Research

Introduction Programmes

Proposal Guidance

Remediation and
Redevelopment
Issues

Risk Management:
State of the Art in
Risk Assessment

Risk Management:
State of the Art in
Corrective Actions

Towards a Framework for Selecting
Remediation Technologies for

Contaminated Sites

E.A. Vik, P. Bardos, J. Brogan, D. Edwards, F. Gondi, T. Henrysson,
B.K. Jensen, C. Jorge, C. Mariotti, P. Nathanail and N. Papassiopi

Abstract

A risk-based approach to contaminated land management has been adopted in many
European countries based on the pollutant linkage paradigm. Six key sets of factors
can be distinguished for the selection of an optimal risk management solution: the driv-
ers and goals for the remediation project concerned, risk management, sustainable
development, stakeholders’ (third party) views and technical feasibility and suitability.
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INTRODUCTION

CLARINET Working Group 7 (WG7, Remediation
Technologies and Techniques) is reviewing and cata-
loguing the present status on use of remediation tech-
nologiesin Europe. Thisframework document outlines
the interim results of thejoint work of WG2 (Risk Man-
agement and Decision Support) and WG7 (WG2/
WGT7).

For the purposes of this review, remediation technol-
ogy isdefined as:

A specific technology, a set of technologies or a tech-
nological solution or approach used to reduce risks
from a contaminated site. This can include a chain of
different technologies as well as broader approaches
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incorporating elements that cannot be properly
described as technologies, such as the imposition of
land-use restrictions.

There are anumber of factorsthat need to be consid-
ered in selecting an effective remediation solution (Bar-
dosetal. 1999):

« thedriversand goalsfor the remediation work;
¢ risk management;

 sustainable development;

« stakeholders' views;

» cost-effectiveness; and

« technical suitability and feasibility.

In addition, it is @ so important to consider the man-
ner in which adecision isreached. This should be abal-
anced and systematic process founded on the principles
of transparency and inclusive decision-making. Any
decisions made about the selection of remedial tech-
nigues must be made on the basis of a clear understand-
ing of the risk management context.

KEY FACTORSIN REMEDIATION
SELECTION

Driversand goalsfor theremediation work

Most remediation work has been initiated for one or
more of the following reasons.
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» to protect human health and the environment. In
most countries, legislation requires remediation of
land posing significant risks to human health or
other receptors in the environment such as ground-
water or surface water. The contamination could
either be from ‘historic’ contamination or a recent
spill of toxic substances from a process or transport
accident. Groundwater protection has in many
countries become an important driver for remedia-
tion projects;

* to enable redevelopment. Redevelopment of for-
merly used land may take placefor strictly commer-
cial reasons, or because economic instruments have
been put in place to support the regeneration of a
particular areaor region; and/or

* to limit potential liabilities. Remediation may then
take place on avoluntary basis ahead of any regula-
tory requirement, or could take place as an invest-
ment to realise a gain in land value. Owners may
perceive that a particular site could potentially have
an environmental impact — or that its improvement
could enhanceitsvalue.

These scenarios generally apply to contamination
that has occurred in the past. In the future, Integrated
Pollution Prevention and Control (IPPC) regimes and
soil protection concerns might also drive remediation
projects. Under IPPC the goal is pollution prevention,
and contamination may well be required to be removed

to the extent that the site is restored to its original con-
dition. Thisis far more stringent than the ‘ suitable for
use' goalstypical for the remediation of past contami-
nation.

Technical decisions for remedial works cannot take
place in isolation but must be considered alongside the
wider non-technical objectives of any works, as was
evident from the comments from a number of land
owners at the recent conference on reuse of derelict
land held in Duisberg, Germany (UBA 1999). The
principal objectives of any proposed works must be
clearly identified and any necessary constraints and
opportunities established.

For each project a particular combination of these
drivers and constraints will set the core goals of the
remediation scheme. An important point is that some
form of environmental quality objectiveswill normally
underpin any project dealing with land contamination.
However, these objectives may also be driven by a
combination of technical criteria, third party views and
non-technical perception of risk.

Remediation work is often an integral part of a
larger redevelopment project which may itself be part
of aprogramme of interlinked projects. The core goals
of a remediation project are often strongly influenced
by this broader context.

Risk management
A risk-based approach has been adopted for the man-

EXAMPLES OF THE RISK-BASED APPROACH IN DIFFERENT COUNTRIES

In Italy draft regulations have been put out for consultation. These include a risk assessment to determine

acceptable residual concentrations following remediation. These are compared against a set of ‘standard’

values, and on the basis of this comparison temporary or permanent restrictions may be placed on site use,
and monitoring or further remedial action may or may not be required.

In Norway, management of contaminated land is described in a guidance manual (Norwegian Pollution
Control Authority, SFT 1997). A detailed guideline on risk assessment of contaminated sites describes a
three tiered risk assessment approach (Norwegian Pollution Control Authority, SFT 1999). A set of ‘standard’
soil quality values for most vulnerable land-use can be used for decision making in Tier 1, while in Tier 2,
these are modified to the present or future land-use of the site. In addition, other site specific environmental
objectives need to be met. These are often linked to the protection of surface water including fjords (marine
environment) against further pollution since groundwater in many parts of Norway is not the principal water
resource.

In the UK the aims of remediation must take account not only of risk-based environmental quality objectives
but also cost effectiveness and appropriateness (DETR 2000). This requires remedial action to be taken
where:

« the contamination poses unacceptable actual or potential risks to health or the environment; and

« there are appropriate and cost-effective means available to do so, taking into account actual or intended
use of the site.
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Figure 1. The pollutant linkage (including source, pathway
and receptor) analysis needs to be addressed when
considering the risk of a contaminated site.

agement of contaminated land in many countries
(CLARINET and NICOLE 1998; Ferguson and Kasa-
mas 1999).

The assessment and management of land contami-
nation risks is based on pollutant linkages. These
include three components:

» the source of contamination (e.g. metal polluted
soils, aleaking oil drum);

* the receptor (i.e. the entity that could be adversely
affected by the contamination); and

 the pathway (the route by which a receptor could
come into contact with the contaminating sub-
stances).

In most countries risk control is based on breaking
the pollutant linkage, see Figure 1. For example, this
can be doneby:

 reducing or modifying the source (e.g. in situ biore-
mediation of diesel contaminated soil);

* managing or breaking the pathway (e.g. by pump
and treat or use of aphysical barrier);

» modifying the exposure to the receptor (e.g. by lim-
iting the accessto the area, restricted land-use).

Risks are usually considered by countries on the
basis of a ‘suitable for use’ (land-use) approach on a
site by site basis. For example in the UK the ‘suitable
for use' approach consists of three elements:

(a) ensuring that land is suitablefor its current use;

(b) ensuring that land is made suitable for any new use
—asofficial permission isgiven for that use; and

(c) limiting requirements for remediation to the work
necessary to prevent unacceptable risks to human
health or the environment in relation to the current
use or officialy-permitted future use of the land
(DETR 2000).

Sustainable development

The concept of sustainable development was first con-
sidered at the United Nation’s Earth Summit confer-
encein Rio de Janeiroin 1992. A number of definitions
for sustainable development have been proposed,
although the commonly used definitionis; * ... develop-

ment that meets the needs of the present without com-
promising the ability of future generationsto meet their
own needs’ (Brundtland 1987).

In the UK, the Government has set itself to achieve
sustainable development which it defines as:

« socia progresswhich recognisesthe needs of every-
one;

« effective protection of the environment;

e prudent use of natural resources; and

« maintenance of high and stable levels of economic
growth and employment.

At astrategic 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 and water, and reducing the
pressure for development on greenfield sites. However,
it isalso important to ensure that the implementation of
individual contaminated land management actions is
consistent with the principles of sustainable develop-
ment.

In Norway, R&D isfocusing on environmental sus-
tainable development in general, including constraints,
opportunities and instruments. In Norway, it is
accepted that achieving sustainable development
requires broad-based, comprehensive research on the
economic, technological, social and cultural dimen-
sions of environmental problems, and on the possibili-
ties for remedial measures. However, no sustainable
development policy has so far been specifically devel-
oped for remediation of contaminated land in Norway,
since the instruments for monitoring sustainable reme-
diation are not yet considered to be available.

Decisions about which risk management option(s)
aremost appropriate for aparticul ar site need to be con-
sidered in a holistic manner. Key decision-making fac-
torsare;

« the effectiveness of the remedial technique in deal-
ing with the identified risks;

e the wider environmental effects of the remedial
operation(s); and

» broader considerations of the relevant economic,
social and political values that apply to the circum-
stances.

Some of the objectives of aremediation project will
relate to environmental and health risks, some to per-
formance of geotechnical / construction measures, and
some to socia / economic indicators (including time
scales). For each project some or al of these factors
will make up the core goals of the remediation scheme.

The wider environmental effects are consequences
of particular remedial optionsand will vary from siteto
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ASSESSMENT OF NON-CORE EFFECTS: CASE STUDY

In The Netherlands the term ‘environmental merit’ is used to describe these non-core environmental effects.

In The Netherlands a decision support system involving the weighing of the various remediation alternatives,
is being used (Nijboer 1998). This enables objective comparison of the different remediation technologies'
contribution to risk reduction, environmental merit and costs. The costs and benefits for the environment are
weighed as well. A remediation alternative can be chosen using the following strategy:

¢ Primary risk assessment;

¢ Time available/needed (considering natural processes in soil);

« Use the ‘self-cleaning capacity’ of the soil (investigating if this is sufficient);
¢ Stimulate natural processes (investigating the possibility);

« Intensive in situ remediation if necessary (investigating the possibility);

site according to the type of contaminant(s) present and
thetreatment employed. There may betempor ary neg-
ative effects during remediation (e.g. caused by lorry
movements, traffic problems, noise, energy use/CO,
emission) or permanent (e.g. loss of soil function).
The effects may also be positive (e.g. improving soil
function or the ecosystem) aswell as negative (e.g. loss
of soil structure and integrity, release of volatile emis-
sions, increased water emissions, or increasing
amounts of waste entering hazardous waste dump sites
or sanitary landfills by the disposal of slightly contami-
nated soil).

Good practicein risk management for contaminated
land includes the setting of clear risk management
goals and the identification of a shortlist of potentially
feasible remedial techniques able to reach the ‘core
goas which can then be considered more closely.
Techniques can be compared with each other against a
range of sustainability appraisal criteria. These can be
used to refine the shortlist of remedia techniques,
according to their wider effects, and pick up any incon-
sistencies in how the environmental, economic and
social elements were considered at the ‘core’ stage. In
extreme cases, these non-core considerations may also
flag any previously unanticipated and potentialy

Quantify financial risk of a remediation alternative (NOBIS 1995a,b; Hetterschijt et al. 1999).

severe impacts that might lead to are-evaluation of the
core goals of aremediation project.

Hence, decision-making for contaminated site
remediation can be divided across two dimensions: (1)
the (three) elements of sustainable development and (2)
core/non-core issues. Together these ensure a consist-
ent approach to considering sustainable development
for remediation projects across sites. This ‘core/
non-core’ model is summarised in Table 1. The model
proposes that the ‘value’ of the project core is fixed,
being a function of the risk reduction and redevelop-
ment goals. Thenon-core ‘value' of the choice of reme-
dial technique is variable, depending, obviously, on the
choice made. The overall ‘value' of the project is the
sum of the core and non-core ‘values' for each sustain-
ability element.

Examples of economic non-core elementsinclude:

» impactsonlocal businessand inward investment;
* impactsonlocal employment.

Examples of non-core environmental elementsare:

« environmental side effects of increased energy use

Table 1. The core/non-core model for sustainable risk management of contaminated sites

Sustainability elements Core + Non-core = Total (Overall performance)

Economic Fixed Variable = Economic value

(includes liabilities)

+ Environmental Fixed Variable = Environmental value
(includes risk reduction) (merit?)

+ Social Fixed Variable = Social value

= Total Core + Efficiency = Overall performance in achieving
(overall ‘sustainability”) value sustainable development
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and CO, emissions from transportation of contami-
nants off site;

» waste generation by dumping contaminated soil in
landfills or hazardous waste sites;

» emissions to water and air during remediation, and
increased noise and traffic;

* resource recovery when reusing treated contami-
nated soil or recovering energy during remediation;

* reusing contaminated land as opposed to using
undisturbed land.

Examples of socia non-core issues might include:

» employment creation;
» remova of stigma.

However, these might also be explicitly included as
core objectives. Thisillustrates that what isincluded as
core or non-core can vary from site to site, depending
on the broader needs of the remediation project con-
cerned.

Considering stakeholdersin contaminated land
management

The principa stakeholdersin land remediation are typ-
icaly:

 land owners/ problem holders;

 regulatory and planning authorities;

» giteusers, workers, visitors;

» financiad community (banks, funders,
insurers);

 siteneighbours (tenants, dwellers, visitors);

e campaigning organisations and local pressure
groups,

» consultants, contractors and technology vendors;
and possibly

* researchers (in some circumstances).

lenders,

Each will have their own perspective, priorities,
concerns and ambitions regarding any particular site.
The most appropriate remedial actions are likely to be
those which offer a balance between meeting as many
needs as possible, including also the need to protect the
environment, without unfairly disadvantaging any
individual stakeholder. It isworth noting 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 proc-
ess is open, balanced, and systematic. Given the range
of stakeholder interests, agreement on project objec-
tivesand project constraints such as use of time, money
and space, can be a time consuming and expensive
process. Seeking consensus between the different

stakeholders in a decision is an important tool in help-
ing to achieve sustainable devel opment.

Risk communication and risk perception issues
need special consideration. A diverse range of stake-
holders may need to reach agreement before specific
remedial objectives can be set, for example, site owner,
regulators, planners, consultants, contractors, site
neighbours and perhaps others (SNIFFER 1999; US
EPA 1998). Unsurprisingly, once these remedial objec-
tivesare agreed, it may be hard to renegotiate them.

The members of the decision-making team who are
finally responsiblefor the choices of technology arethe
landowner, the regulator and the service provider. All
other stakeholders are in a position of influence but in
most cases their input does not control the decision.

Landowners looking at land as an opportunity, may
define a project (and hence the technology employed)
as cost-effective, if the selected technology delivering
‘cleaner’ land than required by the regulator, can be
implemented at a lower cost than the value of the
treated land. This reflects the basis on which the deci-
sion ismade whereby directors of public companiesare
obliged to make decisions that are: (1) legal and (2) in
the best interests of the company’s shareholders. They
are not obliged or necessarily authorised to consider
any other factors.

A regulator’ s perspectivein the same circumstances
may be significantly different. Other than in specid
cases (e.g. financial hardship etc.), project economics
are not a priority. It is quite conceivable that either or
both of the project scenarios could be regarded as
non-cost effective in terms of environment and public
health issues, as well as considerations such as: amen-
ity, road safety, noise, etc. Thisisan interesting parallel
to the landowners’ position asit reflects a superficially
similar set of constraints. Regulators are obliged to
make decisions that are: (1) legal (same rules as land-
owners); and (2) in the best interests of their sharehold-
ers (the public). ‘Best interests’ is the key: whose
interests, which interests, whose costs, which costs?

Service providers operate within a highly competi-
tive arena, reacting to priorities set by landowners and
regulators. They make decisions on technology selec-
tion, but only insofar as trandlating the landowners
defined needs into deployed processes that deliver
projects on time, within budget, to a specified quality
and within regulatory constraints. This usualy repre-
sents the compl ete obligation. Thereis often no consid-
eration of other factors. Cost-effectivenessis measured
in exclusively economic units.

Clear and inclusive decision support tools are vital
to enable informed choices that do not over-compro-
mise stakeholder(s).
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Cost-effectiveness

The aim of the assessment of costs and benefits is to
provide a clear view of the value of the remediation
investment, and to allow comparisons between differ-
ent remedial options. Cost benefit analyses consider the
diverse range of impacts that may differ from one pro-
posed solution to another such as the effect on human
health, the environment, the land use, and issues of
stakeholder concern and acceptability in common
units.

In many instances, it is difficult to attach a strictly
monetary value to many effects of a remediation
project. Hence assessments can involve a combination
of qualitative, formal cost benefit analysis (CBA) and
MCA methods (Crumbling 2000; Environment
Agency 1999; NOBIS 1995a,b).

The potential for developing more cost-effective
solutionsislarge. Experience from Germany and UK is
that this can be achieved by reducing the cost of reme-
diation, increasing the value of the land or, ideally, a
combination of the two. The highest cost-reducing
potential resultsfrom reducing volumes of soil needing
to be treated and by increasing the proportion of mate-
rials to be recycled and reused. Experienced and pro-
fessional project management, relevant and adequate
siteinvestigations, and high site efficiency, can signifi-
cantly improve the reliability of remediation cost fore-
casts. These issues need to be addressed not only as
‘problem definition’ or ‘solution provision' targets.
They are interdependent, e.g. appropriate site investi-
gation not only highlights problems, it also acts as a
guide to the solution. Inappropriate site investigation
does neither. All procurement of services needs to be
donewith aview to value, not cost. In current termsthis
is ‘intelligent procurement’, concentrating on value
and confidence in achievement of objectives.

There are two further factors that impact on the
cost-effectiveness of remediation technologies. The
first is the impact of waste legislation and regulation
that, in certain nations, determines the fate of contami-
nated soil, the potential for its treatment, disposal,
recovery, recycling and reuse. The second is the desig-
nated land-use of remediated sites, which has a pro-
found effect on site values and hence the options
available for remediation.

Technical suitability

A suitable technology is one which meets the technical
and environmental criteriafor dealing with a particular
remediation problem. However, itisalso possiblethat a
proposed solution may appear suitable, but is still not
considered feasible, because of concerns about:

 track record of the solution for the particular risk
management problem (in the countries);
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* ability to offer validated performance information
from previous projects;

* expertise of the purveyor;

« ability to verify the effectiveness of the solution
whenitisapplied;

 confidence of stakeholdersin the solution and in its
costing;

« acceptability of the solution to stakeholders who
may have expressed preferences for a favoured
solution or have different perceptions and expertise.

Feasible remediation approaches therefore are a
subset of those that are generally suitable candidates
for dealing with the problem in question.

In general, concerns over feasibility in a particular
industry tend to be greater for innovative remedia
approaches, even if these have long standing track
records in other countries. However, it is often these
innovative solutionsthat are seen to offer morein terms
of reducing wider environmental impacts and further-
ing the cause of sustainable development.

There are five key sets of questions that underpin
the consideration of the suitability of different remedial
techniques and approaches for the management of risks
on individual contaminated land sites. The questions
provide aframework in which it is possible to assess:

» whether aparticular remedial technique or approach
can appropriately be applied on agiven site, to man-
age anidentified set of risks;

e what technical precautions might need to be
included in any permit for the use of the technique
or approach;

» whether there are gaps in knowledge concerning the
performance of different remedial techniques or
approaches (i.e. if it is not possible to answer one or
more of the questions); and

» whether there are gaps in knowledge or availability
of techniques for the on-site evaluation and moni-
toring of the use of different remedial techniques
and approaches.

Thefive sets of questions are:

1. What do we expect the remedial approach to
achieve, in terms of ‘source reduction’, ‘pathway
control’ or ‘receptor protection’? This is, in effect,
the core of the remedial approach —what it actually
seeksto do.

2. What do we anticipate might be obstacles to that
achievement? For example, are there particular site
characteristics — such as presence of other contami-
nants, waterlogged ground, presence of buildingson
site—which would prevent the approach from work-
ing at al on any particular site?
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3. What are the likely wider implications of using the
remedial approach? These might include adverse
environmental side effects, resources needed, time
constraints, energy use, noise, costs (investment and
operational), social acceptance, etc.

4. What criteria, during the operation of the remedial
approach, will affect its actual success or failure?
These could include control over process chemistry,
ability to carry out engineering works to the
required specification, etc.

5. How, after we have carried out the remedial
approach, can we verify that it has been successful
or, conversely, discover that it has not? What moni-
toring and evaluation processes are needed?

DETERMINING SUITABILITY

The general issues that affect the suitability of areme-
diation technology for a particular site are (Bardos et
al. 1999):

* risk management application (see above);

* treatable contaminants and materials;

» remedia approach (e.g. containment, bioremedia-
tion etc);

» where the action takes place (e.g. in situ or ex situ,
on site or off site);

* treatment strategy;

* implementation; and

* outcome.

Treatable contaminants and materials

Remediation processes treat contaminantsin materials.
These materials might include groundwater, sail, fill-
ing materials, debris, site refuse, non-agqueous liquids,
tars, sediments or sewage sludges. The type of treat-
ment and the likely success of any particular technique
will depend upon the nature of the material treated as
well asthetype of contamination. Contaminant proper-
ties affecting treatment include, not just the chemical
types present, but also their concentration range, their
source, and their age. Further information is summa-
rised by WG7 (Vik et al. 2000).

Remedial approach

Results of the WG7 European survey of the state of the
art of implementation of remediation technologies
throughout Europe show that the difference in technol-
ogy implementation between countries in Europe is
large. Several countries have awell-established market
for soil remediation while others have barely begun.
(NB most of the answers are based on estimations of
which technologies are used, and only in afew caseson
firm statistics).

The most common solution for contaminated sites
seems to be some kind of containment, either physical
or hydraulic. The second most common solution, or for
some countries the most common solution, isthe exca-
vation and removal of the polluted soil. The excavated
soil isthen either treated or brought to alandfill.

Biological methods seem to be, by far, the most
common on-site treatment approach in Europe, exclud-
ing containment and landfilling. In some countries,
especialy those with a well-established soil remedia-
tion market, a range of off-site treatment facilities are
available. Of these other methods the most common are
thermal treatment and soil washing. In most countries
treatment off siteis more common than on site.

It seems to be only in a few countries that in situ
treatment, other than containment, has been established
asan alternative to excavation. Thein situ methods that
are mentioned most frequently in the survey are soil
venting (soil vapour extraction), air sparging, biovent-
ing and biodegradation.

Treatment strategy
A strategic approach may be taken to using treat-
ment-based solutions, for example:

 integrated or combined approaches;

 active versus passive measures;

e long-term/low input (‘ extensive’) versus short-term
/highinput (‘intensive’);

» use of ingtitutional measures (such as planning con-
trols combined with long-term treatments).

Implementation

Implementation encompasses the processes of apply-
ing a remedial approach to a particular site and
involves:

e planning remedial operations;

« sitemanagement;

« verification of performance;

* monitoring process performance and environmental
effects;

e public acceptability and neighbourhood relation-
ships (risk communication and risk perception);

« dtrategy for adaptation in response to changed or
unexpected circumstances, i.e. flexibility and after-
care.

Considering how a remedial solution is imple-
mented should be amaterial consideration in determin-
ing the remediation approach. These examples of
implementation issues represent activities that are
likely to be asignificant cost element for aremediation
project. The WG7 Final Report will include acatal ogue
summarising how remediation technologies are being
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implemented in Europe. Information about this report
will be posted onthe CLARINET websitein the second
part of 2001 (www.clarinet.at).

Outcome of the remedial approach
In terms of dealing with the contaminants contained in
the materials to be treated, process-based treatments
may provide one of several outcomes:

» destruction may betheresult of acomplete biologi-
cal and/or physico-chemical degradation of com-
pounds, for example at elevated temperatures by
thermal treatments;

» removal of contaminants may be brought about by:
(a) some process of mobilisation and recapture, e.g.
leaching and sorption; (b) some process of concen-
tration and harvesting, e.g. by physical separation;
or (c) a combination, e.g. via hyper-accumulator
plants;

» recycling might bethe ‘ultimate’ form of removal;

 stabilisation describesaprocessin which acontam-
inant remainsin situ but isrendered less mobile and/
or less toxic by some combination of biological,
chemical or physical processes. For most practical
site remediation some combination of these out-
comesisachieved;

» containment isaprocessinwhich the contaminated
matrix is contained in a way which prevents expo-
sure of the surrounding environment.

From asimple outlook, outcomes could beranked in
order of preference, in terms of the environmental ben-
efit of permanently removing a contamination prob-
lem:

Recycling > Destruction > Removal > Stabilisation >
I mmobilisation

However, this simple hierarchy does not take into
account the wider environmental effects of the
approach proposed, other benefits or costs. For exam-
ple, destruction might only be achieved with significant
environmental impacts from emissions, use of fuel
(CO, emissions) and other resources, or destruction
may require a process that is unacceptable to a loca
community.

Itisalsoimportant to understand the fate of contam-
inant compounds. For example, destruction does not
equate with simple disappearance of compounds, as
degradation may have been incomplete, creating unac-
ceptable daughter compounds. Hence the degradation
process must be tracked to an acceptable outcome. A
related issue is the permanence of the solution where a
stabilisation-based approach is used. Understanding
these outcomesiis critical to demonstrating a risk man-
agement benefit of the treatment process employed.

CONCLUSIONS

The process of selecting the appropriate remedial
option for a contaminated site include considerations
of:

e stakeholders' views,

* risk management;

» cost-effectiveness;
 sustainable development; and
* technical suitability.

Along with definition of the problem and the under-
taking of works to a known and specified quality,
selecting the right remedial approach represents a vital
and pivotal component in the management of land con-
tamination. In the last decade the number of available
remedia techniques has increased considerably such

Table 2. Factors affecting the suitability of remedial approaches

RISK MANAGEMENT
APPLICATION

CONTAMINANTS /
MATERIAL TREATED

REMEDIAL APPROACH PROCESS LOCATION

» source reduction
* pathway interruption
* protection of receptors

contaminant(s)
concentration range
source and age

bulk / materials-handling
characteristics

physical treatment
solidification / stabilisation
thermal treatment

¢ removal ¢ insitu
¢ containment ¢ exsitu
« rehabilitation ¢ on site
« biological treatment « off site
¢ chemical treatment ¢ in-vessel

STRATEGY IMPLEMENTATION

OUTCOME

integration / combined approaches
active / passive measures

long term / low input

carrier (for in situ techniques, i.e. air
or water)

* institutional measures

* process planning
* site management
« verification

* monitoring
.
.
.

aftercare
flexibility

neighbourhood impacts

destruction of contaminants

removal of contaminants (elsewhere)
stabilisation of contaminants
containment
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that the selection of the most appropriate option criti-
cally depends on a systematic and well-documented
appraisal process. Key issues in determining the suita-
bility of remedial approaches are summarised in Table
2.

Most cities throughout Europe have large areas of
contaminated land, and whether excavation and land-
filling can be considered sustainable land devel opment
for all of these areasis being questioned in many coun-
tries. The term ‘ sustainable remediation’ is now being
used but it needs a clear definition. Existing market
forces are not necessarily likely to ensure that the most
environmentally sound solutions are selected. In situ
treatment methods appear to have great potential in the
sustainable remediation of contaminated land in urban
areas, but the WG7 survey shows avery low degree of
implementation of such methods.
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