Soil and groundwater Contamination”.

The project developed a methodology that includes the total environmental costs and
benefits as decision parameter - together with traditional parameters time, finances
and function. The methodology developed for environmental assessment includes
both general and detailed evaluations, including overall evaluations illustrating reme-
diation costs and benefits. The detailed Environmental Assessment includes evaluat-
ing resources, environment and human beings. The general environmental assessment
can be used for the selection of remediation strategies, while the detailed assessment is
used for documentation of the chosen strategy. The method is based on simplified as-
sessments of the life cycle of the materials and processes, which are part of a remedia-
tion project. The expected environmental costs are compared with the expected envi-
ronmental benefits resulting from the completion of the specific remediation project.
The method has been tested in a number of demonstration projects where increased
knowledge regarding the optimisation of the chosen remediation methods has been
gained.

��;�/� 5�	���	�&�$���	� �%	��',($ �")	�"! ��"��"$��	��� $)	���$�)	5�	��$5��-
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LCA and MCA/MAT techniques have been applied to considering wider environ-
mental impacts in the Dutch “REC” system (NOBIS, 1995a, b), which provides deci-
sion makers with an illustration of likely costs, wider environmental effects and risk
reduction benefits from different remedial options under consideration for a particular
project. Figure 20 (OKX, 2001) provides an example of the REC results for three reme-
dial options for a polluted site:

The MF option (multifunctional option: soil excavation and groundwater extraction)
provides high risk reduction and environmental merit at high costs.

                                                

18 The CBA mechanism is not reported in detail by this report.
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The ICM option (Isolation and Control Management) has a much inferior risk reduc-
tion, a negative environmental merit balance, but is the cheapest option.

An ������" option (biological remediation) provides high risk reduction, intermediate
environmental merit performances at rather low costs.

The selection of a remedial alternative is a multipurpose problem. Ideally, the alterna-
tive selected is that which maximises risk reduction and environmental merit and
minimises costs. However, in practice such an alternative is rare, and therefore the
final selection is usually based on weighing the advantages and disadvantages of each
remedial alternative.

The REC methodology yields the information required for such a weighing. The indi-
ces for R, E and C:

•  indicate the main consequences of remedial operations in a simple, direct manner;

•  introduce a structure to the decision-making process;
•  clarify the situation for the decision-makers and therefore make it easier for them

to arrive at their decision.

The final quality of the remedial alternative in a certain decision context is a function
of the R, E and C indices as well as other factors not associated with the REC method-
ology. This function may either be determined explicitly or will implicitly play a role
in the consultations held between different participants in the decision making proc-
ess.

The REC methodology is also being applied in further DST developments, for example
“Phyto-DSS”. This tool is being developed in an EU supported project. Its aim is to
support the assessment of the potential of phytoremediation in the management of
heavy metal polluted soils. This DST is outlined in an Annex to this report (Annex B).
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The German state Baden-Württemberg has supported the development of a LCA
based tool for the evaluation the potential environmental impacts of soil remediation
options (BENDER ������� 1998, VOLKWEIN, 2000), and in 1999 released a software tool
“Umweltbilanzierung von Altlastensanierungsverfahren” or “Environmental balanc-
ing of soil remediation measures”. This tool links typical environmental data for a
range of remediation unit processes these process data to generic LCA data and to a
LCA model. The calculation of the life cycle impact assessment is automated. Results
of the life cycle impact assessment and the life cycle inventory are transformed to a
“disadvantage factor table”. The aim of this tool is to rank remedial options for a par-
ticular risk management problem in order of the calculated “secondary” environ-
mental effects, i.e. their non-core environmental effects as described in Section 2.4.

The tool is modular, based on a database of generic life cycle inventories (LCIs) for
some 60 unit processes used in remediation projects, for example:

•  Mobilisation/demobilisation of equipment;

•  Transport of persons;

•  Drilling and well construction (including consumption of material);

•  Discharge to groundwater;

•  Groundwater treatment by air stripping;

•  The data for the LCIs is based on "average" equipment and services.

���� �$5��	��( � �"	�,����$	����

This section lists examples of DSTs used for archiving and integrating information, for
the visualisation of information (not strictly a DST function) and procedures to ensure
reproducible decision making. This section also includes specialist decision support
tools, for example to assist in developing site sampling strategies.
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When published, the Model Procedures will set out good practice for the overall proc-
ess for managing contaminated land (DEFRA and Environment Agency, ��� !��!���(
��
�). They combine the tasks carried out when dealing with land which is, or may be,
contaminated into a sequence of risk based steps. This framework incorporates exist-
ing good technical practice for assessing and managing the risks associated with con-
taminated land into a systematic process for identifying, making decisions about and
taking appropriate action to deal with the contamination in a way that is consistent
with UK legislation. The three primary model procedures are:

•  Risk assessment;
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•  Evaluation and selection of remedial measures;

•  Implementation of risk management actions.

These primary procedures are part of a hierarchy of documents, which increases in
complexity and technical detail at each tier. They are to be supported by supporting
secondary model procedures (e.g. Verification of remedial treatments for contami-
nated land) and technical guidance/reports.

����/� � $������)	
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SiteProTM provides environmental decision support by integration of data from multi-
ple sources (spreadsheet, drawing, and database files) into a platform that supports
query operations, data manipulation, and visualisation. SitePro places the information
into a visual context through two-dimensional (2-D) mapping of data and surface
features. SitePro allows analysts to manage and share their site data using a single file.

SitePro’s specific features are categorised as mapping, site assessment and characteri-
sation, and data presentation and reporting. SitePro maps site and facility features
using CAD and GIS features. Enhancement of an existing site map or site feature is
accomplished with SitePro’s map drawing and generation tools. SitePro supports field
data entry and analysis to make field decisions. Users can generate contour maps
during soil and groundwater investigations and soil-gas surveys. Hydrographs and
chemical concentration curves can be generated with SitePro’s graphing tool. Report-
ready boring logs, well construction logs, and geologic cross-sections can be generated
during site characterisation activities to improve site understanding. This technology
has been independently assessed under the US EPA Technology Verification Pro-
gramme (SULLIVAN ������� 1999a).

����6� ��(3 �+>	:��)	
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ArcView® GIS version 3.1 is also a computer-based tool for mapping and analysing
processes and events that are related by their location. Geographic information sys-
tems (GIS) technology integrates common database operations, such as query and sta-
tistical analysis, with the visualisation and geographic analysis benefits offered by
maps. ArcView integrates data from multiple sources (i.e., spreadsheet, drawing, and
database files) into a platform that supports query operations, data manipulation and
visualisation. ArcView can generate two-dimensional maps of data and surface fea-
tures. The 3D Analyst extension provides the capability to layer two-dimensional
maps to provide a quasi–three-dimensional representation of site features (e.g., geo-
logic layers, contamination). This technology has been independently assessed under
the US EPA Technology Verification Programme (SULLIVAN ������� 1999b).
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���!����-I is a geostatistics-based software program intended to provide decision
makers and analysts a means of evaluating environmental information relative to the
nature and extent of contamination in surface and subsurface soils. Key attributes of
the product include the ability to delineate, provide visual feedback on, and quantify
uncertainties in the nature and extent of soil contamination (e.g., concentration distri-
bution, probability of exceeding a soil cleanup guideline); to provide objective recom-
mendations on the number and location of sample locations; and to provide statistical
information about the contamination (e.g., average volume of contamination, standard
deviation, etc.). This technology has been independently assessed under the US EPA
Technology Verification Programme (SULLIVAN ������� 2000c).
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D�
"�������-I�is a decision support system intended to provide decision makers and
analysts a means of evaluating environmental information related to the nature and
extent of contamination in groundwater. Key attributes of the product include the
ability to delineate, provide visual feedback, and quantify uncertainties in the nature
and extent of groundwater contamination (e.g., concentration distribution, probability
distribution of exceeding a groundwater cleanup guideline); to provide objective rec-
ommendations on the number and location of sampling points; and to provide statisti-
cal information about the contamination (e.g., average volume of contamination, stan-
dard deviation, etc.). This technology has been independently assessed under the US
EPA Technology Verification Programme (SULLIVAN ������� 2000b).
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The European oil industries have also developed approaches to decision-making. The
CONCAWE19 have developed procedural guidance for the risk based assessment of
contaminated sites. CONCAWE report that single screening values for each contami-
nant must necessarily assume the most severe exposure conditions, i.e., “conservative
multi-functionality”. Thus it is important to develop a range of scenarios that are
closer to the likely exposure to potential receptors and so determine a different set of
RBSLs for each scenario. The user of the RBSLs should evaluate which set to use in
their risk assessment. In addition, RBSLs can be used in the Site Conceptual Model to
eliminate areas that represent no significant risk

The CONCAWE guidance is a three-tiered approach to corrective action decision-
making. Tier One describes the initial assessment of the site, which involves gathering
general data including potential sources of contaminants, obvious evidence of con-
                                                

19 CONCAWE is the The CONservation of Clean Air and Water in Europe industry network or “the European
Downstream Oil Industry’s Organisation for Health, Safety and the Environment), ����#
�#������
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tamination, land use, presence of potable groundwater, etc., and identification of the
pathways by which contaminants could reach populations and environmental recep-
tors. The chemical data is compared with Risk Based Screening Levels (RBSL) – a con-
servative set of trigger values for soil and groundwater which, if exceeded, indicate
that further study is required - and any other relevant criteria. Tier Two and Three are
refinements of the process which take into consideration site-specific details, including
identification of potential environmental and human receptors and possible pathways.
These pathways are then modelled to prepare quantitative risk estimates that can be
compared with acceptability criteria. There is an option at the end of the tiers to de-
velop a corrective action programme based on remediation to the newly derived Site
Specific Target Levels (QUERCIA & MARIOTTI, 1998).

��?� ���$�8 � $&	��	��( � �"	�,����$	����

Although there is a general commonality in approach to contaminated land manage-
ment, differences in the decision making process exists between different countries
and even within different regions of the same country. When this occurs, it is, gener-
ally because of one or more of the following:

•  differences in the applications of general principles (such as which receptors are to
be considered);

•  differences in the use of analytical techniques, datasets and assumptions;

•  differences in priorities for environmental protection;

•  differences in administrative approach;

•  regional variation in characterisation of land, land use, society and economy.

These differences tend to mean that decision support tools intended for an operational
application are not always directly transferable from country to country. Another im-
portant reason that DST are not always transferable between countries is that it may
be difficult to judge the suitability and quality of the tool for use in a different country
unless the tool has received extensive documentation, application, verification testing
and peer review in that country. Table 13 presents the key transferability issues, pro-
viding examples in terms of analysis of soil or groundwater contamination. However,
the major issues still apply to other types of analysis (e.g. Life cycle analysis, multi
criteria analysis, etc).

Differences in applications of general principles can, for example, include whether or
not ecological impacts are explicitly included in guideline values. Other differences
include the characterisation and treatment of uncertainty in the decision process and
how end uses are categorised and then considered for risk assessment tools.
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Documentation of
models and as-
sumptions

Are the model assumptions reasonable and appropriate?
Analysis of environmental problems requires conceptualisation
of the ‘real world’ into a conceptual model that permits analysis
using a computer. This conceptualisation process involves a
number of assumptions. It is important for the models and as-
sumptions to be thoroughly documented to permit an evalua-
tion of the models relevancy to specific problems.

Multiple lines of
reasoning

Can the model address uncertainty in data and model parame-
ters? The variability in natural systems makes analysis difficult.
Often, multiple approaches can be used to define the extent of
contamination. Models that can easily provide multiple realisa-
tions of the problem can help address uncertainty issues.

Applications on
similar problem

Has the model been successfully used for similar applications?
Successful application of a tool on similar problems can build
confidence in the tool.

Validation /
benchmarking

Has the model been validated or benchmarked?  Comparison
of model predictions with analytical solutions (validation) and
predictions of other accepted models (benchmarking) can
build confidence in the model.

Ease of use Is the software easy to use? Some software has features that
improve the usability of the product. For example, it is ad-
vantageous to use software that allows data to be imported or
exported in many formats, to write scripts to perform repeti-
tive tasks, to generate reports, to document all model parame-
ters, and to generate hardcopy graphics and visualisations.
Software that is easy to use is more efficient at using the ana-
lyst’s time.

Training and tech-
nical support

Are training and technical support available? Many of the DS
tools require specialised expertise (i.e., flow and transport
modelling, geostatistics, human health risk). Training and the
availability of technical support to address non-routine issues
are crucial for effective use of many tools.

Efficiency and
range of applica-
bility

Is the model flexible enough to handle other problems that you
might encounter in the future? Some DS tools are limited to
specific problems or a narrow range of problems while others
can simulate a wide range of problems. The tool must be ap-
plicable to the set of conditions anticipated for the analysis.
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In addition, DST are not always transferable between countries because it may be dif-
ficult to judge the suitability and quality of the tool for use in a different country un-
less the tool has received extensive documentation, application, verification testing
and peer review in that country.
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Risk Based Land Management (RBLM) is a strategy for contaminated land manage-
ment in which environmental risks are assessed and minimised. RBLM, as used by
CLARINET, is a phrase with a broad meaning. Its three main components are defined
thus (VEGTER �����., 2001):

Risk describes the possibility of any adverse environmental effects from contamina-
tion. The aim for sustainable contaminated land management is to decide what risk is
unacceptable and when and how to reduce it. Risk reduction is used in order to return
contaminated land to an economically viable condition.

Land represents an area with geographical boundaries – it is assumed to be an area
such as a single industrial site, or a region such as municipality. In this sense, land in-
cludes groundwater as contaminated land can impact on ground and surface water
and vice versa.

Management is a set of activities involving decisions about issues such as assessment,
remediation, land-use restrictions, monitoring, spatial planning, and aftercare. In the
context of risk management it is a much broader activity that ‘selecting a remedial
technique’ - it includes all aspects of developing and implementing a sustainable ap-
proach.

CLARINET's general approach is that Risk Based Land Management is a framework
for the integration of two assessments:

•  The timetable for remediation: Priority setting based on current risks and Society's
needs to change the use of contaminated land.

•  The design of the solution: to meet all requirements in a sustainable way, including
environmental effects, available space and facilities, local perceptions and other is-
sues.

The two key strands of RBLM are the time frame for remediation and the choice of
solution. These strands are independent and have a strong bearing on both risk man-
agement decision making and implementation as the range of available solutions is
almost always critically dependent on the time available for the risk management to
become effective.

The critical considerations in the choice of solution have already been discussed above.
What is interesting is the linkage of the choice of solution with the time frame for re-
mediation. Solutions can be considered in terms of: the urgency of the action and the
time available for a risk management process to be effective. These considerations are
often linked. For instance, actions may be urgent because:

Risk assessment indicates a severe problem.

The site owner has their own pressing need for a project to take place, for example the
site is to be redeveloped and sold, the site owner wants to rapidly increase the value of
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his property portfolio, or a site owner wants to deal with the negative impact on his
business of a particular environmental problem.

There are pressing social reasons for re-use of land, for example for social regeneration
of a deprived area.

The urgency of a site remediation is therefore a function of one or more of these envi-
ronmental, economic and social factors, and for most large projects a function of a
combination of all of them.

The Public and Private Sector resources that can be directed towards contaminated
land management are finite. Indeed they are often relatively limited, and to increase
them would not be a sustainable development as they would be withdrawn from
other deserving problems, or might be crippling for the businesses concerned. As re-
sources are limited, dealing with risk management problems may need to be �� �� -
$ ��', so that the most urgent solutions are dealt with first.

However, it may also be prudent not to rely strictly on urgency as a means of ordering
contaminated land decision making and action. As a rule of thumb, the greater the
amount of time available for remediating the site, the greater the range of applicable
solutions, and the greater the feasibility of low cost long term (��$�"� !�) solutions
(reviewed in VIK�������� 2001). There are several consequence of this line of reasoning,
as follows.

1) While the most urgent sites should clearly be dealt with first, and perhaps com-
mand the lion’s share of resources, all of the sites prioritised will have significant
problems, otherwise they would not have been “detected” as risk management prob-
lems. There may be a case for investing the remaining budget in lower cost longer
term solutions for some of these less urgent sites. Potentially, these sites could be
treated by the low input approach in the same time frame as if action had been de-
layed until resources for a more intensive remediation approach had become avail-
able.

2) In some cases the risk management solution is effectively “postponed”, for example,
an industrial site owner may be aware of contamination on site that does not pose a
problem under its current use, but would preclude his site being sold in the future for
other uses. In this situation there may be an opportunity to apply an extensive treat-
ment solutions to risk management problems, such as monitored natural attenuation,
so that the sites risks have been managed for a broader range of uses of the lifetime of
its current industrial use.

3) The technical solution itself can be used to postpone a more complete environ-
mental solution. For example:

Containment (for instance by hydraulic or barrier means) may provide an immediate
risk management effect, which can be used to buy time for a longer duration extensive
solution to effect a permanent risk management solution.

The envisaged end-use of a site may be used in an analogous way to containment, in
that and end use may itself control pathways between sources and receptors, provid-
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ing time for a long term and permanent solution to become effective, while the site is
under that particular end-use. Where no long term solution is employed, the range of
end uses for that particular site cannot be extended. Whether this is seen as a problem
or not is effectively a social and economic perception, considering for example the ef-
fectiveness of long term spatial planning controls, or a site owners economic time ho-
rizon for use of the site.

4) The technical solution may be combined with returning the site to use while risks
are managed and/or the site is being remediated. For example, short rotation coppice
combined with organic matter applications (from waste derived sources) could man-
age risks and generate income, in a way that allows the sustainable management of a
site over time (BARDOS ��� ���� 2001). This kind of approach may be particularly ap-
propriate for large areas of denuded and derelict land, whose very scale makes more
immediate or conventional risk management solutions impossible.

The interface between RBLM and the development and selection of solutions is dis-
cussed below, first by using the components to identify common issues, and then by
examining the aspects of RBLM in practice in relation to the assessment of the prob-
lem.

?����� 1 $"���	���	,��

In the context of RBLM “fitness for use” describes the relationship between different
envisaged uses for a site and the risk management action necessary to limit risks to a
level that is acceptable (or better) for that envisaged use. However, from a project
standpoint, remediation works need to achieve “fitness for purpose”, which includes,
along with fitness for use, that the site should be capable of supporting whatever con-
structions are to be put on it, that there should be no undue obstructions to services or
to groundwater flow, and perhaps other remediation targets, for example that the ap-
pearance of the remediated site is acceptable.

Most countries have now produced decision support, in the form of guidance, for set-
ting risk management goals for sites, based on the concept of “fitness for use”. Soft-
ware based tools, from commercial providers or Public Sector agencies, may exist to
provide support individual steps or a series of steps within this guidance. However,
provision is not complete, and as discipline development of DSTs for this application
is in its infancy.

In many cases risk management goals are considered in advance of any detailed con-
sideration of the wider environmental, economic or social consequences of the reme-
diation work required to meet them. These have usually implicitly or explicitly been
considered to be trivial compared with the benefit of achieving risk management, par-
ticularly as process emissions (for example volatile organic compound emissions to
atmosphere) will themselves be controlled by licensing or other similar pollution pre-
vention and control (PPC) regulations. However, considering these wider conse-
quences is becoming increasingly important as a result of general sustainable devel-
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opment policies, and a desire to be able to demonstrate appropriate use of resources
and value for money.

There is a general consensus about what constitute the key decision support issues for
contaminated land management on a project by project basis, as summarised in
Chapter 2. In many countries a decision making system for contaminated land man-
agement exists in the form of procedural guidance encompassing risk management
and analyses of costs and benefits. Technical publications, such as NATHANAIL������.,
2002, provide a basis for identifying suitable remediation options. In some countries,
such as the Netherlands, government has supported the publication of detailed cata-
logues and handbooks for remedy selection and design (see Annex A). Many con-
taminated land professionals are able to access this information for their work, or at
least the information arising from their own countries.

Hence procedural based decision support tools for risk assessment, cost benefit analy-
sis and the identification of potentially suitable remedial techniques is now widely
available. In some cases tools are available as software, and a number of further soft-
ware tools are under development.

However, decision support for considering sustainability appraisal both for remedial
objectives and for remediation work in a holistic sense has yet to emerge, either in
written or software form. A number of analytical tools such as LCA and MCA have
begun to be applied to considering wider environmental benefits, but less work has
been done on providing tools for considering the social and economic aspects of sus-
tainable development for remediation. A further problem is that DSTs are not neces-
sarily always acceptable to all of the stakeholders involved with a contaminated land
project. Some decision makers may find them: obscure, unvalidated or may even dis-
agree with their basic premises. Indeed these difficulties may be even greater when
“lay” stakeholders become involved in decision making. Hence the two major chal-
lenges for supporting contaminated land decision making in the future are consider-
ing decision making criteria in a more holistic sense and making them relevant to a
wider range of stakeholders.

?���/� ���$�($ �"	��	$5�	�"! ��"��"$

Treatment technologies aim to protect environment and often to restore a resource.
However, remediation approaches themselves should be evaluated themselves in
terms of any harm/pollution and in terms of safeguarding resources.

A number of projects in Europe, for example in the Netherlands, Germany, the UK
and Switzerland have suggested approaches to considering the wider environmental
impact of remediation work. Several examples are reviewed in Chapter 5. A recent
review from the UK (Environment Agency, 2001) has made a summary of the poten-
tial wider environmental effects from remediation work that might impact different
groups of stakeholders. These were listed above in Table 9.
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However, as already noted above, protection of the environment represents only one
of the three basic elements of sustainable development. Sustainable development is a
balance of environmental, economic and social factors in a holistic sense.

?���6� ��"#-$���	(���

Conceptually, the use of formal analyses in support of decisions could provide a
clearer evaluation of the balance of advantages between longer term aspects against
short term approaches for different remediation approaches for particular problems.
Indeed, particularly for aquifers, it may be legitimate to ask whether any kind of a so-
lution with available technologies represents a net gain in sustainable development
terms. A number of DSTs have been developed that try to address these questions (re-
viewed Chapter 5), for example:

•  Procedural guidance on cost benefit analyses for aquifers and for contaminated
sites from the UK (Environment Agency, 1999 and 2000);

•  The Dutch REC model (NOBIS, 1995 a, b);

•  The WILMA model in Germany (WETH, 2000).

While DSTs like these can certainly assist the evaluation of different options by in-
formed practitioners, the state of the art is really such that they require rather careful
use, for several reasons. Firstly, the decision making premises may not be immediately
apparent. Secondly, they all rely ultimately on value judgements, which typically re-
quire a relatively high degree of technical knowledge. Thirdly, they are, effectively,
unvalidated against field observations. Indeed this may be hard to achieve, given that
few sites would be able to support parallel investigations of different short and long
term remedial options. There is also the question of who should pay for such system-
atic long term appraisal of performance and wider environmental effects. Fourthly,
most of these DSTs were not designed with stakeholder engagement in mind, nor are
they able to balance environmental, economic and social considerations together in a
holistic appraisal. Because of these limitations, at present decision support for this ap-
plication is really only able to provide tentative suggestions, and not firm conclusions
that are robustly defensible at a technical level, and able to reflect common ground
between all stakeholders. An interesting development has been the application of fi-
nancial risk approaches to remediation decision making, principally in a redevelop-
ment context (FINNAMORE, 2000). While this approach communicates only with one
group of lay stakeholders (the financial community), it does show how DSTs can be
used to facilitate the involvement of “lay” stakeholders in decision making, in a way
that the engagement is meaningful.

?���;� �7��	 "	���($ (�

It is important to note that decision support tools have a wider range of applications
than considering the overall management issues for contaminated land. These specific
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technical applications include: determination of a site sampling strategy; visualisation
of risk contours for contaminated sites; selection of analytical techniques; design of
remedial solutions for different sites for specific technologies. A large number of DSTs
are available, both as procedures and software, in support of these activities and are
widely used without significant difficulty.
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Contaminated land management is an important issue throughout Europe and the
U.S.A. The need to develop techniques and approaches to improve the decision mak-
ing process for reuse and/or remediation of contaminated lands is widely recognised.
As a starting point, to improve communication on this topic, the following definition
is offered. Decision support can be defined as: the���������#��	
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�#�. The decision support process integrates specific information
about a site and general information such as legislation, guidelines and know-how, to
produce decision-making knowledge with the goal of being transparent, consistent
and reproducible.

The complexity of environmental remediation problems necessitates several layers of
decision support including:

•  Technical decisions on sample collection (how many and where);

•  Economic decisions about whether costs are worth the benefits; and

•  Social/political decisions on sustainable land development.

Each of these layers may need to be addressed as part of the overarching decision on
land management and many of these ‘layers’ are interdependent. In all cases, the deci-
sion support process takes basic input information (problem definition); uses decision
support tools to integrate, analyse and abstract from the information and provides
knowledge directly relevant to the decision. Approaches to contaminated land man-
agement have been found to follow a similar broad outline independent of the coun-
try where the problem is located.

The large number of contaminated land problems with similar characteristics has led
to several attempts to develop tools (DST) that support the wide range of decisions
related to contaminated land management and re-use. One objective of development
of these tools is to obtain a consistent, reproducible and transparent approach to sup-
porting decisions. Another objective is to provide a consistent methodology to com-
pare contamination issues at different sites and serve as a basis for setting priorities.
DSTs have seen widespread use in all steps of the contaminated site management pro-
cess (from investigation through remediation and monitoring).

Finding sustainable technical solutions for contaminated problems is dependent on a
range of parallel considerations. Decisions about which risk management option(s) are
most appropriate for a particular site needs to be considered in a holistic manner. Key
factors in decision making include: the driving forces for the remediation project, risk
management, sustainable development, stakeholders' viewpoints, cost effectiveness,
and technical feasibility / suitability, as discussed in Chapter 2.

Despite the similarities between contaminated land problems throughout the world,
there are differences in the approach to these problems. These include differences in
application of general principles (e.g. some countries consider ecological risk as one
basis for analysis while others do not); differences in priorities (e.g. groundwater man-
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agement is more important to countries with limited surface waters); differences in
administrative and regulatory approach; and differences in social attitudes towards
risk and the resources available for land management.

While the risk management paradigm is broadly accepted by technical specialists and
contaminated land professionals as the most appropriate decision making basis for
contaminated land management, this acceptance is not universal for all stakeholders,
particularly “lay” consultees. For example local communities may not accept a risk
basis for decision making, perhaps because it has not been explained adequately, per-
haps for other reasons - for example they want zero risk. This perspective is not unlike
that of many prospective purchasers of contaminated sites, or companies considering
inward investment.

All relevant stakeholders should be involved at the earliest possible stage of decision
making. However, decision support techniques - like risk management techniques -
are in their infancy. A variety of techniques have been applied in commercial prod-
ucts, and yet others are under development. The most successful tools tend to be fairly
specific, focusing on providing specialist support for niche decision making, for ex-
ample determining sampling strategy. More general tools, for example for remedy
selection, are less well developed and accepted. However, the major, and as yet un-
achieved goals, for decision support are to be able to:

•  Consider sustainable development and risk management in a mutual and holistic
way; and

•  Support stakeholder engagement in a way that is robust and transparent, even to
lay audiences.

The challenge is very tough, because any decision support must not hamper efficient
and cost effective decision making or cause excessive delay. A major concern of core
stakeholders is that, by widening their considerations and their consultees, they run
the risk of stalling the decision making process; or making it so difficult that, for in-
stance, brownfield remediation becomes less attractive.
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Future development of decision support is likely to see an increasing transfer of pro-
cedural guidance to software applications. Some applications of decision support are
already well established, for example, those relating to setting risk management and
making choices about site investigation and other specialist decisions, as described
above.

It was very clear from Working Group “Decision Support Tools” and Working Group
“Remediation” work, and at the CLARINET Final Conference, that the integration of
risk management and sustainable development considerations is the likely direction of
future contaminated land management. However, effective decision support for this
kind of holistic decision making has yet to emerge.

It is also apparent that similar elements of thinking are taking place in parallel in many
countries at this time. RBLM and the decision making criteria outlined above provide
an opportunity for a consistent and coherent framework for the discussion of con-
taminated land decision making at an international level, and a theoretical framework
and vocabulary for the development of more practical decision support techniques.

Any decision support must be able to present its findings in terms of clear costs and
benefits. It is important that decision making is transparent, coherent, reproducible
and reflects a technical consensus. However, no technique is free from limitations and
all depend on value judgements. Tools such as MCA and MAT can integrate different
decision making criteria, and have begun to be used in contaminated land decision
making. However, these decision making processes are not able to support wide
stakeholder involvement, nor are their premises necessarily agreeable to all.

CARACAS, CLARINET, NICOLE and other international initiatives have been a major
cause of the emerging consensus about which decision making principles are impor-
tant for contaminated land management. These international networks have also been
instrumental in transferring expertise and ideas between countries. Through these
networks, participants have become aware of the wide range of information available
in support of contaminated land decision making in many countries. However, this
community represents only a fraction of contaminated land decision makers. Many
decision makers, for example in businesses, local authorities and Accession States
simply do not have access to this information. CLARINET has begun the process of
collating this information as a series of reports and on its web site. However, the state
of the art is dynamic, detailed and heterogeneous across countries. A useful develop-
ment of from these networks would be to use the power of the Internet to not only
make this information available to all, but also to make it updatable - reflecting its dy-
namic nature, and collectable on a regional basis - reflecting its heterogeneity.

Hence, while DSTs are now widely used in contaminated land management for a
number of decision making applications, there is a long way to go yet in providing
robust, reproducible and accessible decision support for others. The principle areas
requiring support are:



Recommendations

Umweltbundesamt/Federal Environment Agency – Austria

101

Enabling a diverse and heterogeneous range of research projects applying different
decision analysis tools to holistic approaches to contaminated land decision making
(this work must include an integrated assessment of all three elements of sustainable
development: economic, environmental and social).

Providing a platform for the validation of decision support tools in Europe20. This
should be related to practical decision making in the field and the measurement or
estimation other wise of the performance and effects of remediation work.

Supporting the development of guidance, and perhaps ultimately some kind of sup-
port, for widening stakeholder engagement in contaminated land decision making,
particularly involving “lay” stakeholders.

Supporting the provision of web based contaminated land information from the dif-
ferent Member States and the EC in a way that is accessible to, and can easily be found
by, all who are involved in contaminated land management.

                                                

20 The US EPA has already implemented a programme for testing DSTs: the Environmental Technology Verification
Program (ETV) - Sullivan �����. 2000d
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This glossary is not intended to be a set of formal definitions, nor to supplant terms
defined by organisations such as ISO. Rather it is intended to convey the meaning of
terms as they have been used in this report.
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Aftercare Actions necessary for managing a remediated site

Analyses Used in
Decision Support

Several different techniques can be employed to assist envi-
ronmental decision-making. In practice, many decision support
tools use several of these techniques, or mixtures of different
parts of them. For example, software tools might combine risk
assessment and cost-benefit analysis techniques to generate
risk maps, cost comparisons between remedial options and
other decision information.

Best Practical Envi-
ronmental Option

The outcome of a systematic consultative and decision making
procedure which emphasises the protection and conservation
of the environment across land, air and water. The BPEO pro-
cedure establishes, for a given set of objectives, the option that
provides the most benefit or least damage to the environment
as a whole, at acceptable cost, in the long term as well as short
term. (This is a UK definition21 – other countries have similar
definitions.)

Comparison of op-
tions/ options ap-
praisal

Evaluating different alternatives (actions, strategies etc).

Core Describes the activities and their outcomes that are a result of
the core objectives and site specific factors and constraints.

Core objectives Those remediation objectives that need to be achieved in order
to enable redevelopment; to reduce risks to human health, sur-
face and groundwater, ecosystems and construction; to reduce
liabilities, or some combination of these drivers, reached after
consideration of site specific factors / constraints and taking
into account the views of the key stakeholders for that site.

Cost Benefit Analysis A form of economic analysis in which costs and benefits are
converted into monetary values for comparison.

                                                

21 As defined by the 12th Report of the UK Royal Commission on Environmental Pollution
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Cost Effectiveness
Analysis

A simplified form of cost benefit analysis.

Decision Making
Role

The decision making role describes the type of decision making
being supported, e.g. for managing a single site, or for priori-
tising a number of sites. This deals with the overarching deci-
sion being made at the site.

Decision Support Assistance for, substantiation and corroboration of, an act or
result of deciding; typically this deciding will be a determina-
tion of an optimal or best approach.

Decision Support
System

A Decision Support System is the complete decision making
approach, including all of its components.

Decision Support
Tool

A Decision Support Tool supports one or more components of
decision making.

Decision Table /
Matrix

A simplified means of presenting summary information for
assisting comparisons between different options.

Environmental Im-
pact Assessment

Remediation projects likely to have significant effects on the en-
vironment are required to have an assessment of their potential
environmental effects, before any planning consent is given.

Environmental
Merit

A term used in the Netherlands and other European countries
which is a measure of the potential environmental influences of
contamination and its remediation. It is intended to consider
environmental influences other than those considered in a risk
management framework.

Evaluating Wider
Impacts

Assessment systems for the key elements of sustainability ap-
praisal (economic, environmental, resource and social evalua-
tions).

Flow charts A diagrammatic representation of a procedure or protocol or
series of procedures / protocols.

Functional Applica-
tion

The functional application to contaminated land management
describes whether the decision support is for risk management,
remediation, monitoring and aftercare, sustainable develop-
ment etc. This deals with the issues that must be addressed to
support the overarching decision. In practice, a number of
DSTs address multiple decision criteria.

Identification of
problem sites

Spotting or distinguishing sites of potential concern.
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Life Cycle The life cycle of a product encompasses its manufacture, its use
and its disposal / fate.

Life Cycle Assess-
ment

A technique for evaluating the broad environmental impacts of
producing consumer goods.

Map A figurative illustration of decision processes, the route taken
for a decision.

Model Procedures A series of procedures setting out good practice.

Monitoring Observation of conditions.

Multi Criteria
Analysis

A structured system for ranking alternatives and making se-
lections and decisions.

Nature of the Prod-
uct

The nature of the product describes whether the tool is written
guidance; a "map" of some sort, a series of procedures or a
software based system.

Non-core Describes the supplementary effects of and/or desires for a
remediation project not addressed by its core objectives.

Policy A course of action or administration recommended by a
stakeholder (often Government).

Prioritisation Listing or ranking in order of importance or urgency.

Problem Identifica-
tion

Spotting or distinguishing issues of potential concern.

Procedure Mode of conducting business, system laid down for actions /
calculations etc.

Protocol A written means of setting out a framework for action of some
kind / calculation of some quality, agreed or to be negotiated
by stakeholders.

Risk Assessment The process of assessing the hazards and risks associated with
a particular site or group of sites.

Risk Management: The process whereby decisions are made to accept a known or
assessed risk and/or the implementation of action to reduce
the consequences or probabilities of occurrence.

Roadmap A diagram showing the major steps in reaching a decision.

Site specific Pertaining to an individual site / dependent on individual site
characteristics.
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Software Tools Computer implementation of guidance, e.g. to assist in the cal-
culations (such as, risk assessment). Software tools are also de-
veloped to assist in the decision process for computationally
intensive analysis, e.g., flow and transport, geostatistical mod-
elling, and multi criteria analysis.

Stakeholders Stakeholders typically include any individuals or groups that
may be affected by the environmental contamination.
Stakeholders include federal, state, and local regulators, local
businesses, citizens, citizen groups, problem holders, environ-
mental industry, and public health officials.

Strategy develop-
ment

Planning a course of action / planning an approach that will
assist several courses of action in different circumstances / lo-
cations.

Sustainability Ap-
praisal

A system intended to determine the contribution of a particu-
lar project or action to achieving sustainable development.

Sustainable Devel-
opment:

Development that meets the needs of the present without
compromising the ability of future generations to meet their
own needs (BRUNDTLAND, 1987).

System The meaning of system is variable: for some people "system” is
synonymous with "tool" (above).For others "system" conveys
the entire approach to decision making, including all its com-
ponents. For them this totality is the decision support system,
and something that deals with just a component part would be
a "tool" rather than a "system". The second meaning is that
used in this report.

Technique A principal, or series of, operations used to assist decision
making.

Tool A document or software produced with the aim of supporting
decision making, i.e. something that carries out a process in
decision support.

Tree A logical progression of decision making steps.

Wider Environ-
mental Value

describe the wider (non-core) environmental effects of a reme-
diation project, which may be less contentious than “environ-
mental merit”.

Written Guidance Procedures and information provided, often by regulatory
agencies, as a means of obtaining a standardised, reproducible
approach to reaching a decision.
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ADEME Agence de l’environnement et de la maîtrise de l'énergie (French
Agency for the Environment and Energy Management)

ADI Average Daily Intake

ANPA Agenzia Nazionale per la Protezione dell Ambiente (Italian EPA)

ASTM American Society For Testing and Materials

BAT Best Available Technology

BATNEEC Best Available Technology Not Entailing Excessive Costs

BNFL British Nuclear Fuels Limited

BNL Brookhaven National Laboratory, USA

BOSS Het beslisondersteunend systeem ter bepaling van de beste beschik-
bare bodemsaneringstechnieken (=Decision Support System for the
Best Available Soil Remediation Technics)

BPEO Best Practical Environmental Option

BUWAL Bundesamt für Umwelt, Wald und Landschaft

CARACAS Concerted Action on Risk Assessment for Contaminated Sites in the
European Union

CBA Cost Benefit Analysis

CEN European Committee for Standardisation

CHAINET European Network on Chain Analysis for Environmental Decision
Support

CLARINET Contaminated Land Rehabilitation Network for Environmental Tech-
nologies in Europe

CONCAWE The CONservation of Clean Air and Water in Europe industry net-
work

DEFRA Department for Environment, Food and Rural Affairs

DETR Department for the Environment, Transport and the Regions

DGM Directoraat General Milieubeheer

DRA Detailed Risk Assessment

DS Decision Support

DSS Decision Support System

DST Decision Support Tool

EIA Environmental Impact Assessment



List of Abbreviations

Umweltbundesamt/Federal Environment Agency – Austria

115

� �$	��	�88��! �$ �"�	*(�"$ ",�'.

EPA See US EPA

ERA Ecological Risk Assessment

ESRC Economic and Social Research Council

ICM Isolate-Control-Monitor

ICRCL Interdepartmental Committee for the Redevelopment of Contami-
nated Land

IPPC Integrated Pollution Prevention and Control

ISO International Standards Organisation

LCA Life Cycle Analysis

LCI Life Cycle Inventories

MAT Multi Attribute Analysis

MCA Multi Criteria Analysis

NATO/CCM
S

North Atlantic Treaty Organisation Committee on Challenges for
Modern Society

NGO Non Governmental Organisation

NICOLE Network for Industrially Contaminated Land in Europe

NOBIS Netherland Onderzoeksprogramma Biotechnologische In situ Saner-
ing

OECD Organisation for Economic Co-operation and Development

OFD German Higher Finance Office

OVAM Public Waste Agency of Flanders

OWD Waste Office of Wallonia

PCCRARM Presidential/Congressional Commission on Risk Assessment and
Risk Management

PPC Pollution Prevention and Control

RA Risk Assessment

RBCA Risk Based Corrective Action

RBLM Risk Based Land Management

RBSL Risk Based Safety Level

REC Risk Reduction, Environmental Merit, Costs

RfD Reference Dose

RIVM Rijksinstituut voor Volksgezondheid & Milieu
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SFT Statens forurensningstilsyn (Norwegian Pollution Control Authority)

SNIFFER Scottish and Northern Ireland Forum for Environmental Research

SRA Simplified Risk Assessment

SUS Saneringsurgentiesystematiek (system for environmental prioritisa-
tion of clean-up)

TCB Technical Committee on Soil Protection

UBA Environmental Protection Agency (Germany, Austria)

USEPA United States Environmental Protection Agency

VITO Vlaamse Instelling voor Technologisch Onderzoek (= Flemish Insti-
tute for Technological Research).

VYH Ympäristöhallinto (Finnish Environmental Adminstration)

WEV Wider Environmental Value

WG Working Group  (of CLARINET)

WHO World Health Organisation
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Austrian legislation does not provide any tools for decision making. Therefore the
Austrian Standards Institute produced a sequence of guidelines to assist the man-
agement of contaminated sites (numbered OENORM S 2085 to OENORM S 2090). The
OENORM S 2085 (July 1st, 1998) illustrates a tiered approach of procedures and ac-
tivities for the management of contaminated sites using a flow diagram. This provides
a general guide for dealing with investigation, assessment and remediation of con-
taminated land incorporating a number of standards dealing with subsets of the con-
taminated land problems. The flow diagram provides the framework for decision-
making; the integration of the various steps is provided by the progressive nature
outlined in the flow diagram. A general outline for risk assessments is set by OE-
NORM S 2088 part 1 and part 2, which also define guideline values for contaminated
land related to the protection of groundwater resources as well as the safe use of land.
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The decision-makers and the ‘actors’ or ‘stake holders’ usually involved in decision-
making are normally only the authorities, the landowner and the problem holders
(typically industrial or municipal). Neighbours or neighbouring facilities are kept in-
formed. Potentially threatened neighbours or institutions such as water supply com-
panies are likely to be involved where a linkage is suspected. As a prerequisite for
remediation projects which get public funding, the Federal Environment Agency has
to perform a general risk assessment and to propose a classification for the national
priority list. In parallel the KKA (Kommunalkredit Austria AG), a bank which ad-
ministers the funding of remediation projects and scientific projects on behalf of the
Federal Ministry for Environment, has to evaluate the economic and the ecological
effectiveness of the planned solution. There is no legal requirement to involve other
interested parties such as citizens, community organisations or environmental NGOs.
If there is a responsible polluter it is their decision how and when to involve the inter-
ested public.

However, experience has shown the practical necessity to inform concerned citizens
and communities at an early stage of investigation and remediation projects. There-
fore the usual procedure for public financed investigation projects is to hold three in-
formal meetings, an initial meeting before the work starts, an interim and progress
meeting to present first results and a final meeting to communicate the extent of con-
tamination and possible risks. This is particularly important for remediation projects
where �%� ���" measures are implemented. In most cases the problem-holder needs
some public acceptance for various tangible and visible impacts of the remediation
project, such as entering private properties, noise, or additional traffic. Large public
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remediation projects of regional importance are also communicated through public
hearings, mail circulars, flyers or the Internet. Only these regionally important proj-
ects involve the environmental NGOs.
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The standards OENORM S 2088-1 (Contaminated Sites – Risk Assessment concerning
the pollution of groundwater; October 1st, 1997) and OENORM S 2088-2 (Contami-
nated Sites – Risk Assessment for polluted soils concerning impacts on surface envi-
ronments; June 1st, 2000) define guideline values (trigger-values and limit-values).
These values are generally the starting point to appraise investigation results or are
also often used to define target-values for remediation projects.

These guidelines identify three qualitative target levels for remediation projects:

1. Preserving and restoring the natural state of the environment or the relevant envi-
ronmental media.

2. Preserving or establishing the natural state with man-made influences, but allow-
ing for sustainable multi-functional use.

3. Preserving or establishing an environmental state allowing for a limited use and
prevention of further discharges of hazardous substances

Target-values for remediation projects can be site-specific, generally at the range of
trigger-values and limit-values. Deviations or transgressions of limit-values are not
excluded by principle but must be subject to intensive investigations and feasibility
studies.

Legislation in Austria does not provide for different levels/stringency of risk assess-
ment. There is no reference to risk assessment in the Federal Water Act, the major leg-
islation with respect to contaminated sites. The Federal Act on Remediation of Con-
taminated Sites (ALSAG) targets landfills and industrial sites that pose a “serious” risk
for the environment and mentions the necessity to perform risk assessments. However
there are no legal definitions or outlines to clarify risk assessment procedures.

Current Austrian procedures for risk assessment do not refer to calculations of human
uptake of pollutants site-specific or to run exposure models, although the recently
published standard OENORM S 2088-2 refers to other European exposure models
(which will be incorporated into Austrian procedures).

5�	$&���	��	�� �0� $�0+�$��	,��	(�"� '���'	8&	��# ���$ �"	�"'	��#,��$ �"D	���� 8 � $&
���	� $�	,��	$�	8�	(5�"#�'	 �	����' �$ �"	 �	"�$	���� 8��

The types of soil/site/water use that the legislation and regulation in Austria consider
are:
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Groundwater: 99% of drinking water is groundwater; therefore groundwater must
meet drinking water requirements. The Austrian Water Act follows the precautionary
principle and a ‘zero-pollution-tolerance’. To deal with old contaminated sites this ap-
proach has been adopted within the OENORM S 2088-1 (Contaminated sites – Risk
Assessment Procedure: Groundwater) which distinguishes two categories of ground-
water resources: -

1. specially protected aquifers or aquifers with an high relevance for future water
management;

2. aquifers which are not likely to be used.

Soil: There is no national legislation on soil conservation and protection, however,
some provinces enacted soil laws particularly on the conservation of agricultural soils.

OENORM S 2088-2 (Soil) considers three classes of soil/land

1. Sensitive use – soil in its function for humans

2. Agricultural use – soil in its function for production.

3. Other uses – soil as a filter and as a buffer within ecosystems

Depending on the current use of land the verification of contamination can bring
about restrictions on land use. Concerning an intended change of land use, the Aus-
trian Water Act as well as the two mentioned guidelines postulate that higher risks,
new releases of pollutants or an increased exposition of any receptor are not accept-
able. In practice the interested party has to prove that negative impacts are unlikely to
appear as a result of a project.

Spatial planning legislation is done regionally by the nine Austrian provinces and the
execution is largely the responsibility of the communities. Thus, change of land use at
contaminated sites may depend upon on the regional or local circumstances. Gener-
ally the regional spatial planning legislation does not consider special regulations on
contaminated sites. However, in Lower Austria it is prohibited to change the land use
at registered potentially contaminated sites or contaminated sites listed at the national
priority list. Contaminated sites that are not remediated within five years after entry
on the national priority list will be restricted to limited uses, without any compensa-
tion for the owner. Building redevelopment on potentially contaminated sites must be
applied for; the developer must investigate, remediate and develop the properties
within five years.
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Risk assessment results are handled, recorded and used in the following manner: if a
site is assessed as seriously contaminated the results of the risk assessment are re-
corded in the Register of Contaminated Sites which is available to the public and also
available on the Internet. Details of sites that are contaminated to a tolerable level are
published in a shortened version and are available to planners and potential purchas-
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ers of a site. There are no defined procedures for approval of site remediation or of
consequent use upon remediation.
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Brownfields – there is no current provision for brownfield sites, although there is on-
going discussion within legislative bodies. There are intentions to tolerate higher lev-
els of soil pollution if there are no serious offsite consequences and to give regulatory
incentives for the re-use of the former industrial land.

Water resources – The precautionary principle prevails through the Austrian Water
Act. Groundwater must satisfy drinking water criteria.

There are no existing provisions on diffuse contamination of soils, but the Austrian
Water Act and the Austrian Groundwater Threshold Value ordinance require the pre-
vention of diffuse pollution of groundwater. Groundwater Threshold Values are set at
60% of the allowable drinking water standards, if these are continually exceeded at
25% of the sampling sites, the provincial authorities have to initiate and co-ordinate a
programme of measures to avoid the deterioration of a aquifer.
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There are no provisions to consider environmental impacts, wider environmental ef-
fects and sustainability issues of remediation options. In an integrated pollution con-
trol context, the environmental impacts of the remediation system during and after the
works are considered in decision making and remediation planning, verification and
evaluation. The best available technology must be used to ensure that the problem is
not simply ‘passed on’.

The guidelines for public funding postulate an overall target of remediating contami-
nated sites at the maximum wider environmental effects subject to acceptable expense.
Therefore it is necessary to perform a study on the remediation options and to evalu-
ate environmental impacts and broad economic consequences. However it is done on
a case by case basis without general valid provisions. As a consequence remediation
goals, costs and feasibility remain the important drivers for decisions on the general
solution design. Other sustainability issues like community, political, and social con-
cerns are not considered at an operational basis.
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The considerations of wider environmental effects, economic merits and community,
political and social concerns are measured, assessed and used in decision making by
funding guidelines, expert judgement, and case by case decisions. No legal instru-
ments are involved. The development and introduction of a Decision Support Frame-
work is a mid-term objective on the agenda of the Federal Ministry for Agriculture,
Forestry, Environment and Water Management.
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All commonly used remediation technologies are described by the Austrian standard
OENORM S 2089 (July 1st, 1998). These basic descriptions expand on the principle
functionality, the general field of application, corresponding parameters and exclusion
criteria. A corresponding table highlights site-specific features and suppositions as
well as treated pollutants.

The guideline for public funding asks for the use of best available techniques and the
implementation of a feasibility study listing and evaluating all possible remediation
technologies. Different decision support techniques like cost-benefit analyses or deci-
sion tables are applied within feasibility studies, but there is no fixed procedure. The
general requirement is a clear statement on relative advantages and disadvantages
(including costs).

The primary factors driving decision making for risk management are to eliminate the
danger to human health and the environment, taking into consideration costs and fea-
sibility.
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In Flanders there is a flow diagram of the procedure activities for the management of a
polluted site in the regulatory framework on contaminated land. The Soil Remediation
Decree (22/2/95) incorporated a flow diagram concerning the procedures of remedia-
tion including the following phases:

1. Identification study (historical investigation and soil sampling);

2. Descriptive soil study (risk analysis and limitation of the pollution);

3. Remediation project (studying alternatives for remediation following the BAT-
NEEC principle);

4. Remediation works;

5. Aftercare.

In addition there are decision support systems for risk management available and/or
in use. A distinction is made between Historical Soil Pollution (pre 29/10/95) and
New Soil Pollution (post 28/10/95). A system of ‘Active Soil Management’ is being
developed which will aim to provide precautionary measures and land use limitations
based on risk assessment. Advice and guidance is provided on the appropriate meas-
ures when there is limited information available about a site but there are indications
of a serious risk, and also where remediation is not possible.
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The decision-makers and the ‘actors’ or ‘stake holders’ usually involved in decision-
making are operator and owner of the site, or the government (OVAM). The Decree on
Soil Remediation clearly identifies that the obligation to clean up rests with the op-
erator and owner of the site and the final burden is for the responsible person. For
New Pollution (originated before 29/10/95) there is an immediate and independent
obligation to remediate. For Historical Pollution (originated after 28/10/95) the deci-
sion to clean up is a government decision based on the recommendation of the Public
Waste Agency of Flanders (OVAM) which also supervises the total clean up proce-
dure. Soil experts accredited by OVAM execute soil and site investigation, make clean
up plans and supervise clean up operations.

The community, citizens and/or environmental organisations can be involved as fol-
lows. When remediation is planned the local municipal authority is informed and the
intention to remediate (the soil remediation project) must be advertised, so everyone
can make an appeal. The decision to remediate depends on a government decision,
which can always be contested before the State Counsel.
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The information is communicated to non-specialists, communities, neighbours etc. by
soil experts or OVAM representatives. Public meetings are organised when large
groups of people are involved.
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Fixed, generic and/or other limit values play a role in decision making; soil standards
are set for five different land use types (and varying with Soil Organic matter and Clay
content): - a. Natural; b. Agricultural; c. Residential areas; d. Recreational Areas; and e.
Industrial areas. When the limits are exceeded on a recently contaminated site (post
28/10/95) remediation is obligatory; for old sites remediation is obligatory only if the
risk is not acceptable.

Legislation and regulation in Flanders do not provide for different levels/stringencies
of risk assessment.	Risk assessment is part of a Descriptive Soil Survey. The same level
of stringency is applied in all cases. In case of uncertainty about important parameters,
however, additional measurements can be demanded. According to land use (and
water use) type, different scenarios for receptors are defined, resulting in different
concentrations of contamination that are allowed without risk.

There are different specific risk assessments for the five land use types mentioned
above: natural, agricultural, residential, recreational, and industrial. Water protection
areas are not defined according to water use.
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The legislation and regulation in Flanders consider all types of potentially polluted
soil and water. Future developments will consider prevention of pollution. It is not
possible to change site use (and value) if remediation is not possible, but OVAM can
impose land use restrictions. Land use options are based on risk assessment.
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Decisions based on risk evaluation are summarised in the Register of Contaminated
Soil (maintained by OVAM). Risk assessment as part of the Descriptive Soil Survey is
done by accredited soil experts. Descriptive Soil Surveys are evaluated and approved
by the OVAM.
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There are special provisions in place or planned (e.g. administrative, permitting, etc.)
for:

a. Brownfields: the Decisions Support System in preparation will stimulate the use of
Brownfield Sites.

b. Dealing with aquifers and other water resources (surface or groundwater):
Groundwater vulnerability is taken into account when considering the necessity to
clean up sites.

c. Diffuse as opposed to point source contamination (e.g. from Agriculture, sewage
sludge re-use): different investigation strategies are prescribed.
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In an integrated pollution control context, the specifically environmental impacts of
the remediation system during and after the works considered in decision making and
remediation planning, verification and evaluation are not considered. Post remedia-
tion costs and risks are considered.
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Cost benefit analysis is an integral part of the procedures. The wider environmental
effects; economic merits; community, political and social concerns are not specifically
taken into consideration. The BATNEEC principle is the only consideration for
sustainability issues.
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The soil expert must provide different approaches. A Decision Support System (BOSS)
has been developed to indicate all technically feasible options for specific cases. There
are no new procedures being developed and planned.

The primary factors driving decision making for risk management are the risk based
remediation objectives.



7��:�
�	*2������.

1��+	' �#����0'�( � �"	�,����$	$����	*��.	���	��"�#���"$	���(�',���	��	(�"-
$�� "�$�'	��"'

No specific legislation about contaminated land existed at the time of the question-
naire but new legislation has been drafted which should come into force by the end of
2001. This legislation deals with soil pollution, risk assessment and rehabilitation.
There was no decision support system in place at the time of the questionnaire. Pol-
luted soil is considered as waste and managed in the context of waste legislation.
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The OWD (Waste Office of Wallonia) is the responsible department for waste man-
agement within the Environment Administration. The Regional Development Ad-
ministration is responsible for redevelopment of brownfield sites. The Public Society
for Environmental Quality Improvement (SPAQUE) will assist in the process of pri-
oritising sites for remediation – its mission is to assess, set priorities and reclaim for-
mer waste disposal sites.
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The forthcoming legislation will refer to limit values, these will be indicative values
and integrated into risk assessment tools.
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The tools planned will consider all types of potentially polluted soil and water. Future
developments will consider prevention of pollution.
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Risk assessment procedures are not yet defined; a soil quality database is planned.
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Brownfield sites are managed by Regional Development Administration under the
Regional Planning Act and Building Code; rehabilitation is considered but not con-
taminants. The principle is to bring derelict land back into good condition.
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An environmental study is undertaken before rehabilitation involving history, soil,
water and gas analysis. This information is discussed with the site owners to decide
upon one of three future actions:

a. More information required;

b. Continue with current actions; or

c. Change site use.
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These are not considered.
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Wider environmental impacts, economic merits; community, political and social con-
cerns; and sustainability are not measured. The experts in developing DSTs for risk
management and sustainability are the Regional Development Agency and OWD,
Public Society for Environmental Quality Improvement (SPAQuE), Institut Scienti-
fique de Service Public (ISSeP).
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Future legislation will consider protection of the surrounding population and other
natural resources (e.g. groundwater); feasibility will be important in making the final
decision.
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The Danish EPA guidelines no. 6/1998 ‘Remediation of Contaminated Sites’, provide a
step by step description in the form of a flow diagram. Decision support is provided
on how to conduct a risk assessment. The procedures are PC based using Microsoft
Excel.
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Municipalities and Regional Councils are the responsible bodies for decision-making.
The Danish Environment Protection Agency deals with complaints of parties that have
received orders from local or regional authorities to carry out investigation or reme-
diation of contamination. Property owners and other interested parties are frequently
involved.	Interested parties may submit opinions. Information is distributed as widely
as possible through letters, citizens’ meetings etc.
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Generic values are used, if they are exceeded it is considered that there may be a risk.
There are different levels of stringency and risk assessment, for example particularly
valuable water resources versus areas with limited groundwater resource; or sensitive
land use (gardens) versus less sensitive land use (industrial).

There are two levels of criteria in the Danish guidance on remediation - Soil Quality
Criteria and Cut-off Values. Soil quality criteria are toxicologically based criteria; the
cut-off values are about tenfold the soil quality criteria values (but where the contami-
nant has an acute toxicological effect the values are identical). Measures must be taken
to prevent people living on land with soil above the cut-off values from coming into
contact with the soil; advice is given to those living on land with levels below the cut-
off levels but above the soil quality criteria levels (Ad Hoc Working Group on Con-
taminated Land 1999).
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Soil, air, ground and surface water recipients are considered. It is possible to change to
a less sensitive land use if remediation is not feasible (this will seldom happen); risk
assessment would be part of the policy in deciding if change can be allowed.
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There is no systematic record kept centrally as Danish legislation has a decentralised
structure. The decision-making power lies with local authorities.
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The Soil Contamination Act came into force on January 1st 2000. This new legislation
considers all types of contamination irrespective of how and when contamination took
place. Diffuse and point source contamination are not differentiated – they are consid-
ered to be end members of a continuum. There are three priority areas in the Soil
Contamination Act:

1. Groundwater within defined areas of particular value;

2. Groundwater within catchment areas for larger water supplies;

3. Human health - People in areas with housing, childcare centres or public playing
grounds.

(Soil affected the agricultural spreading of sewage, manure and pesticides is consid-
ered elsewhere under Danish law.)
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Environmental impacts are not systematically recorded. The aim of the policy is to use
contaminated land if it does not pose a danger to people and/or environment. It is not
possible to quantify relative importance of these issues.
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These are not measured systematically. (Although attempts have been made in some
projects to measure the wider effects of the remedial approach).
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A Decision Support tool is used. The primary factor driving decision-making is pro-
tection of people and the environment whilst assessing the costs.
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A Council of State Decision is under preparation (based on the Environmental Protec-
tion Act, 2000) which identifies that either guideline values or risk assessment can be
used in the management of contaminated sites. No specific flow diagram or equivalent
is provided.

There are no official decision support systems. An earlier guide to risk assessment of
contaminated soils presented a simple conceptual decision model. This model has es-
sentially the same elements as those followed by the US EPA and ASTM.
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The decision-makers are normally authorities from the regional environmental centres
and the municipality of Helsinki. Stakeholders can include landowners, polluters and
insurance companies. Each remediation activity is subject to a separate permit. The
permit is processed in the order set out by the Environmental Protection Act. The ap-
plication for permits is sent to all neighbours and is notified to the public. Conse-
quently, all stakeholders have the right to present their opinion. In cases where the
permit can be granted according to notification procedures (e.g. contaminated soil
material disposed or processed where a Waste Permit is held, environmental reme-
diation) there is no community or citizen involvement. In some cases environmental
impact assessment procedures (EIA) are required, for which there is separate legisla-
tion. In this Act on Environmental Impact Assessment general guidelines of communi-
cation are given.

Stakeholders (e.g. inhabitants) are normally informed directly in special meetings.
They can also view the documents held by the appropriate authorities. Depending
upon the significance of the case, information can be distributed through local or na-
tional newspapers, radio TV, etc.
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The Environmental Protection Act, which regulates the treatment of contaminated
soils, does not include any specific mention of risk assessment. In the Council of State
Decision, which is in preparation and expected to be in force at the end of 2001, risk
assessment is presented as a risk management tool together with generic guideline
values. The level or contents of risk assessment procedures are not defined in the De-
cision.



Finland

Umweltbundesamt/Federal Environment Agency – Austria

131

To date risk management decisions have been based on fixed generic guideline values.
Even if a site specific risk assessment has been executed, remediation target levels are
mostly based on generic target values. In the few cases where quantitative health risk
assessment procedures have been adopted, ADI, RfD or equivalent values given by US
and Danish EPA, WHO etc. have been used to calculate site-specific target levels. Oc-
casionally, threshold values given in other countries (e.g. Canada, USA) and based on
ecological risks (e.g. PRGs, RBSLs etc.) have been proposed for remediation target lev-
els.
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Soil protection is regulated by the Environmental Protection Act. Some distinction is
made according to land use, and regulations cover all types of land use. However, if
the possibility of water pollution is involved, ground water protection and permits for
wastewater discharge are handled according to the	Environmental Protection Act. For
groundwater for domestic use, there exists an absolute prohibition of pollution and
the drinking water requirements (e.g. substance specific guidelines) must be met. For
emission to surface waters there are no generic guideline values. The permits for dis-
charges are granted on a case-by-case basis by the Regional authorities or, in certain
circumstances, by the local environmental authorities.

The legislation does not mention the possibility of changing land use, but in practice
this is possible.
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Risk assessment results are not registered or recorded systematically and the reports
are normally prepared solely for the decision-makers. However, the regional govern-
ment centres record all remediation permits issued according to the former Waste
Management Act (1994) for contamination occurring before 1993, or the present Envi-
ronmental Protection Act. (Sections of the Waste Management Act referring to soil
contamination were repealed in 2000 with the new Environmental Protection Act). The
Finnish Environment Institute (FEI) also collects this information for a nationwide
register. No special attention is paid to risk assessment. In practice, risk assessment
results are used to estimate the possibility of deviating from the generic guideline val-
ues (e.g. to define site specific target levels) and being able to identify hot-spots or sig-
nificant exposure routes on which to focus risk management measures. Risk manage-
ment decisions might be made by land owners or regional or municipal authorities.
The authorities in the regional environmental centre give the final authorisation for
risk management measures.

There is no specific procedure for approval of risk assessment results. The former
Waste Management Act and the current Environmental Protection Act stipulate that
for reclamation to be approved, a permit has to be applied for from the regional envi-
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ronmental centre of, in certain circumstances, the regional environmental authorities.
Approval of the permit is linked to the risk assessment. Before final decision-making,
local authorities may request official statements from several expert organisations.
These requests may be restricted to risk assessments.
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There are no special provisions for brownfields in Finland as there are few areas that
can be so classified.

Stricter discharge limits than usual may be applied for some protected watercourses.
The authorities can make the recommendations in the protection plans for ground-
water.

For the re-use of sewage sludge there is a separate Council of State Decision which
gives general guidelines and maximum permissible concentrations of some heavy
metals according to the use of the sludge (agriculture, gardening, landscaping). This
decision is currently being updated. Concerning the use of mineral wastes (ash, slag,
waste concrete, contaminated soil, etc.) in land construction, a Code of Practice and
Guideline Values (permissible concentrations and maximum permissible solubility
values) to assess the environmental acceptability are given until the end of 1999. These
guidelines are intended to be used as a basis for the preparation of Council of State
Decisions with which some wastes can be removed from the waste permit Process. For
the year 2000 a project is planned in order to give environmental criteria and guide-
lines for recycling of slightly contaminated or processed (stabilisation or equivalent)
contaminated soil.
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In the application of the permit for remedial activity (Environmental permit or notifi-
cation) measures for the protection of remediation workers as well as plans for the
post-remediation site monitoring have to be presented. If the authority considers these
measures to be inadequate, specific requirements can be set in the final permit. Reme-
diation is considered to be completed only after a supervisor has stated this in a sepa-
rate decision.

The main objective of the generic target values given for soil is to maintain the multi-
functionality of the site. In this sense, sustainability is considered in soil protection.
Target values can be exceeded if the risk assessment process demonstrates that there is
no significant risk to humans or the environment (animals, plants, cultural environ-
ment, countryside). Sustainability is a general aspect of decision making so that only
solutions that are acceptable in the long run are normally accepted. Economic aspects
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play an important role, especially in residential areas. Community, political and social
concerns are taken into account as well as the BATNEEC principle.
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These criteria are not measured.
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There are no specific support procedures. The BAT principle is the starting point and
the main criterion in the selection of remedial actions has been cost effectiveness. In
case EIA procedure is demanded, an alternative ‘no action’ approach has to be consid-
ered.

Cost effectiveness is evaluated only qualitatively, no specific cost-benefit methods or
procedures, decision tables etc. are applied.

National guidelines for content and quality assurance of remedial plans are in prepa-
ration and expected to be finished during the year 2000. These will include guidelines
for documentation.

The primary factor driving decision-making for risk management seems to be cost.
However, long term performance and reliability as well as environmental benefits are
also important factors.
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The approach to dealing with polluted sites is derived from the legislation on envi-
ronmental management of industrial installations, and to a lesser degree, to the legis-
lation on waste management. There is no specific legislation regarding soil protection
or polluted sites. Four key policy documents define the principles for contaminated
land remediation - The Ministerial Directives of 3.12.93, 3.04.96, 31.03.98 and 10.12.99,
which relate to the management and remediation of contaminated sites (they are
linked to a law on environmental protection of 19.7.76).

The approach involves three steps:

a. The Inventory phase involves a systematic search for polluted sites - either active or
historical.

b. The Selection phase involves an initial characterisation of any site that the state or
any responsible party wants to study based on a simplified evaluation of risk. This
results in a threefold classification.

Class 1 sites requiring further investigation and detailed risk assessment;

Class 2 sites requiring monitoring and possible restriction on use; and

Class 3 sites may be used for specific purposes with no further investigation or
treatment.

In addition, Class 1 sites are investigated for the feasibility of treatment.

c. The Treatment phase is guided by a flow diagram and is highly site-specific giving
detailed evaluation of risks to humans and the environment, guidance on treatment
options and remedial objectives.

No decision support system is currently available for risk management. The approach
is normally on a case by case basis. Administrative decisions will normally involve all
participants in the risk assessment process.
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The decision-makers are the Prefects (administrative representatives) of the French
Government in the 99 Departments and the inspectors. The inspectors within these
Departments are members of the Directions Régionales de l’Industrie, de la Recherche
et de l’Environment (DRIRE). Owners of the site will also be involved. The remedia-
tion of orphan sites (sites where the responsible party is not able to pay) is funded by
public financial support. Since January 1999 a general tax on polluting activities
(TGAP) has been introduced to replace a complex range of previous taxes. The tax is
now collected directly by the State (previous taxes were collected by ADEME on be-
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half of the State). The State allocates the funding (or part of the funding) to ADEME,
which is in charge of conducting investigations and remediation measures (protection
of environment, security and health of the public) requested by the Prefect and the
Ministry of the Environment.

A key element in the French policy is the participation of the full range of stakeholders
involved in dealing with contaminated land including the local population. There is
specific guidance describes how to keep Municipalities and the population fully in-
formed of the state of play at a contaminated site and actively involved in the decision
making process.

According to the perception of problems associated with the site, the Prefect can de-
cide to inform representatives of the population (for example, the Mayor, environ-
mental organisations and residents associations) through special meetings called CLIS
(Commission of Local Information and Monitoring) during the whole of the investi-
gation and/or at the treatment steps. The information should be presented so that is
will be widely understood.
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French policy is characterised by two successive steps of assessment, a simplified risk
assessment (SRA) and a detailed risk assessment (DRA). Generic and/or limit values
are used in SRA to score the level of expected impact as a function of future land use.
National guideline values have been defined for two end uses (sensitive (residential)
and non-sensitive (industrial) uses). Guidelines are calculated from the main exposure
pathways (soil ingestion and soil contact and by vegetable ingestion for sensitive use).

The approach is a case by case approach based on the structure outlined above (In-
ventory; Selection; Treatment). In the first step of the risk assessment (SRA), only risk
for humans and water resources are considered-. If a site is found to be in Class 1, a
second step is then needed. At this level a quantitative assessment is conducted, tak-
ing into account specific receptors, for example human health, water supplies, ecosys-
tems and buildings can be considered according to the site.
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In the first stage (SRA) water and soil are considered as receptors. Three types of water
use can be distinguished (drinking water supplies, other uses, and future resources)
from two different origins (surface water and groundwater). The site is graded for
each receptor based on these uses.

Limit values are used to score the level of impact. These limit values are derived from
national or European limit values for water. Limit values for soil for a range of sub-
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stances and two types of end-use have been developed. They are already available for
two types of land use (residential use with vegetable gardens and industrial use).

If the results of Detailed Risk Assessment conclude that the risk of the current or pro-
posed use is unacceptable, then either the site use has to be changed or remedial action
is required. Whatever the decision the objectives or tolerable risk must be both techni-
cally and economically realistic.
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The persons responsible for the site (industrial operator, owner or ADEME in the case
of orphan sites) must present the risk study to the administrative authorities. How-
ever, because of the complexity and uncertainty inherent in the methods used, and the
absence of a recognised tool to quantify the risk there can be conflicts between deci-
sion-makers and those responsible for the sites. In an attempt to resolve, and to avoid,
these conflicts the French Ministry of the Environment has appointed INERIS (Institut
National de l’Environnement Industriel et des Risques) and BRGM (Bureau de Re-
cherches Géologiques et Minières) to act as independent experts in the consideration
of risk assessment results. The Prefect of the Department makes the final decision,
which must be followed, or, if the site use is restricted then the decision is recorded
and archived. There are recent national initiatives to address the management of risk
assessment results. If a site is to be sold, the seller is obliged to inform the buyer of the
potential risks. There is now a move to make all information about soil pollution easily
accessible, especially when a development project is planned. The results of any risk
assessment must be systematically presented to the mayor, and sometimes public
meetings (CLIS) may be organised to inform the representatives of the public.

The Prefect of the Departments approves decisions about use of sites and remediation
actions.
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According to the polluting activities concerned there are special regulations to monitor
the practices and avoid pollution. For example waste discharges by factories are
monitored and must not exceed threshold values. In agriculture spreading of sewage
sludge and liquid manures is also regulated.

There are funds available to assist those responsible for site remediation.

Orphan sites are managed by ADEME with funds derived from the ‘pollution tax’
(TGAP).

For sites representing a risk to water resources, funds may be obtained from some
water agencies.

For Brownfield sites there may be regional support.
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The responsible party (site owner, site operator or in the case of orphan sites ADEME)
must check the remediation during and after the operation. There are two options to
check on the efficacy of a treatment for soil. Either an independent laboratory samples
and analyses the treated soil, or the site operator samples and analyses and their re-
sults are cross-checked by an independent laboratory. ADEME usually uses the sec-
ond option. For example, the results from 8-hourly sampling at the operator’s on site
laboratory (at a site with soil contaminated with chlorinated solvents) were validated
each week by an independent laboratory. The site laboratory results were correlated
with the independent laboratory results before comparison with the remedial targets
for each pollutant. Validation of each batch of results is dependent upon this checking.

Sustainability and environmental merit have not featured directly in decision making.
This has been recognised and discussions are in progress to incorporate these ideas
into future activities. Psycho-sociological impacts are an increasingly important con-
sideration.
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These are not currently measured.
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There is no national procedure to support the choice, planning and/or design of re-
medial approaches to polluted sites in France. ADEME is developing an approach for
contaminated sites based on a multi-criteria analysis (ELECTRE) which was developed
for decision-making on environmental problems. This is at the preliminary stage,
having been tested only on selected orphan sites. The method involves five main steps:

1. An inventory of potential scenarios;

2. Selection of criteria by an expert panel based upon a. Technique (feasibility and
reliability), b. Economics, c. Psycho-sociology and d. Administrative details;

3. Grading of criteria (only economic criteria are quantitative, other criteria are scaled
in a quasi-numerical manner);

4. Weighting of criteria (according to site use);

5. Multi-criteria analysis (summarising the information from the previous stages).

The approach involves pair-wise comparisons.
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The flow diagram used in Germany involves three steps:

1. Identification and Historical data collection

2. Investigation and Risk Assessment

3. Remediation and Monitoring

There is no explicit decision support system for risk management. Trigger values and
the method for their derivation provide the framework for risk management. The trig-
ger levels for the “direct contact” pathway are based on the worst case scenario. It is
necessary to make the decision whether these worst case conditions prevail at a par-
ticular site or whether the conditions are less severe. A similar approach is taken for
the “soil – plant” pathway, but no method is available yet for the “soil – groundwater”
pathway.
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The local authorities are normally the decision-makers; polluters and land owners are
also involved. The individuals or institutions who may be affected by any remedial
actions must be informed under the Federal Soil Protection Act, and they may demand
consultation and involvement in all stages of the decision-making process.

The documents required to estimate the potential pollution at the site and those relat-
ing to remedial measures proposed are available for public consultation. Where com-
mercial / confidential information is included, full summaries must be provided as
alternatives to the original documents.
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The Soil Protection Act specifies that the federal government is authorised to issue or-
dinances that specify limit values, which if exceeded shall necessitate action. Exceed-
ing the action values requires remedial action; exceeding the trigger values requires
further investigations and a specific risk assessment to decide whether remedial action
is necessary. These values include consideration of the relevant soil use; but they do
not consider soil use if the threat for the groundwater is assessed.

The trigger values are based on:

•  Toxicological reference data (e.g. Tolerable Daily Intake);

•  A lifetime cancer risk of 10-5 is considered tolerable for carcinogenic substances;
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•  Exposure model based on soil ingestion is used for sensitive areas (e.g. residential);

•  Exposure model based on soil inhalation is used for industrial areas;

•  Substance specific considerations.

The list of trigger values for the “direct contact” includes 13 substances and four cate-
gories according to sensitivity of use.

Human health risks and land use risks are considered in the context of pathway mod-
els. For example, the “direct contact” pathway considers different approaches with
respect to land use; a. play grounds for children; b. residential areas; c. parks, recrea-
tion areas; d. industrial areas. For the “soil-plant” pathway there are differences con-
cerning soil use; a. agriculture; b. gardening; c. green land (non-cultivated). No differ-
ent approaches have been developed for the “soil-groundwater” pathway.
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The site use is considered in the “direct contact” and “soil-plant” approaches. Differ-
ences have not been developed for the “soil-groundwater” pathway.

The site use can be changed if decontamination measures and measures to contain
contamination are not possible, or if they cannot be reasonably required; in that case
other protection and containment methods such as the change of site use may be ap-
plied.
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There is no handling or recording of risk assessment results at the federal level. If risk
assessments have been made the results will usually form part of the regional registers
of (potentially) contaminated land. There is no procedure for approval and consequent
use.
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There are no special provisions for Brownfield sites. Groundwater that is contami-
nated by polluted soil has to be remediated. There are 27 substances considered in the
“soil-groundwater” pathway and the trigger values are based mainly on drinking
water standards. The differences between diffuse and point source pollution are prin-
cipally in terms of sampling and assessment.
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The Federal Soil Protection Ordinance requires the assessment of environmental im-
pacts. It is not specified how these must be undertaken. Sustainability issues are not
mentioned specifically.
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The Federal Soil Protection Ordinance requires from studies in connection with reme-
diation investigations:

•  the suitability of methods with respect to pollutants, soil, material and location;

•  the technical feasibility;

•  the time requirement;

•  the effectiveness with regard to the remediation objective;

•  a cost estimate as well as the proportion of costs and effectiveness;

•  the impacts on the parties concerned as well as on the environment;

•  the requirement of licences;

•  the generation, recovery and disposal of waste;

•  industrial safety;

•  duration of the effect of the measures and possibilities for monitoring them;

•  aftercare requirements; and

•  possibilities for subsequent improvement.

The Federal Soil Protection Act identifies the need to specify experts in the various
fields of dealing with contaminated sites. The Länder have recently issued the criteria
for those experts.
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The Federal Soil Protection Ordinance identifies the requirements for support proce-
dures in place or planned for the remedial decision-making and the role of decision
support techniques. Cost efficiency assessments are included.

Risks for the soil functions (both natural and soil use functions) are the primary driv-
ing factors in decision-making.
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There is no specific legislation dealing with contaminated land and thus there are no
flow diagrams for the procedures dealing with contaminated land. There are more
clearly specified procedures in respect of municipal and hazardous wastes manage-
ment, aspects of which are closely related to contaminated land. To date there is no
decision support system for risk management.
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The decision-makers are the government, together with regional, prefectural and local
authorities. Other participants in the procedures, mainly regarding the development
of legislation and the planning of environmental management programmes are: envi-
ronmental organisations; industry; interested private bodies and associations; NGOs;
prefectural councils and citizens.
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A site specific risk assessment is generally used in decision-making. The risk assess-
ment uses criteria defined by the USEPA or European governments or agencies.
Where appropriate CEN methods are used and also OECD guideline/screening val-
ues.

The Greek legislation does not provide for different levels of risk assessment.
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“The Framework of specifications and general programmes for solid waste manage-
ment” lists the following post-remediation site uses:

•  reintegration in the natural environment

•  areas for public use

•  forest districts

•  grazing land

•  recreational areas

There are guidelines as part of the legislative programme that define guideline values
for drinking water, swimming, fish farming etc. (They are based on EU directives.)
Matters related to soil use are specific to agricultural uses of soil.
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Risk assessment is site specific and uses USEPA or European approaches. Where ap-
propriate procedures identified for handling municipal and hazardous wastes will be
used.

���( ��	���! � �"�	���	7��+"� ��'�)	+�$��	����,�(��)	' ��,��	(�"$�� "�$ �"

There are a number of legislative items that refer to water resources, contamination
from agricultural use (including sewage sludge). Most are derived from EU directives.
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There is a legislative framework to consider the environmental impacts during and
after the remediation works. This is built into the planning, evaluation and decision
making process.
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The government co-operates with experts from Greek Universities, national Institutes
and scientific Chambers and Associations, together with some private environmental
consultancies with significant relevant experience.
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Risk based remediation objectives, cost and feasibility are all considered as primary
factors in decision making.
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Ireland does not have legislation dealing specifically with contaminated land. A risk-
based approach is used in the assessment of contaminated land, but it is not part of the
legislative framework.
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Those involved in the decision-making process include: the local planning authorities,
the Department of the Environment and Local Government, the Environment Protec-
tion Agency and site developers.

Citizens are invited to make submissions when an application is submitted and can
raise objections if permission is granted. Citizens may view any EPA licences that have
been granted. If an Environmental Impact Assessment is required the public are in-
volved during the EIA process.

All information is available to the public.
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Fixed, generic or limit values are not used, although this is currently under review. In
some cases approaches from other countries are used (e.g. Dutch intervention values,
UK ICRCL values). The EPA has published documents which are under discussion on
environmental quality standards for surface water, and plans are in place to produce
discussion documents for soils and groundwater. There is no legislation on risk as-
sessment.
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There is no specific legislation on soil/site use – there is legislation in relation to sur-
face water use (e.g., fit to drink, suitable for salmon). If groundwater is used to supply
drinking water for human consumption then the national drinking water standards
apply.

It is possible to change from high quality use of the soil to a lower quality use, if a
more suitable use can be determined by undertaking a site specific risk assessment.
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Where a risk assessment has been carried as part of an Integrated Pollution Control
Licence or as a Waste Licence it would be assessed by the Environment Protection
Agency. Licence conditions may be based on the risk assessment.

No formal procedures have been developed for recording and using the results of the
risk assessment but where an application for Integrated Pollution Control Licence or
Waste Licence is accompanied by a risk assessment, the results would be used in set-
ting conditions for the licence.
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The Department of the Environment and Local Government (DELG) has developed an
Urban Renewal Scheme (1998) which gives financial incentives for the development of
brownfield sites in urban areas. The DELG, the EPA and the Geological Survey of Ire-
land have developed a methodology for the preparation of groundwater protection
schemes and have also prepared response matrices for potentially polluting activities
such as the landspreading of organic wastes, landfills and waste water management.
Surface water quality management plans are dealt with under the 1977 Water Pollu-
tion Act.

The 1977-90 Water Pollution Acts deals with agricultural diffuse pollution. Nutrient
management plans for schemes involving fertilisers, organic wastes, silage effluent etc.
may be required. The EPA licenses the application of organic wastes from intensive
agricultural enterprises such as pig and poultry units under IPC licensing and the dis-
posal of organic wastes to land which are not exempted under the Waste Management
Act of 1996.
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The environmental impacts are dealt with by ongoing monitoring as agreed between
the authorities and developers and are specified in the licence conditions for a par-
ticular site. There are no formal procedures in place, however consideration is given to
the above during site specific analysis.
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These are not considered.
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BATNEEC and BAT principles are used on a site-specific basis.
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The national ‘Regulation for Remediation of Contaminated Sites’ (DM 471/99) does
not include a flow diagram. There are no decision support systems specifically indi-
cated in the legislation. Risk assessment models (RBCA Tool Kit, ROME, Giuditta, etc.)
are used to support decision strategies.
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Regional administrations provide guidelines for remediation and inventories of con-
taminated sites; municipal administrations authorise site investigation and remedia-
tion projects; and provincial administrations certify that remedial actions have met
remedial goals. Site owners and liable parties undertake remedial procedures and risk
assessment. In the case of sites of national interest, the Ministry for the Environment
together with other public institutions, local authorities and the ANPA (Italian Envi-
ronmental Protection Agency) authorise remediation projects together with other in-
terested parties such as trade unions and environmental non-governmental organisa-
tions.

There is no formal process of communication or community involvement. Citizens are
informed through public debates and the media.
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The remedial process is linked to legal generic concentration limits in soil and
groundwater: if these are exceeded the contaminated site must be cleaned up to at
least the legal limits.

Whenever, according to BATNEEC considerations, this is not achievable, higher site-
specific levels may be accepted as target remediation values, subject to ‘safety meas-
ures’ and a site specific risk assessment. As compared to the ASTM/RBCA scheme this
corresponds to Tier 2 risk assessment. Tier 1 risk assessment for screening purposes is
seldom carried out, but rather the legal non risk-based limits are used.
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Two categories of land use are envisaged by the present legislation and two sets of
limits for soil in residential or recreational sites, and commercial or industrial sites are
listed. No particular end uses for groundwater are identified.
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A change of land use is only allowed in the case of ‘remediation with safety measures’
- whenever remediation cannot reach the generic legal set of limits. A risk assessment
may support the change to a less sensitive land use.
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The Municipal Authority evaluates the results of the risk analysis within the remedia-
tion project authorisation. Risk assessments reports are kept with the local land plan-
ning records. For sites of national interest, government authorities co-ordinate the
projects and keep the records of risk assessment results. Risk assessment results are
approved within the remediation project authorisation process by the responsible local
or national authority.
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There are no special provisions for brownfields now or in the foreseeable future, al-
though a specific law on sites of national interest highlights the importance of regen-
eration of unused areas within large industrial sites, some of which are included in the
urban territory. Groundwater protection and remediation (for drinking water or other
uses) is considered within the site remediation legislation, which does not consider
diffuse pollution problems and agricultural land-uses.
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A specific environmental impact authorisation is foreseen for the type of treatment
plants listed in the EIA legislation. There are no clear or specific references to EIA or
IPPC in other cases. Sustainability issues and environmental merit are not considered
under present legislation, but these issues are promoted by following BATNEEC prin-
ciples and by stated limitations on landfill use. However practice may contradict these
principles, as compliance with fixed limit values appears to prevail over promotion of
sustainable and risk-based solutions.
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These effects are not directly measured, but BATNEEC principles are referred to, with
respect to the need for reducing waste transportation and production.
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ANPA developed a specific national approach for risk assessments (1997) following
RBCA and CONCAWE schemes, and developed a specific software tool to assist the
process.
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No decision support procedures are available yet from public agencies, but considera-
tion of BATNEEC principles, limitation of ‘dig and dump’ practices and careful as-
sessment of environmental impacts from remedial actions, are stated. No specific cost-
benefit analysis guidelines are available so far.

The primary factors driving decision-making for risk management are risks to human
health and the environment, and compliance with legal limit values.
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There is a complex set of flow diagrams available for a variety of questions relating to
contaminated land management, but these have common threads:

•  Is the site a potential risk?

•  Is remediation urgent? – based human toxicology, ecotoxicology or rate of disper-
sal of material

Remedial objectives

Current approaches are driven by risk assessment rather than by the need to remove
contaminated material (which characterised some earlier approaches).

A range of decision support tools are available commercially such as REC (see Section
5.4) and SUS (Saneringsurgentiesystematiek - system for environmental prioritisation
of clean-up)
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The major decision-makers are the party forced to remediate a site and the competent
authorities (i.e., the Provinces plus the four largest cities). Responsibility for remedia-
tion lies in the following sequence:

Polluter > Owner > Party making profit on the site > Provincial Government.

Other party involvement is encouraged if relevant.  Residential remediation will in-
volve the residents; they are provided with funds to optimise their involvement.
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Generic values are only used at the first stage of contaminated land assessment. Spe-
cific risk assessment is used to assess the urgency of the remediation and involves a
number of ‘conservative’ values. Different levels/stringencies of risk assessment are
provided for depending on the problem and end use.
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The situation is exceedingly complex in the Netherlands. For example, there are three
kinds of quality objectives for each medium of soil, air and water, as well as three dif-
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ferent risk levels. The end use of a site may be changed if soil contamination cannot be
completely remediated.
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Consultants are hired to undertake the assessments by the party required to remediate
the site. The Province must approve the risk assessment and the proposed solution.
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It is only permitted to remediate pre-1987 contamination to a specific land use. New
pollution must be completely remediated. The remediation of aquifers/surface waters
is covered by the Preventative Soil Protection Regulations.
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These issues form part of environmental licensing. According to the traditional policy
that prevailed in the Netherlands, there was a need for remediation if the intervention
values were exceeded. The timetable for remediation was determined by the nature of
the actual risks of the present or future use of the site. Sustainability was addressed
only in terms of the ‘costs’ of remediation and specifically with respect to the choice of
remediation procedure. The remediation procedure involved two approaches; the total
remediation and return of multifunctionality; alternatively an ICM (Isolate-Control-
Monitor) approach. The ICM approach was allowed if the total remediation would
result in environmental problems, was technically not feasible, or was too costly. Fol-
lowing recent changes the policy allows more flexibility and will consider the relative
environmental merits of the remediation procedures and the remediated site, allowing
for a lower degree of remediation if the impact of the remediation procedures will be
‘environmentally costly’. Applications of current and future versions of REC will in-
crease; in addition political considerations may be important.

Urban developments and land use planning are the main driving forces in remedia-
tion projects. If land use does not change and there are no actual (only potential) risks,
then there will be no remediation.
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There is no uniform approach in measurement of these effects. Where the Isolate-
Control-Monitor (ICM) approach has been chosen on the basis of technical or envi-
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ronmental problems a translation in financial terms would be made, but mostly the
approach has been to make qualitative evaluations and rely upon the common sense
of the competent authorities. There is a formula approach to cost the restoration of site
to multifunctionality. If the costs of full restoration were twice the costs of ICM then
the restoration to multifunctionality is considered to be too expensive. This will
change under the new policy.

There are a large number of experts, but here are no plans for the development at a
national level of a formal decision support system.
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The REC model will be developed. The primary factors in driving decision-making are
the benefits in terms of fitness for current or future use. Environmental benefit (less
aftercare, less environmental impact), cost and technical feasibility are factors which
are also considered.
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A flow diagram summarises contaminated land management processes. Its steps are
as follows:

1. Problem Description;

2. Investigation and Risk Analysis;

3. Implementation of remedial measures; and

4. Terminating the Case.

Between each of these steps there is a control and decision-making phase which de-
termines whether it is possible to progress through to the following step. There are
decision support systems available in Norwegian.
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The polluter is considered responsible for remediation with the owner next in line. The
decision-makers are the environmental authorities at national or regional level.

The official procedure implies that various stakeholders are entitled to comment on
remediation plans and have legal rights to present alternative solutions and docu-
mentation to the authorities.

Plans are published in at least two local papers and as much as possible is ‘translated’
into a language which should be easily understood (this does not apply to risk as-
sessment information which is not always fully communicated). Public hearings are
occasionally carried out.
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Generic values (e.g. Dutch) are only used at the first stage assessment of contaminated
sites. Operative limit values with respect to the extent of remediation are derived on a
case by case basis. This is coupled with enhanced use of site specific risk assessment.
Differing levels/stringencies of risk assessment are not directly considered in the
Norwegian legislation, but according to guidelines it may be appropriate to use vari-
ous levels of site specific risk assessment.
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There is no limit on the aspects which are to be considered. All relevant negative im-
pacts that a contaminated site may pose to a soil, land or water must be described,
identified and assessed in all cases. There are also various characterisations of land
use, in accordance with national planning and building legislation. It is possible to
change land use after consideration of risks involved.
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Risk assessment is the basis for decisions and they are filed as general data on a site.
There are no detailed procedures.
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There are no specific provisions for brownfields. Surface waters are considered under
the national environmental targets. Diffuse contamination is not specifically consid-
ered.
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Monitoring during and after remediation is essential for verification of environmental
impacts. In general it is considered to be more sustainable to manage re-use of con-
taminated land rather than developing new greenfield sites. Cost beneficial ap-
proaches are preferred. Remediation should be compatible with local planning, but
must not lead to an excessive cost.
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These aspects are not measured, but are included in the remediation projects, both by
the polluters and not at least by the authorities.
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Support procedures are currently under review following a pilot study. Legislation is
the driving force for decision-making.



���
:��

1��+	 ' �#����0'�( � �"	 �,����$	 $����	 *��.	 ���	 ��"�#���"$	 ���(�',���	 ��	 (�"-
$�� "�$�'	��"'

There is no specific legislation on contaminated land. However, there is a programme
to produce legislation on contaminated land towards the end of 2001. There is no risk
assessment decision support system. When necessary the criteria employed in the Ca-
nadian and USEPA systems are used.
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The environmental and economic Ministries are the decision-makers, with universi-
ties, municipalities, Regional Directorates of Environment, government institutions
and industries as the stakeholders.

Local inhabitants are informed and invited to contribute to the discussions. Environ-
mental organisations usually participate in the public debate. There are newspaper
articles, conferences and public debates to communicate information.
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When necessary the criteria employed in the Canadian and USEPA systems are used.
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In water legislation limits are established for human consumption and agricultural
use. In agricultural practices the use of sewage sludge is regulated by law.
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There are no specific procedures at present.
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Brownfields – this is a new concept in Portugal. The industrial waste plans include a
proposal to create a fund (similar to ‘Superfund’) to rehabilitate the identified sites.

There is specific legislation to protect surface and groundwater resources.
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Portugal has a code for the best agricultural practices; legislation regulates the use of
sludges.
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At the outset an Environmental Impact Assessment is performed and the report of this
study is submitted to a public discussion and technical analysis before final approval.
During and after the execution period the process is monitored following a legal
framework.

There are no defined criteria to consider environmental impacts.
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Currently there is no information available.
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In some cases the BATNEEC criterion is used. Cost, feasibility and future use are the
primary factors driving decision-making.
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There is legislation on waste (Waste Act, April 1998) that includes a chapter for con-
taminated soil. This legislation states the framework policy providing the basis for soil
contamination management in Spain. At the moment this legislation is being devel-
oped in more detail. The flow diagram and the decision support tools will be devel-
oped in near future.
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The polluter is considered responsible for remediation with the owner next in line. The
decision-makers are the environmental authorities at  regional level.

According to soil legislation, regional authority has to develop an inventory of con-
taminated sites and its priority list. Regional authority has to certify the site remedia-
tion, carried out by the responsible, in order to take it out of the inventory.

Local authorities are also involved and the participation of the community is pro-
moted if required.
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Limit values are currently under development.
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The reference values are in development and will include different values for different
soil uses. Site use changes are not specifically defined.
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No specific risk analysis procedure is currently available, but consultants normally use
risk assessment and risk management. The approach is on a case by case basis.
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There are not yet any special provisions for brownfields, but the legislation provides
for the possibility of agreement between the parties responsible for soil remediation
and the authorities. There are no special provisions for diffuse contamination.
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Environmental impacts of a remediation system are considered in order to choose the
most appropriate remediation technology, but in practice there are no defined criteria
to evaluate these impacts.
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There are no formal guidelines for measurement.

�,����$	���(�',���	 "	���(�	��	���""�'	���	$5�	����' ��	'�( � �"-��% "#)	$5�	����
��	 '�( � �"	 �,����$	 $�(5" E,��D	 �� ���&	 ��($���	 '� ! "#	 '�( � �"-��% "#	 ���	 � �%
��"�#���"$

There are no decision support procedures available yet.

The primary factor driving decision-making is protection of human health and the
environment.
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In Spain the waste management legislation provides the basis for soil contamination
management for the whole country. However, each Autonomous Community (the
regions) is responsible for developing its own criteria for soil contamination manage-
ment within its territory. Catalunya, the Basque Country, Valencia, Andalucia and
Galicia have already established these criteria. This section describes the situation in
Catalunya.
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There is legislation on waste (the Catalan Waste Act, July 1993) which defines the re-
sponsibilities for soil remediation, but the management of contaminated soil was not
specifically regulated. A flow diagram has been developed as a technical guideline; it
summarises the process of dealing with contaminated land and involves five steps:

1. potentially affected sites;

2. soil suspected of contamination;

3. affected sites;

4. contaminated sites;

5. remediated site and monitoring of sites.

In each of these steps there is an assessment and a tool to help with the decision-
making process to determine whether it is necessary to progress through to the subse-
quent step.

��� ��������� ��

potentially affected site Initial identification of the problem simplified risk as-
sessment

soil suspected of con-
tamination

Investigation to identify the prob-
lem

soil quality criteria

affected site Detailed investigation and detailed
risk assessment

risk analysis

contaminated site Selection of remedial measures and
definition of remediation goals

Remediated site and
monitoring

Implementation of the remediation
and monitoring following reme-
diation
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� ��� � �'	� �%	��������"$� This is qualitative approach to identify source-pathway-
receptors. It identifies the probability of risk at the first stages of the investigation
where no analytical data are available.

�� �	 F,�� $&	 �� $�� �. Generic values have been defined in Catalunya to compare
analytical data from the investigations.
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The responsible party for soil remediation is the polluter with the owner next in line.

The Catalan regional authority is the decision-maker, and in some cases the local
authority. The stakeholders involved include all parties responsible or interested in
the remediation: Polluters, owners, consultants, developers. Participation of the com-
munity is promoted depending on its implication in the case and neighbours are in-
formed if they are affected.
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In Catalunya provisional soil quality values have been fixed (Soil Quality Criteria)
both for industrial and non-industrial use. These values will be reviewed for imminent
legislation. If these values are exceeded, soil is defined as an ‘affected’ soil and a more
detailed investigation including a detailed risk assessment is required. If the risk as-
sessment identifies unacceptable risk, the soil is defined as a contaminated and reme-
diation is obligatory.
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The reference values for soil and site use include industrial use and residential use.
Water is considered as drinking water if appropriate. In some cases the possibility for
site use to be changed is considered, if remediation is not feasible.
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There are no specific risk analysis procedures at present. Risk assessment is normally
carried out by consultants on a case by case basis. The results of the risk assessment
are taken into consideration in defining the remedial objectives.
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Brownfields are a new concept and there are currently no special provisions for
brownfields. This is a problem that needs to be approached. Water resources are con-
sidered under national legislation. Diffuse pollution is not specifically considered.
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Environmental merit and economic merit are a key part of the decision-making proc-
ess for the remediation activity. There are no guidelines for ranking.
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There are no guidelines for measurement.
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There are no support procedures, although a cost-benefit analysis is undertaken.	The
primary factors driving decision making for risk management are risk based remedia-
tion objectives – cost, feasibility, planned site use.
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This section contains observations concerning the situation in Sweden based on an
analysis of the information presented on the Swedish EPA’s web site (���������
����)
and supplemented with information from Martin ������ (1997).

1��+	 ' �#����0'�( � �"	 �,����$	 $����	 *��.	 ���	 ��"�#���"$	 ���(�',���	 ��	 (�"-
$�� "�$�'	��"'

Forms are provided to assist in systematically collecting data and performing a risk
assessment. The information is plotted diagrammatically to ease interpretation and
decision making. There is not a flow diagram as such.

A broad decision support system exists which addresses health risks and environ-
mental risks. This involves information on:

•  hazards of the pollutants;

•  concentrations of the pollutants in question;

•  the migration potential of the pollutants (related to such factors as soil characteris-
tics and groundwater circulation);

•  the site’s sensitivity (risk of human exposure to pollutants); and

•  protective value (the presence of valuable natural features in the surrounding
area).
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The following stakeholders are involved in decision-making:

•  National (Ministry of the Environment, Environmental Protection Agency) gov-
ernment;

•  Regional government (responsible for heavy industry);

•  Local government (responsible for small-scale industry and planning);

•  Site operator;

•  Land owner (possibly).
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Guideline values are given for a wide range of potential metal, other inorganic and
organic pollutants in polluted soils, groundwaters at polluted petrol stations and pol-
luted surface waters. The guideline values establish limits that cannot be exceeded
without risk to human health and the environment. The further over the limit value,
the greater the risk.
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In addition, reference values are given for polluted soils, polluted groundwaters, pol-
luted surface waters, polluted sediments and polluted marine sediments. The refer-
ence values are used to derive estimates of the pollution levels that would have ex-
isted if the area being studied had not been polluted from a point source. These refer-
ence values reflect the natural levels of the relevant substances, plus any additions re-
sulting from the large-scale spread of pollution.

These values are linked to hazard and risk assessments.

There are three phases of risk assessment (risk classification, simplified risk assess-
ment, and detailed risk assessment) which consider transport and migration of con-
taminants, exposure and impact on human health and the environment. Sites are then
classed from Class 1 (very high risk) to Class 4 (low risk).
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Two types of land use are considered – ‘sensitive’ (housing, any general soil use) and
‘less sensitive’ (traffic installations and industrial areas).
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There is no information available.
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There is no information available.
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� (�$ �"	 �"'	 �!��,�$ �".D	 + '��	 �"! ��"��"$��	 !��,�D	 �"'	 �,�$� "�8 � $&	  ��,��	 ��
$5�	����' �$ �"	�&�$���

There is no information available.

����,����"$	��	+ '��	�"! ��"��"$��	����($�D	�(�"�� (	��� $�D	 (���," $&)	��� $ -
(��	�"'	��( ��	(�"(��"�D	�"'	�,�$� "�8 � $&�		5�	�����$�	 "	'�!���� "#	���	���	� �%
��"�#���"$	�"'	�,�$� "�8 � $&�

There is no information available.
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Health and environmental risk are the primary factors driving decision-making for
risk management.



�2�G������

1��+	 ' �#����0'�( � �"	 �,����$	 $����	 *��.	 ���	 ��"�#���"$	 ���(�',���	 ��	 (�"-
$�� "�$�'	��"'

There are four main stages in contaminated site management:

1 Registering of sites;
2 Preliminary investigation (does the site need remediation? A basic risk evalua-

tion);
3 Detailed investigation (detailed risk assessment, definition of remediation

goals, definition of delays to be expected); and
4 Planning and realisation of remediation including monitoring of the site.
There is a computer based decision support system for the registration of sites and to
support the initial decision on the necessity of an initial investigation. Development
work is underway for later stages in the process, involving considerably more detailed
information. This focuses in particular on the link between soil and land as a source of
pollution through the unsaturated zone into groundwater. The model will follow the
broad outline of the SISIM model produced by Germany.

5�	'�( � �"-��%���)	(���," $&	 "!��!���"$	�"'	 "�����$ �"	(���," (�$ �"

Federal authorities set general quality standards and/or target values etc. The Cantons
(local authorities) take most decisions on specific cases within the given limits set at
the Federal level. Communities and citizens are involved if they are directly concerned
with a specific case. Environmental organisations are not usually involved. The regis-
ter of polluted sites, which also includes information about investigative and remedial
actions taken on registered sites, is open to the public. Communication is important
between concerned parties. Appropriate information and communication is indispen-
sable in dealing with contaminated sites.


��	��	� ��')	#�"�� (	�"'0��	�$5��	 � � $	!��,��	�"'	 $5�	����	��	���( � (	 � �%	������-
��"$�

There are limit values (for groundwater surface water, leachates, soil, and air) that in-
dicate the necessity to monitor or remediate a site. If a given value is exceeded the site
must be remediated and/or monitored. It is acknowledged that specific risk assess-
ments are needed at all stages, including preliminary and detailed investigations.

There are different levels of stringency. A preliminary investigation would have few
input data. A detailed investigation would have much input data, and involve the de-
velopment of a detailed study in order to determine the urgency and extent of further
measures required (including definition of remediation goals). A worst case estimate
would involve a decision on the necessity to take action.
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Agricultural use, gardens, and children’s playgrounds are considered for soil use, and
drinking water is considered for water use. Site use can be changed with respect to soil
contamination but not with respect to groundwater use. Soil protection legislation
gives a set of guidance/test/remediation values that need to be considered when deci-
sions are to be made on whether the nature of the soil at a site is still acceptable for a
particular use.

��"'� "#)	��(��' "#	�"'	,��	��	� �%	��������"$	���,�$�

Local authorities (cantons) use the results on a case by case basis. There is no require-
ment to keep records. After remediation of a particular site the remediation measures
performed and the remaining risks at a site have to be communicated to the cantons
by those responsible for the remediation. The decision on the use of the results lies
with the cantons. The cantons have to notify the Federal Agency of the remediated
sites and of the measures ordered.

���( ��	���! � �"�	���	7��+"� ��'�)	+�$��	����,�(��)	' ��,��	(�"$�� "�$ �"

There are no specific provisions for brownfields. There are federal laws dealing with
water protection; and there are guideline directives on diffuse pollution (included in
the federal ordinance on air pollution control) - in agriculture there is a code of good
practice, as well as limit values and codes of practice on the use of sewage sludge.

��"� '���$ �"	��	�"! ��"��"$��	 ���($�	��	$5�	����' �$ �"	�&�$��	*���"" "#)	!�� -
� (�$ �"	 �"'	 �!��,�$ �".D	 + '��	 �"! ��"��"$��	 !��,�D	 �"'	 �,�$� "�8 � $&	  ��,��	 ��
$5�	����' �$ �"	�&�$���

These are standard actions of any remediation programme. The existing remediation
directive accounts for these effects. The remediation measures, geared to the individ-
ual case – ecologically sound, technically possible and financially bearable - are to be
worked out within the remediation project. The remediation project provides the
authorities with an instrument with which to assess the proposed measures and to
definitively establish in consultation with the affected parties the remediation objec-
tives and measures.

Sustainability is generically mentioned in the ordinance on contaminated sites in vari-
ous ways. Long-term effective and sustainable remediation means that after no more
than one or two generations, the remediated site can be safely left to posterity without
any further measures. Similar requirements apply for containment procedures. In es-
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tablishing securing measures for sites, attention must additionally be paid to long-
term maintenance, monitoring, overhauling and seizure of the requisite financial
means. Negative environmental impact at polluted sites that have been secured can
only be prevented as long as the securing measures function.

If the remediation efforts to achieve the remediation goals would result in more harm
to the environment then alternative remediation approaches would be considered.
Wider economic merits such as effects on the regional economic redevelopment are
only rarely driving forces.

Community, political and social concerns do not feature greatly in decision-making.

����,����"$	��	+ '��	�"! ��"��"$��	����($�D	�(�"�� (	��� $�D	 (���," $&)	��� $ -
(��	�"'	��( ��	(�"(��"�D	�"'	�,�$� "�8 � $&�	5�	�����$�	 "	'�!���� "#	���	���	� �%
��"�#���"$	�"'	�,�$� "�8 � $&�

The approach is based on Life Cycle Analysis in which environmental burden and en-
vironmental merit are quantified based on mass and energy flows yielding and overall
environmental merit. The Swiss Agency for the Environment, Forests and Landscape
leads the consideration of sustainability for the remediation of contaminated sites.

There are relatively few commercial organisations with expertise in dealing with the
identification and remediation of contaminated sites.

�,����$	���(�',���	 "	���(�	��	���""�'	���	$5�	����' ��	'�( � �"-��% "#)	$5�	����
��	 '�( � �"	 �,����$	 $�(5" E,��D	 �� ���&	 ��($���	 '� ! "#	 '�( � �"-��% "#	 ���	 � �%
��"�#���"$

No particular procedures are used or are available to stakeholders. Generally a reme-
diation project is presented on behalf of the problem holder by consultants. It must
deliver complete and understandable decision bases for the definitive establishment of
remediation objectives and deadlines. The regulatory authority must approve these
proposals. The minimum requirements are set in environmental legislation, there is a
great deal of flexibility on how and over what timescales for remediation above these
minimum standards, taking account of costs and acceptable environmental impacts.

Cost–benefit analysis plays a significant role. Other techniques may also be used de-
pending upon size, significance and cost implications for a given site.

The current directive on remediation projects highlights the issues and evaluations
that have to be dealt with in the remedial design project prior to approval by the com-
petent authority.

The primary factors driving decision-making for risk management are:

•  Risk based remediation objectives;

•  Cost effectiveness;
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•  Environmental merit/ sustainability;

•  Planned redevelopment; v. feasibility;

•  Time required and time available;

•  Space and other site-specific constraints.




����	4��:���

1��+	� �#����0��( � �"	�,����$	����	*���.

UK legislation on contaminated land is contained primarily in the

Section 57 of the Environment Act 1995 which introduced a new Part IIA into the En-
vironmental Protection Act 1990, and the

Town and Country Planning Act.

These are supplemented by statutory and non-statutory guidance, notably the DETR
Circular 02/2000, and Planning Policy guidance No. 23, and equivalents for Scotland
and Wales.

Part IIA was implemented in April 2000 in England, in July 2000 in Scotland and July
2001 in Wales. It will be implemented separately in Northern Ireland. For England its
operations are outlined in a statutory guidance document Circular 02/2000 (DETR
2000). Local authorities are the primary regulator under Part IIA, while the environ-
ment agencies provide technical advice (particularly on aspects of water pollution),
and in regulating ‘special sites’. The Environment Agency of England and Wales has
published a guide to regulatory procedures for implementation of Part IIA (Environ-
ment Agency 2000).

The implementation of Part IIA is being accompanied by a raft of technical guidance
publications and training, being published by the Department for Environment, Food
and Rural Affairs (DEFRA), the regulatory agencies, and other bodies such as CIRIA
(The Construction Industry Research and Information Association).

The ‘Model Procedures for the Management of Contaminated land’ is in preparation
by the Department for Environment Food and Rural Affairs and the Environment
Agency. The �
���� !�
#��"��� will set out good practice for the overall process for
managing contaminated land. They combine the tasks carried out when dealing with
land which is, or may be, contaminated into a sequence of steps incorporating risk as-
sessment and management. This framework incorporates existing good technical
practice for assessing and managing the risks associated with contaminated land into a
systematic process for identifying, making decisions about and taking appropriate ac-
tion to deal with the contamination in a way that is consistent with UK legislation.
The three primary model procedures are:

•  Risk assessment;

•  Evaluation and selection of remedial measures;

•  Implementation of risk management actions.

These primary procedures are at the top of a hierarchy of documents, which increases
in complexity and technical detail at each decreasing tier. They are to be supported by
supporting secondary model procedures (e.g. for ����	�#���
�� 
	� ��������� ����������� 	
�
#
���������������) and technical guidance/reports. Taken together this comprehensive
package of guidance will constitute a complete decision support system, linking indi-
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vidual decision support tools. Procedures will be summarised in a series of flow dia-
grams within these publications.

The majority of procedures have not been translated into software applications. How-
ever, copies of guidance are often available on the web, via*� ���������
�����(
����#$��
��"�.

The �
����!�
#��"��� will neither be mandatory, nor a substitute for appropriate spe-
cialist experience. The procedures assist in the integration of both technical and non-
technical issues to optimise the management of land.

5�	'�( � �"-��%���)	(���," $&	 "!��!���"$	�"'	 "�����$ �"	(���," (�$ �"

Stakeholders involved in the decision making process include all parties with an inter-
est in land contamination including; land owners, occupiers, developers, regulators,
practitioners, financiers, insurers, environmental groups and local community groups.

Involvement of the local community in the decision making process from the earliest
stages of the implementation of risk management is strongly encouraged (SNIFFER,
1999).

An agreed strategy presented in non-technical language is necessary for genuine
communication with all concerned parties in order to gain public and stakeholder con-
fidence in the approach adopted. A recent publication from the Environment Agency
entitled ‘Consensus Building for Sustainable Development’ (Sustainable Development
Series Publication SD12) provides guidance on how this is done.


��	��	� � $	!��,��	�"'	���( � (	� �%	��������"$�

Fixed, generic and/or other limit values should not be used as mandated remedial
objectives (clean-up standards) in the UK, but they do have a role in identifying land
and/or waters where the concentration of contaminants warrants further investigation
and assessment. The regulators are encouraging movement towards a risk assessment
approach – however, some developers still prefer to use limit values without reference
to site-specific considerations. Risk Assessments are generally used for historic con-
tamination only. The approach is based on the Source-Pathway-Receptor principle and
the need to establish the relationships between these three components. The nature of
these relationships controls the degree of risks and decisions on whether the risk is
sufficiently serious to warrant action. Remedial actions should be directed at control-
ling, modifying or destroying those Source-Pathway-Receptor relationships that pres-
ent unacceptable risks.  More stringent criteria would be applied to a risk assessment
for a breach of a licence condition (for example, pollution caused by failure to comply
with a condition in a PPC permit).

A wide variety of different criteria may be applicable in assessing the actual or poten-
tial risks associated with land contamination to health and the environment. The UK
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has chosen to develop guideline values rather than standards, for the assessment of
risks to human health within the overall policy context of ensuring that land is ‘suit-
able’ for its actual or intended use. This allows the incorporation of qualified profes-
sional judgement in the interpretation of assessment findings, and for consideration of
the nature and magnitude of the risks, technical uncertainty and the practicality and
costs of dealing with contamination, when deciding upon the ‘acceptability’ of risk or
of risk estimates in individual cases. The approach to water is more site-specific and
described in “Methodology for the derivation of Remedial Targets for soil and
groundwater to protect water resources” (Environment Agency, 1999) and ConSim
(EA, 1999). A cautionary note is that any interpretation of risk assessment should take
account of the assumed conditions in development of generic risk assessments and the
departures from these conditions in individual cases. The implications of departures
from these assumed conditions must be considered.

5�	$&���	��	�� �0� $�0+�$��	,��	(�"� '���'	8&	��# ���$ �"	�"'	��#,��$ �"

Part IIA of the 1990 Environmental Protection Act, as introduced by Section 57 of the
1995 Environment Act, specifically defines contaminated land as ‘….any land which
appears to the local authority in whose area it is situated to be in such a condition, by
reason of substances, in, on or under the land that

a) significant harm is being caused or there is a significant possibility of such harm
being caused, or,

b) pollution of controlled water is being or likely to be caused.

In this context ‘harm’ is defined as: ‘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 harm to his property.’ Controlled waters include groundwaters as well
as surface waters such as rivers and lakes.

The guiding principle in the United Kingdom is ‘fit for purpose’. The planning and
development control system will consider the intended future use of a development
together with the wider environmental questions.

In practice, most remediation is secured voluntarily or through the Town and Country
Planning system. Specific conditions may be attached to planning approval to require
the implementation of an remedial design or construction measures necessary, either
to ensure that the planned development and surroundings are safe in terms of any
risks presented by land contamination, and/or, to prevent the development itself from
causing unacceptable risks (for example by introducing a susceptible receptor, or a
pathway linking an existing source with a receptor).
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Risk assessment plays a role in deciding if change can be allowed. Private practitioners
normally carry out risk assessments in discrete project phases, with each phase build-
ing on the findings from the previous one, although in some situations it may be car-
ried out as a single project. The nature of the risk assessment data will vary depending
upon the practitioner and the intended future use. The boundaries placed upon the
data collection should be identified and documented at the outset.

The procedures are applied to the approval of risk assessments and their consequent
use for the decision making about the site remediation are variable. Risk assessments
are considered on a site-specific basis by:

the development control system, where planning approval may involve specific con-
ditions to ensure that the planned development and surroundings are safe.

stakeholders, including landowners, occupiers, developers, regulators, practitioners,
financiers, insurers, environmental groups and local community groups.

���( ��	���! � �"�	���	7��+"� ��'�)	+�$��	����,�(��)	' ��,��	(�"$�� "�$ �"

There are special provisions in place or planned (e.g. administrative, permitting, etc.)
for:

7��+"� ��'�: Current regulations and permitting systems do not specifically refer to
‘brownfield’ sites, however, discussions are in progress to establish a single land re-
generation permitting system.

�E, ����	�"'	�$5��	+�$��	����,�(�� (surface or groundwater): Protection of controlled
waters (surface and groundwater) is regulated through the Water Resources Act
(1991), Environmental Protection Act (1990) and the Groundwater Regulations (1998).
Abstraction of water requires an abstraction licence, and discharges into the water en-
vironment require a discharge consent.

� ��,��	����,$ �" controls are achieved through;

specific regulations and code of practice on spreading sewage sludge on agricultural
land.

Waste Management Licensing Regulations (1994), Groundwater Regulations (1998)
and PPC Regulations (2000) which deal with the placement of wastes and other mate-
rials on land

IPC/IPPC regulations control airborne diffuse pollution.

Groundwater Regulations (1998) and Nitrate Vulnerable Zone (NVZ) controls.
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The environmental impact of remediation processes on site and post-remediation con-
ditions are controlled through the Waste Management Licensing Regulations (1994) if
the operations constitute waste management operations covered by the EU Waste
Framework Directive. The majority of on-site remediation processes are required to be
operated under a Mobile Plant Licence, which sets out general controls on the
plant/process, which are applicable under all circumstances. In addition for each site
to which the process is applied, there is a requirement to provide and have approved a
Working Plan for the site which covers site specific factors such as bunding of sensi-
tive areas of the site or plant, testing during the works, validation testing and long
term monitoring. Some exclusions and exceptions exist for very specific circumstances.
The current use of licensing in remediation projects has been set out in an Environ-
ment Agency publication (Environment Agency, 2001). However, a new licensing re-
gime specifically for remediation projects is envisaged, and a position paper exploring
possible ways forward is soon to be published by DEFRA.

New Integrated Pollution Prevention and Control regulations, implementing the EU’s
IPPC directive have been recently implemented, focused on operational sites rather
than brownfield development.

Remediation is closely linked to the planning regime, and this context is likely to in-
corporate attention to sustainability issues. Local Plans provide a range of acceptable
land uses, and these will constrain how a particular piece of land will be used. It is
possible to challenge the constraints on use through public inquiries etc.

It should be recognised that the private sector drive and fund the majority of devel-
opment and remediation, and consequently they will have a major influence on how
land is re-used and the form of the remediation. In recent years large plc's have incor-
porated sustainability issues is their overall policy brief under their environmental
policies. In most cases however the community and social concerns are introduced by
Planning Authorities seeking benefits for the communities in exchange for agreement
to some form of wider development that is proposed by the private sector. This plan-
ning gain is an important feature of redevelopment programmes.

The Environment Agency has a policy that promotes the use of sustainable remedia-
tion solutions. Where the Agency is in a position to influence the choice of solution, it
will seek to promote treatment technologies above disposal options, provided that the
solution is effective, practicable and economically viable.

The relative importance of environmental merit, economic merits and community,
political and social concerns vary according to viewpoint.  From a developers stand-
point, cost, time-scales, feasibility and fundability are the primary concerns. From a
Planning Authority viewpoint the primary concerns are appropriate land use, reme-
diation goals and planning gain. From a funding standpoint, remediation goals, long-
term effectiveness of the solution and regulatory acceptance are the primary concerns.



CLARINET – Decision Support Tools

Umweltbundesamt/Federal Environment Agency – Austria

174

����,����"$	 ��	 �"! ��"��"$��	 ��� $)	 �(�"�� (	 ��� $�	 �"'	 (���," $&)	 ��� $ (��
�"'	��( ��	(�"(��"�D	�"'	�,�$� "�8 � $&

Measurement of sustainability issues can only be done subjectively unless they have
an actual cost implication for development i.e. there is an agreement to build social
housing on a part of a housing site which otherwise might have received a more prof-
itable form of housing. Other than measurement of direct financial cost, there is no
formal method of measuring environmental or community benefit that is widely used
in the UK.

There is no approved list of experts/companies developing decision support for risk
management and national approaches to considering ‘sustainability’, but reference to
the Environment Agency Research Contract summaries will provide evidence for or-
ganisations currently undertaking research for the Environment Agency.

�,����$	���(�',���	���	$5�	����' ��	������(5

The Model Procedure for the Management of Contaminated Land in preparation will
provide recommended approaches and procedures to support selection, planning
and/or designing remedial approaches for polluted sites. These procedures are not
expected to be mandatory, and will include flexibility to allow for expert judgement
and future technical developments.

Decision support tools have a role to play in each stage of the risk assessment and risk
management process. Costs and benefits will be considered at the stage of evaluating
one or more remedial treatments for a given site.

A number of research projects to provide additional technical information supportive
of the three primary model procedures have been initiated through the Environment
Agency’s R&D programme. The technical outputs of these projects may be transcribed
into model procedures (e.g. costs and benefits of remediating contaminated land and
groundwater; validation of remedial treatments).

�� ���&	��($���	'� ! "#	'�( � �"-��% "#

Whether a particular type of remedial action or combination of remedial measures, is
appropriate and cost effective for the circumstances under consideration will depend
upon a number of factors including:

•  The requirements for risk management – the identified risks and objectives;

•  The site conditions (e.g. the physical and technical constraints);

•  costs and benefits (e.g. capital and operational costs);

•  local and wider environmental consequences (e.g. noise, dusts, emissions);

•  regulations;
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•  social and political factors;

•  timescales.
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Phyto-DSS is presently being developed to meet the main objective of the EU-
supported project PhytoDec (contract number EVK1-CT-1999-0024), that is carried out
by scientific institutes in The Netherlands, Italy, France, Spain and Poland. The project
continues until August 2004. Project objectives and work plan can be downloaded
from the PhytoDec website that will be installed in October 2001 (����!�$�
��#���).

Phyto-DSS will enable the user to estimate the costs of heavy metal phytoremediation
schemes in relation to its environmental and economic benefits and comparing phy-
toremediation with alternative remediation or soil management schemes. Phytoreme-
diation schemes are focusing at the removal of the heavy metals from the soil after
crop uptake (phyto-extraction, potentially applicable at moderately polluted sites) and
at the physical and chemical stabilisation of heavy metal through direct and indirect
root action (phytostabilisation, potentially applicable at heavily polluted sites).

The first phase of the construction of Phyto-DSS (to be ready in spring 2002) concen-
trates on phyto-extraction of heavy metals (including arsenic) from soils and dredged
sediments. Moreover, major emphasis in this first phase is given to normal, non hyper-
accumulating, plants and non-treated soils (i.e. no use of additives used intended to
increase bio-availability in the soil). The key factor for the estimation of costs under
these conditions is the phyto-extraction duration.

The basic structure of Phyto-DSS for the phyto-extraction of heavy metals is shown In
Figure 19.

The duration of phyto-extraction can be estimated on the basis of:

•  The pollution levels in the soil;

•  Soil parameters; and

•  Environmental targets (i.e. the desired final pollution level to obey to soil quality
standards);

•  Pollution levels (both actual levels and target levels) are defined as potentially avail-
able heavy metal pools (quantified through specific soil extraction procedures).

�����	��� 	"�#��
�� then are used to estimate the heavy metal concentration in the soil
solution, both the total dissolved concentration and the ionic activity. Transfer func-
tions are empirical formulas that are derived from a statistical analysis of extensive
analytical data on the composition of soils and adhering soil solutions.

The �
����#
�#�������
� of heavy metals in the soil solution, together with the average
annual rain surplus, is used to estimate the leaching rate from the upper soil layer. The
estimated ionic activity of heavy metals in the soil solution, together with a crop up-
take factor, is used to estimate annual uptake by the crop. The crop uptake factor may
or may not be a constant over a broad range of soil solution ionic activities. This is in-
vestigated in other work packages of the PhytoDec project. Crop uptake and leaching
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together determine the net change in heavy metal concentrations in the soil, consider-
ing estimates of additional annual inputs (fertilisers, atmospheric deposition) as well.
Knowing the net amount that is removed in the first year, the residual amount can be
calculated and introduced as input for the second year and so on. This way it can be
calculated how many years (or harvests) it takes to reach environmental targets, thus
determining the phyto-extraction duration.
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When the phyto-extraction duration is defined, total soil remediation costs can be es-
timated on the basis of ���"���#
����������������#
���. Annual costs include among others
depreciation of capital, monetary inflation, site fertilisation and monitoring costs to
check risk reduction rates. Initial costs include fencing, initial soil tillage, preliminary
experiments etc.

The whole procedure leads to a quantification of risk reduction, environmental/social
benefits and costs, each factor using its own units. A similar evaluation can be done
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for other common soil remediation techniques, so that a comparison can be made for
all relevant evaluation areas: risk reduction (�), environmental and social benefits (�)
and remediation costs (�).

In 2001-2002 Phyto-DSS will be extended to cover phyto-extraction by hyperaccumu-
lators. The system will be made suitable as well for the description of phyto-extraction
using soil additives that enhance bio-availability (EDTA, acids etc.).

Finally, in 2003-2004 Phyto-DSS-construction will focus on phytostabilisation tech-
niques.

To broaden the potential of its practical use, it will be discussed whether it is techni-
cally viable to link Phyto-DSS as a subroutine to a more general environmental risk-
DSS like the REC-model, developed in the Netherlands. This will be done during a
workshop in Pisa in November 2001.
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