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ABSTRACT

The European Radiation Survey and Site Execution Manual (EURSSEM) provides information and
guidance on strategy, planning, stakeholder involvement, conducting, evaluating and documenting
radiological, environmental and facility (surface) surveys based on best practices for demonstrating
compliance with dose or risk-based regulations or standards, remediation, reuse, short-term and long-
term stewardship on radioactively contaminated and potentially radioactively contaminated sites
and/or groundwater.

EURSSEM is a consensus document the first draft of which was developed by the “Co-ordination
Network on Decommissioning of Nuclear Installations” funded by the European Community and with
the support of private companies and persons.

The objective of EURSSEM is to describe a consistent approach to and execution of strategy,
planning, stakeholder involvement, performing, assessing radiologicaly contaminated soil surface and
groundwater (final) status surveys to meet established dose- or risk-based release criteria, and/or
remediation, restoration, reuse and stewardship objectives, while at the same time encouraging
effective use of human, raw material and financial resources.



DISCLAIMER

The first draft of this manual was prepared by the “Co-ordination Network on Decommissioning of
Nuclear Installations” which was funded by the European Commission. New drafts and improvements
may be prepared by institutes, companies and individual persons.

Neither the European Commission, nor the institutes, companies, individual persons, or the “Co-
ordination Network on Decommissioning of Nuclear Installations”, or any company or branch thereof,
or any of their employees, or any person makes any warranty, expressed or implicit, or assumes any
legal liability of responsibility for any third party’s use, or the results of such use, of any information,
apparatus, product, or process disclosed in this manual, or represents that its use by such third party
would not infringe on privately owned rights.

References within this manual to any specific commercial product, process, or service by trade name,

trademark, or manufacturer do not constitute an endorsement or recommendation by all involved in
this document.
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1.1

1.2

Introduction
Background

Radioactive materials have been produced, processed, used, and stored at thousands of sites
in Europe and all over the world. Many of these sites - ranging in size from nuclear
activities, e.g., power production, weapons-production facilities covering tens of square
kilometres, industrial sites, to the nuclear medicine departments of small hospitals, research
institutes (sometimes accidental) - were at one time, or are now radioactively contaminated.

The owners and managers of a number of sites would like, or are obliged to determine if
these sites are radioactively contaminated, to remediate the sites if contaminated, and to
release the sites for restricted use or for unrestricted public use.

In most countries different national agencies are involved in these processes and are
responsible for the release of sites following clean-up. These involvements and
responsibilities apply to facilities under the control of institutes or private/national
companies or national agencies like Department of Defences.

To provide a consistent guidance and best practices to involved participants (stakeholders),
important documents have been produced by different organisations, like:

- The International Atomic Energy Agency (IAEA), (www.iaea.org).

- The SAFEGROUNDS Learning Network (www.safegrounds.com) that uses
participatory approaches to develop and disseminate good practice guidance for the
management of contaminated land on nuclear and defence sites in the United
Kingdom.

- The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM),
which is the product of a multi US agency workgroup with representatives from the
U.S. Environmental Protection Agency (EPA), the U.S. Nuclear Regulatory
Commission (NRC), the U.S. Department of Energy (DOE) and the U.S. Department
of Defence (DOD), (www.marssim.com). In the mission of these agencies is stated
that they have:

To improve, preserve and protect the quality of the environment, on both
national and global levels.

. To ensure adequate protection of public health and safety, security, and the
environment in the use of certain radioactive materials.

The different approaches caused by the various missions of the above organisations can be
recognised in their documents.

EURSSEM incorporates information provided in the documents of the above mentioned
organisations and acknowledges the importance and the quality of the information and
know-how presented in their documents. In EURSSEM, references are included to these
documents as consistent as possible and all documents are mentioned in the Section
“References”.

Purpose and scope of EURSSEM

The European Radiation Survey and Site Execution Manual (EURSSEM) has been
developed to provide a consistent consensus approach and guidance to conduct all actions at
radioactively contaminated and potentially radioactively contaminated sites and/or
groundwater up to their release for restricted or unrestricted (re)use. This approach and
guidance should be both scientifically rigorous and flexible enough to be applied for a
diversity of site (surface) clean-up conditions.
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1.3

The title EURSSEM includes the term “survey” because it provides information on control,
planning and conducting surveys, and the term “execution” because the processes outlined in
the manual allow interested persons/organisations to execute planned actions.

The EURSSEM guidance focuses on the demonstration of compliance with regulations and
standards during all stages of such a project.

The EURSSEM guidance includes as well the general functional approach “what has to be
done or what should be required” as detailed guidance “how it can be done or how it can be
demonstrated that requirements are met”, but the guidance provided is not intended and
never had the intention to be prescriptive. A consensus approach is advocated, however.

The EURSSEM guidance is primarily written from rendering a service point of view
according to the best available practice.

An important step in understanding the Radiation Survey and Site Investigation Process is
accomplished by understanding the scope of this guideline, the applied terminology and
concepts. As the guidance set out in EURSSEM is based on important documents that have
been produced by:

- the International Atomic Energy Agency (IAEA), (www.iaea.org),
- the SAFEGROUNDS Learning Network (www.safegrounds.com),
- the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM),

the same terminology has been adopted to present a consistent approach. In the case of
different terms for the same object/purpose preference is given to terms defined by the
IAEA.

The EURSSEM approach

Five principles have been identified for the development of a consistent approach and
guidance to conduct all actions at radioactively contaminated and potentially radioactively
contaminated sites and/or groundwater up to their release for restricted or unrestricted
(re)use:

1. Protection of people and the environment.

2 Stakeholder involvement.

3 Identifying the preferred site management option.
4. Immediate action.

5 Archiving for future referencing.

These principles apply at various stages in site and groundwater management and are
explained in more detail in Section 2, “Development of a contaminated land strategy”.

This guidance on the management of a radioactively or suspected radioactively contaminated
sites and/or groundwater has five interrelated parts and two major topics of concern. In
practice, depending on case by case bases, the individual parts (in whole or partially) of the
management process will be iterative.

The five interrelated parts of EURSSEM are indicated in Figure 1.1:

L Decide whether EURSSEM guidance or part(s) of EURSSEM guidance applies:
Assistance is provided with the aid of flowcharts to decide which part(s) of
EURSSEM guidance is applicable.

II.  Development of a Contaminated Land Strategy. Ensuring a clear context and
objectives, effective external participation - stakeholder involvement - whether it is
required by organisational policy or regulatory frameworks, to meet stakeholder
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expectations, or to improve decision-making [1]. The part includes two major topics of
concern:

L. Stakeholder involvement: ensuring an effective external participation, in order
to improve the decision-making process, to develop approaches that can be
implemented with community support, to improve transparency, to build trust
and to take better decisions.

2. Archive for future referencing: this archive has not to be seen as a special part
of the project file, but as an archive that will contain information that can be
consulted in the nearby and long-term future for answering questions dealing
with the former radioactive contaminants present at the site and/or groundwater.

II.  Characterisation of Radioactively Contaminated Sites and/or groundwater:
Measuring site-specific data on the levels and distribution of radioactive
contamination and residual radioactive contamination, as well as levels and
distribution of radio-nuclides present as background, by employing suitable field
and/or laboratory measurement techniques'. Decide whether the data obtained from
sampling do support the assertion that the site meets the release criterion, within an
acceptable degree of uncertainty, through application of a statistically based decision
rule [2].

IV.  Remediation and Restoration,; Decide about reuse and environmental restoration,
selection of remediation technologies [3].

V.  Reuse and Stewardship: Monitoring, maintenance, information management, record
keeping, archiving for future referencing, land use controls and other mechanisms
necessary to protect the public and the environment from legacy waste deemed
impractical, unsafe, or too costly remediate to unrestricted release [4] now and in the
future [5].

EURSSEM presents comprehensive guidance on all 5 topics mentioned in Figure 1.1 for
radioactively contaminated soil and/or groundwater. The guidance describes a performance-
based approach for demonstrating compliance with a dose- or risk-based regulation. This
approach includes processes that identify data quality needs and may reveal limitations that
enter into conducting a survey. The data quality needs stated as Data Quality Objectives
(DQOs) include performance measures and goals in relation to a specific intended use of the
data.

Data Quality Objectives must be developed on a site-specific basis. However, because of the
large variability in the types of radiological contaminated sites and/or groundwater, it is
impossible to provide criteria that apply to every situation. As an example, EURSSEM
presents methods for planning, implementing, assessing, and making decisions about
regulatory compliance at sites with radioactive contaminants in surface soil and/or
groundwater

Therefore, EURSSEM provides standardized and consistent approaches for developing a
strategy, planning, conducting, evaluating, and documenting environmental radiological
surveys, with specific focus on the final status surveys that are carried out to demonstrate
compliance with clean-up and release regulations.

It is evident that the described approaches may not be applicable for each specific site so that
the Data Quality Objectives will be met. Other methods may be used to meet site-specific
Data Quality Objectives, as long as an equivalent level of performance can be demonstrated®.

Measurements include field and laboratory analyses; however, EURSSEM leaves detailed discussions of laboratory sample
analyses to other manuals or guidelines.

The authors and organisation that have developed EURSSEM would like to be informed about possible other methods and their
specifications, so that they can be taken into account in future versions of EURSSEM.
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Stakeholder
Involvement

1. Decide whether EURSSEM guidance or part(s) of

EURSSEM guidance applies

\/

2. Develop contaminated land strategy
Context and objectives
Stakeholder involvement
Historical site assessment
Preliminary risk assessment
Formulate plans
° Health physics, safety, security and
environmental protection plan
Site characterisation
Remediation
Waste management plan
Stewardship
Record keeping
Quality assurance and quality control
Assessment criteria for short-term and long-term
land use
Archive for future referencing

\ 4

A

3. Characterisation of radioactively contaminated

sites and/or groundwater
Measurements of site and/or groundwater specific
data on the levels and distribution of residual
contamination and background
Decide whether data obtained meet the remediation
or release criteria within an acceptable degree of
uncertainty

A

\

4. Environmental remediation
Strategy for environmental remediation and
objectives
Develop a remediation plan that can be
accomplished safely
Selection of applicable remediation technologies
Implementing remediation activities
Disposal of waste
Conducting post-remediation activities

5. Stewardship
Decide if short-term or long-term stewardship has to
be implemented
Establish short-term or long-term management
strategy for whole a site or part of a site and
priorities for specific areas
Establish most appropriate management option for
each contaminated area

Figure 1.1 The five interrelated parts of EURSSEM

For simplicity, in Figure 1.1 the iterative issue has been omitted.

Table 1.1, at the end of this section, summarizes the scope of EURSSEM. EURSSEM can be
applied to surveys performed at vicinity properties, but the decision to apply the EURSSEM
at vicinity properties is outside the scope of EURSSEM. EURSSEM main focus is on the

release of sites, e.g., restricted or unrestricted (re)use, taken all radioactive contaminants into
account and to give guidance to all stakeholders in this process.
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EURSSEM is written to develop and to disseminate good practice guidance from rendering a
service point (not a regulatory point) of view to support clean-up efforts and the
management of radiological contaminated sites.

Structure of the manual

EURSSEM begins with the “Development of a contaminated land strategy” in Section 2 and
focuses on the strategy to be applied, e.g., describing the two major topics, e.g., stakeholder
involvement in this process and the requirements/set up of an archive for future referencing,
in detail, as these two topics are linked to all actions in this process. Presented guidelines, the
formulation of the necessary plans at a generic level, e.g., dose or risk assessments, health
physics plan, waste management plan, etc., are dealing with soil as well as with groundwater.

In Section 3, the focus is on the radiological characterisation of a site and on the processes
involved in how actually doing this, e.g., measuring site and/or groundwater contaminant
concentration levels, how to decide if data obtained meet the remediation or release criterion
within an acceptable degree of uncertainty, etc.

Remediation and post-remediation activities (restoration) guidelines are presented in Section
4. These guidelines are focusing on the development of a remediation plan that can be
accomplished safely, but also on the selection of applicable remediation techniques as well
as on implementing remediation and post-remediation (restoration) actions.

Section 5 provides information and guidelines on “Reuse and Stewardship”. It is evident that
not all radiological contaminated sites and/or groundwaters can be cleaned and released for
unrestricted use in an acceptable time scale. Sometimes this is also not needed, like for
industrial areas. Therefore, guidelines are set-up for deciding and the implementation of
short-term or long-term stewardship.

In each section, flowcharts will summarize the steps and decisions taken in the process, if
needed. EURSSEM also contains several appendices to provide additional guidance on
specific topics:

- 0: Development of a decision rule and specification of the limits on decision errors.

- 0: Field survey and laboratory analysis equipment for radioactive material
concentrations and radiation levels.

- 0: Derivation of the alpha scanning detection limit calculations.
- 0: Supporting information for interpreting survey results and tables of statistical data.

- 0: Glossary of specific terms applied in site characterisation, remediation and
restoration processes.

- 0: Examples of report formats, checklists and files.

EURSSEM is presented in a modular format, with each module containing guidance on
conducting specific aspects of, or activities related to, the process. Followed in the related
order, each module leads to the generation and implementation of a complete plan. Although
this approach may involve some overlap and redundancy in information, it will also allow
many users to concentrate only on those portions of the manual that apply to their particular
needs or responsibilities. The procedures within each module are listed in order of
performance and options are provided to guide a user past portions of the manual that may
not be specifically applicable to the user’s area of interest. Where appropriate, checklists
condense and summarize major points in the process. The checklists may be used to verify
that every suggested step is followed or to flag a condition in which specific documentation
should explain why a step was not needed.

EURSSEM, which is based on a graded approach that many users of radioactive materials
may be able to employ - with the approval of the responsible regulatory agency - to
demonstrate compliance with the release criterion. Sites that may qualify for simplified
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1.5

release procedures are those in which the radioactive materials used were: 1) of relatively
short half-life (e.g., t, ,# 120 days) and have since decayed to insignificant quantities; 2) kept

only in small enough quantities so as to be exempted or not requiring a specific license from
a regulatory authority; 3) used or stored only in the form of non-leaking sealed sources; or 4)
combinations of the above.

EURSSEM supports existing programs and approaches to expedite site clean-ups and the
integrating of EURSSEM with other remediation and survey site designs. These approaches
can save time and resources by reducing sampling, preventing duplication of effort, and
reducing inactive time periods between steps in a clean-up process. EURSSEM is based on
six principal steps; although these steps are described sequentially, EURSSEM is not
intended to be a serial process that would slow site clean-ups. Part of the significant
emphasis on planning in EURSSEM is meant to promote saving time and resources. Where
appropriate, EURSSEM will provide information about these alternate programs and
approaches.

Use of the manual

Potential users of this manual are companies, government agencies and other parties that can
be described as stakeholders involved in processes to remediate or restore radioactively
contaminated sites for restricted or unrestricted (re)use.

The manual is intended for a technical as well as a non-technical audience. However, having
knowledge of radiation health physics and understanding of statistics as well as experience
with practical applications of radiation protection is recommended.

Understanding of instrumentation and methodologies and expertise in planning, approving,
and implementing surveys of environmental levels of radioactive material is assumed. This
manual has been written so that individuals responsible for planning, approving, and
implementing radiological surveys will be able to understand and apply the guidance
provided here. Certain situations and sites may require consultation with more experienced
personnel.

EURSSEM provides guidance for developing a strategy, conducting radiation surveys and
site investigations. EURSSEM uses the word “should” as a recommendation that ought not
to be interpreted as a requirement. The reader does not need to expect that every
recommendation in this manual should be taken literally and applied at every site. Rather, it
is expected that the documentation will address how the guidance will be applied on a site-
specific basis.

As previously stated, EURSSEM supports implementation of dose- or risk-based regulations.
Guidelines are incorporated how to translate the regulatory dose limit to a corresponding
concentration level. Therefore, the guidance in this manual is applicable to a broad range of
regulations, including risk- or concentration-based regulations. The terms dose and dose-
based regulation are used throughout the manual, but these terms are not intended to limit
the use of the manual.

Note that (national) governmental agencies that can approve a demonstration of compliance
may support requirements that differ from what is presented in this version of EURSSEM. /¢
is essential, therefore, that the persons carrying out the process remain in close
communication with the (proper) national and local government throughout the compliance
demonstration process.
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Table 1.1 Scope of EURSSEM

Within Scope of EURSSEM

Beyond Scope of EURSSEM

Guidance EURSSEM provides technical, Regulations EURSSEM does not set new regulations
performance-based guidance on or non-technical issues (e.g., legal or
developing a contaminated land strategy, policy) for site clean-up.
stakeholder involvement, conducting Guidance in the calculation of release
radiation surveys and site investigations, criteria is provided; however, applied
remediation and restoration, and reuse methods and results should be approved
and stewardship. by involved regulators.

Tool box EURSSEM can be thought of as an Tool box Many topics are beyond the scope of
extensive tool box with many EURSSEM, for example:
components — some within the text of - packaging and transportation of wastes
EURSSEM, others by reference. for disposal;

- decontamination and stabilization
techniques for waste;
- training.

Stakeholder The guidance given in EURSSEM is Procedure Suggested points of concern and

involvement general and based on internationally approaches in EURSSEM depend on a
reported experiences in literature. site-specific need - there are no set of

general applicable procedures to set-up
an effective stakeholder-involvement.

Measurement | The guidance given in EURSSEM is Procedure The approaches suggested in EURSSEM
performance-based and directed towards vary depending on the various site and/or
acquiring site-specific goals. groundwater data needs - there are no set

of general applicable procedures for
sample collection, measurement
techniques, storage and disposal of waste
established in EURSSEM.

Modelling The interface between environmental Modelling Environmental pathway modelling and
pathway modelling and EURSSEM is an ecological endpoints in modelling are
important survey design consideration beyond the scope of EURSSEM.
addressed in EURSSEM.

Soil, subsurface |The main media of interest in EURSSEM |Other media EURSSEM does not cover other media,

soil, surface or

are contaminated surface soil, subsurface

including construction materials,

subsurface soil, surface or subsurface water (and equipment, biota, air, sewers, sediments
water (and building surfaces). or volumetric contamination.
buildings)
Final status EURSSEM gives guidance on final status |Materials or EURSSEM does not recommend the use
survey survey as this is the deciding factor in equipment of any specific materials or equipment or
judging if the site meets the restricted or methods - there is too much variability in
unrestricted release criteria. the types of radiation contaminated sites
and/or groundwater - some information
will be within the text of EURSSEM,
others by reference.
Radiation EURSSEM only considers and focuses  |Chemicals EURSSEM does not deal with any
on radiation-derived hazards. hazards posed by chemical contamination
- this information will be in other
documents.
Data Quality EURSSEM presents a systemised Data Quality EURSSEM does not provide prescriptive
Objective approach for designing surveys to collect |Objective or default values of Data Quality
\process data needed for making decisions such as |process Objectives.

whether or not to release a site.

Data Quality

EURSSEM provides a set of statistical

Data Quality

EURSSEM does not prescribe a

Assurance tests for evaluating data and lists Assurance statistical test for use at all sites.
alternate tests that may be applicable at
specific sites.
Remediation EURSSEM assists in determining a Remediation EURSSEM does not discuss selection
(restoration) remediation-restoration method when methods and evaluation of remedial-restoration
method sites are ready for a final status survey alternatives, legal considerations and

and provides guidance on how to

policy decisions related to planning.
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Within Scope of EURSSEM

Bey

yond Scope of EURSSEM

determine if remediation was successful.

Radioactive EURSSEM provides some general Procedure The set-up of detailed guidance and
waste information and guidance on implementation on radioactive waste
management and transport. management and transport are beyond
the scope of EURSSEM.
Post- The presented guidance and assistance in |Post-restoration | EURSSEM does not discuss selection
remediation EURSSEM is to prevent this type of method and evaluation of post-remediation
activities activity; however, it cannot be excluded. alternatives, legal considerations and
Therefore, EURSSEM provides policy decisions related to planning.
assistance in post-remediation activities.
Reuse- In the case of restricted reuse, Stewardship EURSSEM does not prescribe to
stewardship EURSSEM provides guidance in management implement stewardship or discuss
implementing short-term or long-term  |and strategy selected stewardship management or
stewardship. strategy.
Archive for EURSSEM gives guidance to set-up such |Content of EURSSEM does not provide prescriptive
[future an archive and its content. archive for or default contents of an archive for
referencing [future future referencing.
referencing
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2.1

Development of a strategy, implementation and execution
programme to remediate radioactively contaminated sites

Context and objectives

As indicated in Section 1, the European Radiation Survey and Site Execution Manual
(EURSSEM) has been developed to provide a consistent consensus approach and guidance
to conduct all actions at radioactively contaminated and potentially radioactively
contaminated sites and/or groundwater up to their release for restricted use or for unrestricted
use.

The term ‘site’ means land together with any buildings or structures being considered for
release from regulatory control [6]. Buildings or other structures are not subject of this
document. However, techniques used for the characterisation, decontamination and
remediation and reuse of buildings and structures might also be used for the characterisation,
remediation and reuse of sites.

Mixed contamination sites generally result from waste disposal practices, unintentional
releases from waste or material storage facilities, accidental spills during transportation or
operations at facilities that manage hazardous and radioactive materials, and mining [7].
They can also derive from smelting operations and incineration of radioactive and hazardous
wastes when air emissions are deposited on land. Releases of hazardous and radioactive
contamination to the environment can have an impact on surface soil and the vadose zone,
groundwater, surface water and sediments.

The word ‘soil’ has a variety of different meanings depending upon its relevance to the
society [8]. Farmers consider it as the part of the earth’s surface containing decayed and
organic material in sufficient quantity to grow plants and crops. Geologists take it as the
residual (left over) material from underlying parent rock that supports root growth. To the
engineer, soils include all earth materials overlying the rock crust and contain particles of
minerals, gasses, and liquids.

In general, soil is a living system that represents a finite resource vital to life on earth. It
forms the thin skin of unconsolidated mineral and organic matter on the earth’s surface. It
develops slowly from various parent materials and is modified by time, climate, macro- and
microorganisms, vegetation, and topography.

Soils are complex mixtures of minerals, organic compounds, and living organisms that
interact continuously in response to natural and imposed biological, chemical, and physical
forces. Vital functions that soils perform within ecosystems include: sustaining biological
activity, diversity, and productivity; regulating and partitioning water and solute flow;
filtering, buffering, degrading, immobilizing, and detoxifying organic and inorganic
materials, including industrial and municipal by-products and atmospheric depositions;
storing and cycling nutrients and other elements within the earth’s biosphere; and providing
support for socio-economic structures and protection for archaeological treasures associated
with human habitation.

Different views about soil quality exist. For people active in production agriculture, it may
mean highly productive land, sustaining or enhancing productivity, maximizing profits, or
maintaining the soil resource for future generations. For consumers, it may mean plentiful,
healthful, and inexpensive food for present and future generations. For naturalists, it may
mean soil in harmony with the landscape and its surroundings, and for the environmentalist,
it may mean soil functioning at its potential in an ecosystem with respect to maintenance or
enhancement of biodiversity, water quality, nutrient cycling, and biomass production. In
general, soil quality may be defined as: the capacity of a specific kind of soil to function,
within natural or managed ecosystem boundaries, to sustain plant and animal productivity,
maintain or enhance water and air quality, and support human health and habitation.
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Soil quality is therefore related to how well the soil does what we want it to do. This means
that we need to have the complete information about the specific kind of soil or the soil
characteristics which in fact are always subjected to fluctuations due to changes in
management, changing rainfall patterns (including acid rain), changing water table levels and
vegetation cover and other environmental factors. These changes in turn disturb the chemical
equilibrium pattern in soil. In other words, soils are not material specific, many of their
properties are not single valued, many are transient, and many are not randomly distributed
but rather systematically time and spatially dependent.

Soil quality can be affected or disturbed by any of the factors described above and when a
disturbance is due to the presence of substances in such concentrations which affect or tends
to affect the role the soil plays in the ecosystem, it is known as contaminated soil, and the
substances involved in this process are called soil contaminants. The standards or the
thresholds that are fixed for the various soil contaminants through the national/international
legislations provide specific definitions of soil contamination, as contamination here refers to
the exceeding of the threshold limiting values prescribed in such legislations.

External contaminants entering a soil body through wet or dry precipitation, such as
radionuclides, trace elements or organic compounds behave differently with regard to each
soil type according to the absorption properties, texture, density, humidity, and other factors.
As these properties are not homogeneously developed in a certain soil bed and soil properties
change largely with stratigraphy it is extremely difficult to collect soil samples from a
sampling area for chemical analysis in such a way that representativity is assured.

Groundwater is considered to be the water in the subsurface, in both the unsaturated and
saturated zone, of a region, being an integral part of the larger hydrologic cycle of the region
(Figure 2.1) [9]. Interactions between groundwater and surface water bodies (recharge and
discharge zones) provide one of the major pathways through which site and/or groundwater
contaminants interact with humans and the wider terrestrial environment. These interactions
can be beneficial by diluting the contaminated groundwater which can be a major factor in
the reduction of the impact of groundwater contamination.
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capillary fringe

4 Y

il K
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Figure 2.1 Generalized overview of the subsurface environment

Alternatively, contamination may become concentrated in bottom sediments through
precipitation and sorption processes, or may be taken up and accumulated in plants and
animals. Contaminants may also be transported to become deposited some distance from the
point of discharge, usually at some interface, such as when suspended particulates are
deposited when a river flows into a lake. Changes in water chemistry can occur downstream
in a river system or where two rivers meet, as may the anaerobic conditions when a polluted
river flows into a clean river or where effluents such as sewage are discharged into a water
course. All of these processes and others can influence the way in which contaminants
interact with man and the environment.
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As aresult, any programme intended to assess and remediate contaminated sites and/or
groundwater should start with the development of a structured conceptual model that
embodies geology, hydrogeology, toxicology, radiology, and affected populations.

Five principles have been identified for the development of a consistent approach and
guidance to conduct all actions at radioactively contaminated and potentially radioactively
contaminated sites and/or groundwater up to their release for restricted use or for unrestricted
use [10]. These principles apply at various stages in site and groundwater management. They
are:

- Principle 1: Protection of people and the environment
The fundamental objective of managing a radioactively contaminated site and/or
groundwater that is going to be reused should be to achieve a level of protection of
people and the environment that is conform to the existing views of health physics and
ALARA.

The term “managing a radioactively contaminated site and/or groundwater” includes
all actions to control, to characterise and to remediate (wholly or partially) the
radioactive contamination, to restore the site, to install if necessarily short-term or
long-term stewardship, as well as the associated decision-making processes.

This definition excludes the management of radioactively contaminated sites and/or
groundwater that are still in operation conform its original intent and license, e.g., the
site of an operational nuclear power plant, the site of a radioactive waste disposal
facility, etc..

The intent of Principle 1 includes that it should not be tied to a moment in time, but
should be applicable now and in the future, so that new developments, such as in the
field of control, characterisation, remediation, etc., can be taken into account.
Therefore, the fragment “conform existing views of health physics” is included in this
principle.

The International Commission on Radiological Protection (ICRP) stipulates that [21]:

“Remediation measures shall be justified by means of a decision aiding process
requiring a positive balance of all relevant attributes relating to the
contamination. In addition to the avertable annual doses, both individual and
collective, other relevant attributes shall be assessed.”

Remedial actions at a radioactively contaminated site have direct and lasting effects on
the level of contamination and thus on the level of stewardship required at the site.

The International Atomic Energy Agency defines that [14]:

“Remediation shall (a) reduce the doses to individuals or groups of individuals
being exposed; (b) avert doses to individuals or groups of individuals that are
likely to arise in the future; (c) prevent and reduce environmental impacts from
the radionuclides present in the contaminated area.”

The International Atomic Energy Agency formulated in an IAEA Safety Guide the
criteria for the release of sites from regulatory control upon the termination of
practices [6]. Though strictly speaking this guide applies only to the decommissioning
of authorized practices, sites where past practices or accidents have led to
contamination in the the ground would have to comply with most of the criteria set out
there.

“The restrictions should be designed and implemented to provide reasonable
assurance of compliance with the dose constraint for as long as they are
necessary... Therefore, existing regulatory limits on the institutional control
time frames should be taken into consideration in deciding whether to release a
site for restricted use.”
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The term ALARA (As Low As Reasonably Achievable) is included to emphasize that
economics are an integral part of the management of radioactively contaminated sites
and/or groundwater. By explicitly integrating economics in the management of a
radioactively contaminated site and/or groundwater, the managing becomes site
specific and will depend on the economical strength of the area (country) in which the
radioactively contaminated site and/or groundwater is located.

Principle 2: Stakeholder involvement
The legal entity responsible for the management of a radioactively contaminated site
and/or groundwater should involve stakeholders.

The intent of Principle 2 is to ensure effective participation of stakeholders in the
management of a radioactively contaminated site and/or groundwater, whether it is
required by the regulatory framework or included in the organisational policy, to meet
stakeholder’s expectations and/or to improve decision-making processes.

Principle 3: Identifying the preferred site management option

The legal entity responsible for the management of a radioactively contaminated site
and/or groundwater should identify the preferred reuse option (or options) for the
remediated and restored radioactively contaminated site.

The intent of Principle 3 is to make it unambiguous clear that the responsibility for
defining the reuse option of a radioactively contaminated site lays by the legal entity
that is responsible for the site. How the responsible legal entity has performed the
decision-making process to come to a preferred reuse option is not important and is
out of the scope of this guidance. However, it is evident that if in the decision-making
process factors are taken into account that are of concern to stakeholders, including
health, safety and environmental impacts and various technical, social and financial
factors, the chance of acceptance by stakeholders of the preferred reuse option will be
greater.

Principle 4: Immediate action

The legal entity responsible for the management of a radioactively contaminated or
suspected radioactively contaminated site and/or groundwater should perform all
measures so that Principle 1, Protection of People and the Environment, is fulfilled.

The intent of Principle 4 is to make it unambiguous clear that the legal entity has to act
and will be kept (socially and financially) responsible for any damage, e.g., social,
health, environmental impacts, etc., by any negligence.

Principle 5: Archive for Future Referencing

The legal entity responsible for the management of a radioactively contaminated or
suspected radioactively contaminated site and/or groundwater should set-up an
“Archive for Future Referencing”.

The intent of Principle 5 is that from each formerly radioactively contaminated or
suspected radioactively contaminated site and/or groundwater, the information is
available that can be consulted for assessing the eventual risk of any remaining
radioactive contamination according to risk-assessments developed in the future.

The content of the “Archive for Future Referencing” has to contain information about
what is present, what is not present and what has never been present.
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2.2 Designing a remediation programme for radiological contaminated sites
2.2.1 Major steps in a remediation programme

Environmental remediation should commence with a planning stage [3]. Matters which
should be considered first, i.e., at the very beginning of the planning stage, should include
the following:

- Potential human health and ecological impacts;

- Public perception and response to the problem;

- Likely permanence of adverse effect of contamination;
- Potential for spread of contamination;

- Established radiological and other criteria;

- Potential for trans-boundary effects;

- Availability of technological solutions and resources;

- Financial capability;

- Lessons learned.

The preparation of a programme plan is linked to a number of other activities. The general
elements of an actual environmental restoration programme may comprise:

- Preparing the programme plan;

- Estabilish stakeholder involvement;

- Perform a historical site assessment;

- Conducting a radiological site characterization;
- Establishing remediation criteria;

- Selecting the remediation approach;

- Implementing remediation activities;

- Conducting post-remediation activities;

- Considering special aspects;

- Establishing a quality assessment program;
- Reporting and archiving.

Each of these elements requires pre-planning. It is helpful to prepare reports which detail all
the supporting activities related to these elements before significant levels of funds and
efforts are committed. The preparation of this programme plan will usually require several
iterations. A number of preliminary choices or strategic decisions will have to be taken as the
plan is developing.

2.2.1.1 Potential human health and ecological impacts

The remediation plan and associated monitoring requirements should be designed and
implemented so as to identify possible adverse health and environmental effects of the
contaminants and to optimize protection. These considerations apply to the workers
performing the remediation, to the public and to the environment.

To achieve the objectives of an environmental remediation, decisions should be taken
concerning the following:

- The schedule and sequence of the remediation activities;
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- Operational quantities (e. g., instrument readings corresponding to the reference
levels);

- The criteria for the termination of remedial actions;
- Post-remediation conditions with regard to access to or use of the site.

Dependent on the scale of contamination, remediation of sites may be prioritized following a
hazard assessment and reduction process. Political considerations, funding considerations,
logistical considerations and public input may play another important role, however.

Considering public health and ecological factors, the decision making relating to priorities
with respect to remediation of sites may be influenced by the factors as indicated in the
following sections [44].

Public perception and response to the problem

Differences may exist between the way communities and engineers think about risk,
resulting in communications between the two groups sometimes being rather difficult.
Experiences have shown hat ‘top-down’ risk communication is unlikely to resolve
environmental risk controversies. As a result, risk communication and policy practice have
moved towards a two-way dialogue between the ‘community’ and ‘experts’.

Despite for example the tendency to consider widely-reported events to be more likely than
they really are, or other biases that have impact on the perception of risk, the ability of the
general public to rank frequency of death from hazards is often not unrealistic. However, the
perception of the general public diverges from ‘scientific’ risk assessment in that they factor
in ‘quality’ of hazard, e.g., thread, familiarity and catastrophic potential. Different forms of
death and disease are not feared equally.

Further, the general public’s understanding of a risk should not be confused with the general
public’s acceptance of the risk. The level of acceptable risk is a matter of values and
opinions. Any evaluation of options should therefore explicitly incorporate underlying values
and social factors such as fairness and the balance of benefit and risk. Steps that result in a
fair and more voluntary distribution of risk will be helpful.

Likely permanence of adverse effect of contamination

The nature of the response to environmental problems at the national level, and eventually at
the programme or project level, will depend on the nature, the extent and the likely
permanence of adverse effects of contamination. This includes the information on
radionuclides involved, their distribution affected media, actual or potential exposures of
individuals and the general public, and the potential negative effects on the environment.

The potential for spread of contamination

An important step should be to assess the potential for spread of exposure from the
contamination to humans and the environment. After the seriousness of the problem has been
evaluated, the urgency for action can be determined. Situations requiring immediate or
urgent action are high priority, as the actual or perceived threat to human health and safety
may require a quick response. If the environmental contamination resulted from a past or
present practice about which historical information is mostly available, the decision making
authority, has more time and flexibility to consider all relevant factors and assess their
relative importance

Established radiological and other criteria

The criteria for deciding whether to terminate environmental remedial actions should be
clearly stated in the plan. This way an unnecessarily continuation of environmental
remediation can be avoided beyond the point at which it is justified and optimized. As an
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2.2.1.6

integral part of any successful environmental remediation there should be a clear
understanding by the interested parties of the environmental remediation end criteria.

Clean-up or restoration criteria can help in the allocation of resources for clean-up in a cost
effective manner. Such criteria are generally derived from radiation protection criteria.
International and national organizations and regulatory bodies have established a great
variety of limits to restrict or constrain doses that might be received by man. They may,
where appropriate, be adopted directly for use in evaluating the need for the restoration of a
site.

Restoration criteria can be site specific or generic. Site specific criteria for restoration are
typically based on calculated risks to humans or to the environment. This approach allows
for the adaptation of clean-up levels to local site conditions. For example, the health risk at a
particular site may depend on the combined effect of many factors, such as the radioactive
species, its distribution and concentrations, possible pathways, climatic conditions, soil
conditions, hydrology, meteorology, and demographics.

Since each site presumably has different conditions, the use of site specific criteria allows the
tailoring of restoration criteria to each specific site. In other words, it is possible to assign
different clean-up levels while keeping the risk at a uniform level for all sites. However, site
specific criteria, typically leading to different restoration levels at different sites (the very
reason for its use) may lead to social/political questions of perceived injustice and inequity.

Generic criteria will usually also be based on risk consideration but are not necessarily
directly related to the conditions at the site under investigation. Generic criteria are uniform
for all sites in a region or country. The major advantage of generic criteria may be their
greater political acceptability. As generic criteria do not give rise to different restoration
levels, they avoid the appearance of providing different treatment of different population
groups. Because of their clarity, generic criteria are also easier to regulate and enforce. The
disadvantage of generic criteria is that they may not be universally applicable. By adhering
to them, the opportunity of tailoring the expensive clean-up activity to minimum locally
required levels can be lost. In some instances, this could dramatically increase the cost over
what would be necessary under site specific standards.

In general, the interaction between specific (or local) and generic (or national) regulations, if
not harmonized, can significantly increase the cost of and time for the restoration. It is of
value to resolve conflicts between these regulations prior to the start of restoration otherwise
programme/project focus is lost. Negotiations should be initiated to determine the primacy of
regulations for each expected situation at the start of the decision making process. It is
suggested that communications between local, regional, and national regulators and with the
project managers are established and maintained throughout the life of the project. It is also
important to consider the full range of regulatory regimes that could impact work at the site.
For example, unless allowances are made for local building permits and restrictions (if
applicable) there could be significant project delays if facility construction was not carried
out in conformance with the local requirements.

Potential for trans-boundary effects

The movement of environmental contaminants across national boundaries can have serious
consequences for the affected countries.

International agreements exist on the trans-boundary movement of wastes and the disposal of
said wastes in international waters. In addition, international standards and conventions exist
on waste management practices and radiation protection. An additional area where
international factors can be of considerable interest is in the areas of technical or financial
assistance. The ability to access technical knowledge from other countries can significantly
reduce the challenges to a country with limited experience. Also, the availability of
international funding can assist with environmental contamination that threatens other
countries.
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2.2.19

Availability of technological solutions and resources

A wide range of in-situ and ex-situ instruments is available for the detection of radioactivity
and hazardous materials to characterise radioactively contaminated sites. In general different
radiation detectors will be required to detect different types of radioactivity (e.g. alpha, beta

and gamma). EURSSEM gives guidance and a detailed description of instruments available

and this is presented in 0 (not claiming to be 100% complete).

Most environmental remediation technologies currently available are expensive to
implement and may take long periods of time to complete. Continued research is ongoing
worldwide to develop new techniques for in-situ and ex-situ remediation. A general list and
description of these technologies can be found in Section 4.5 of this document. Care should
be taken to evaluate the success or failure of the technologies which have been developed
and to compare the site specific characteristics against the test site to determine the viability
at a particular site.

Provisions for the different actions in the plan, e.g., establishing stakeholder involvement,
historical site assessment, characterisation, remediation, post-remediation etc., should be
addressed in the remediation plan. As remediation progresses, the plan should be updated to
reflect any changes or provisions relating to the conduct and progress of the remediation.

Financial capability

The parties who caused the contamination or allowed it to occur should be held responsible
for the remediation programme and its funding, in accordance with the ‘polluter pays’
principle [Principle 4]. However, circumstances in many instances may be complex and the
total remediation costs may be disproportionately high in comparison with the actions of the
organization that caused the contamination. The contamination may, for example, have been
caused by changes to exposure pathways that were unforeseen when a discharge
authorization was given, or by an accident. In some cases, the economic costs apportioned to
an organization would be such that they could lead to its bankruptcy and consequent inability
to pay. Adequate funding mechanisms should be foreseen, therefore, and costs may fall
wholly or in part on owners, industry, developers, local communities or national
governments, as well as on the original polluter [12].

Since the apportionment of liabilities may be contentious, particularly when large sums of
money are involved, and formally designating a site as requiring intervention may bring an
unwelcome depreciation in the value of the surrounding properties, the responsible party
should engage with interested parties to negotiate voluntary and cooperative action in
preference to the regulatory body initiating enforcement action. Among interested parties
should be included: local authorities, owners, tenants, users, potential developers, liability
insurance companies, local communities near the site who may benefit from the intervention,
those responsible for the source of the pollution and environmental groups.

Regulatory oversight should be maintained and adequate and proportionate funding should
be provided, to enable the regulatory body to ensure that any remediation is carried out
properly. The government should fund regulatory oversight, or otherwise the regulatory body
may fund its regulatory activities through a system of fees chargeable to the project. When
urgent action is needed, responsibilities for the remediation should be assigned to a specific
organization with adequate technical and human resources to establish and perform the
remediation programme urgently and to recover the costs at a later time.

Lessons learned
The process of designing an environmental remediation plan should take advantage of
lessons learned from similar environmental remediation projects that have been completed in

the past. These lessons learned may provide both positive and cautionary advice. In effect,
information on the failure of a particular method of environmental remediation in certain
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circumstances may help to narrow the choice of feasible environmental remediation
strategies when planning new remedial actions.

Initial decision making
Overall approach
In principle, an overall remediation process for radioactively contaminated and potentially

radioactively contaminated sites and/or groundwater may involve five main activities (Figure
2.2)[12]:

1. Historical site assessment

2. Initial site characterisation and establishing remediation criteria;

3. Identification of remediation options and their optimization, followed by subsequent
development and approval of the remediation plan;

4, Implementation of the remediation plan; and

5. Post-remediation management and stewardship

Following completion of each of these main activities, a decision should be taken about
whether to release the site or part of the site for either restricted or unrestricted use, or to
proceed to the next activity. The differences in implementation for specific sites will be in
the degree of detail and complexity of the activities undertaken in each step in the process.
An iterative approach based on the potential risks should be used.

Planning for remediation should begin once a radioactively contaminated or potentially
radioactively contaminated site and/or groundwater has been identified or following a
priority list defined in a larger project. The necessary funds should be made available either
from the responsible party or through other mechanisms provided for in the legislation. The
responsible party should collect available information about the radioactively contaminated
or potentially radioactively contaminated site and/or groundwater and should perform a
historical site assessment [Principle 4]. Interested parties, including past and present owners,
workers, local industry, residents, neighbouring states and/or local governments, should be
consulted to obtain information, as appropriate.

General or specific reference levels should be used for an early analysis to determine the
type and the extent of contamination that would require remediation. These levels should
provide assistance in the early planning and help to establish the end criteria of any possible
remediation activities.

A site characterization should then be performed on the basis of the relevant site information
to determine whether the remediation end criteria (in terms of individual doses or derived
concentration values) have been met. If the criteria have been met and this is confirmed by a
survey, the site can be released without restrictions (i.e., no remedial actions are necessary).

If the site does not meet the criteria for unrestricted release, suitable remedial measures
should be identified and an options study should be performed to compare the benefits and
detriments of these measures. The options should cover a broad range of situations and
should be based on a set of credible exposure scenarios.

For all options identified, a study should be performed to determine the option that is best for
the site. The study should factor in both justification and optimisation [Principle 1]. This
study should include estimates of the costs and other resources associated with the treatment,
removal, transport and disposal of contaminated material for each option; estimated doses to
workers and the public due to exposure before, during and after the remediation; overall
safety issues during remediation; available technologies; considerations for monitoring and
sampling; amounts of wastes that will be generated; and the institutional controls required
after implementation of the option, if applicable.
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Figure 2.2 Overall remediation process
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For the options under consideration, optimisation of protection should be performed for the
justified options to determine the option that has the highest net benefit. On the basis of this
optimization, a preferred option should be selected that also takes into account non-
quantitative considerations such as social and political aspects [Principle 3].

The most suitable option may be the one that can be implemented with assurance of success
and that provides the most benefits or results in the least damage to the environment as a
whole, at acceptable cost, in the long term, as well as in the short term [7]. The process of




making judgements on what might be the most suitable management option in environmental
remediation projects has been illustrated in Figure 2.3 as an example.
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Figure 2.3 Example of phases of decision making in remediation strategies
and technologies

For the selected option, a detailed remediation plan showing that remediation can be
accomplished safely should be prepared for each radioactively contaminated site and/or
groundwater, unless otherwise required by a competent authority and the remediation plan
should be subject to the approval of the competent authority prior to its implementation.

Plans should be provided for both the remediation work and the necessary measures for post-
remediation, such as maintenance, monitoring and institutional controls to enforce
restrictions on land use and buildings, if applicable. Although institutional controls may last
for a long period of time, they are part of the post-remediation process and should therefore
be covered in the remediation plan.
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Once the remediation plan has been approved, it should be implemented as soon as possible.
If it is decided not to remediate the site, decisions should be taken on imposing restrictions
on its use or access prior to release. If remedial actions are required, they should be
implemented as soon as possible.

Two types of remedial action are possible: (1) source removal, or (2) pathway change. After
the approved remedial actions have been completed, the effectiveness of the implementation
should be evaluated, for example by a competent authority.

If the established remediation criteria have been met after source removal actions, the site
should be released without further restrictions. If the criteria have been met after pathway
change actions, the site should be released with appropriate restrictions. These restrictions
would be in the form of institutional control on the use of the site, for example to ensure that
restrictions on grazing are followed.

If, after remedial actions have been carried out, the criteria have not been met, the
responsible party should determine whether further remediation is feasible or whether the
site should be released with restrictions, and should submit a proposal accordingly to the
competent authority for approval. If conditions have changed or additional information has
been collected, and further remediation is justified, the process illustrated in Figure 2.2
should again be followed, starting at the stage at which the options are to be identified.

2.2.2.2 Historical site assessment

A historical site assessment may be performed for a site subject to a remediation project to
collect the information about the historical radiological conditions and to identify what
additional information may be necessary to enable an evaluation of the site to be performed.
This assessment could be made on the basis of operational and available information.

The objectives of a historical site assessment could be:

1. To identify possible sources of radiological and non-radiological contamination and
other hazards;

To identify the characteristics of the contaminants;

To identify related past activities or accidents that occurred on the site;
To determine the impact of the site on human health or the environment;
To provide input into the design of the characterization survey;

To provide an assessment of the likelihood of migration of contaminants;

N kD

To determine possible responsible parties.

Existing information providing a physical description of the site should be collected,
including aspects such as location, buildings, buried material, physical barriers, geological
and hydro-geological characteristics, type of soil and human activities on or near the site that
may help to identify parties that may potentially be affected by the remediation. The
information may be collected by means of (1) a review of operational records, past
radiological and non-radiological surveys and local government records and files, and (2)
interviews with present and former employees or residents.

In the assessment of any environmental contamination, all available information should be
used to estimate the scope of the problem and to determine the type, quality and quantity of
measurements necessary to make a decision on the extent of the remediation required.
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Remediation criteria

Reference levels have been defined for use within the system of protection [13]. A reference
level (often expressed in terms of annual effective dose’) indicates a level below which
remediation is normally unlikely to be justified, and it serves as a criterion for the
unrestricted release of a site. A generic reference level for aiding decisions on remediation is
an existing annual effective dose of 10 mSv from all sources, including natural background
radiation. This will normally be assessed as the mean dose for an appropriately defined
critical group. Remedial measures may be justified below the generic reference level and
national authorities may define a lower reference level for identifying sites that might need
remediation [14].

Additionally, a reference level specific to a particular component of the dose (such as that
due to the inhalation of radon) may be established to limit the contribution of this component
to the annual dose. This specific reference level should be expressed in terms of annual dose
as an appropriate fraction of the generic reference level, or in terms of a subsidiary quantity
such as dose rate or activity concentration.

In addition to a generic reference level for the total effective dose, a generic reference level
for organ doses may also be required. An existing annual equivalent dose of 100 mSv
(inclusive of all existing contributions, including doses due to natural background radiation)
to any organ shall justify intervention under almost any circumstances [10].

The reference levels for the annual effective dose and equivalent organ doses, together with
the specific reference levels for dominant components (as far as established by the competent
authority), establish the remediation end criteria. These levels should refer to the actual
exposures as well as to potential future exposures. Potential future exposures should
correspond to the scenarios considered in the options study, which is referred to in Figure
2.2.

In general, dose criteria cannot be directly measured, and therefore it is necessary to use
assessment models to derive operational quantities that can easily be measured. By proper
modelling of the exposure pathways, both the generic reference levels and specific reference
levels can be converted into operational quantities, such as activity concentrations in Bg/g or
Bg/m’, above which remedial actions should be implemented. This will enable the
responsible party to implement remedial actions and demonstrate compliance with dose
criteria.

On the basis of a generic reference level for the total effective dose of 10 mSv/year (or lower
levels if specified by the competent authority), radionuclide specific generic reference levels
for remediation, expressed in terms of bulk activity concentration (for soil and other
material) as well as surface activity concentration, should be calculated by acceptable
methods and in consideration of the components (e.g., material characteristics).

As an example, a specific approach for the implementation of remediation criteria may be
summarised as indicated in the form of the reference levels indicated in Table 2.1 [15].

The reference levels relate to the annual individual doses, to an average member of the
critical group, additional to the regional level of background. For Bands 5 and 6 (and
possibly 4), however, the additional dose is usually large compared to this background, and
so the criteria might reasonably be applied to the total dose including background if this is
more convenient.

The reference levels would, in the first instance, be compared to the doses estimated on the
basis of the initial level of contamination. This comparison will give an indication of whether
remediation is likely to be justified radiologically. The end point for remediation would then,

The annual effective dose is the sum of all significant components of annual dose incurred by a typical individual in an exposed
group of people, from all relevant sources and via all pathways of a human habitat subjected to prolonged exposure. The
existing annual dose therefore includes: the annual dose from natural sources of radiation; the annual dose caused by the
accumulation of long lived radio-nuclides released from practices under control; and the annual dose caused by long lived
radioactive residues from previous human activities and from long standing accidental contamination of the environment.
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in principle, be determined by optimization, but the reference levels can also be used to give
an indication of the likely acceptability of different end points as a new 'background' level,
i.e. for a return to normality. With the possible exception of situations initially in the upper
end of Band 4 (where a justified and optimized remediation might conceivably leave a
situation towards the lower end of Band 4), any remediation would normally need to produce
an end point at least one band lower, and no higher than Band 4.

Table 2.1 Examples of reference levels for remediation criteria

Range of annual doses Is remediation needed?
Band No. (to average member of
the critical group) With constraint Without constraint

Band 6 > 100 mSv/a Always Always
Band 5 10 — 100 mSv/a Always Almost always
Band 4 1 —10 mSv/a Almost always Usually
Band 3 0.1 =1 mSv/a Usually Sometimes
Band 2 10— 100 uSv/a Sometimes Rarely
Band 1 <10 uSv/a Almost never Almost never

The annual doses dividing the bands are approximations in view of the uncertainties
involved. Nevertheless, it is convenient to have single numbers to represent criteria, and
considerable presentational problems may be expected if slightly different numbers are
quoted in different situations.

In this case, the most significant criterion that cannot readily be linked to existing criteria is
probably that dividing Bands 4 and 5. This represents a point above which remediation
would normally be expected to be undertaken in unconstrained situations, and therefore also
represents the maximum level of residual dose that (apart from exceptional circumstances)
might be considered acceptable as a new 'background' level. Therefore, situations with
annual individual doses above this level would never be considered as normal whereas
situations with annual doses below this level could, depending on the situation, be
considered as normal.

The choice of 10 mSv/a for the boundary is necessarily a judgement, but is felt to be robust
in the face of a number of considerations, including:

- Worldwide variation in annual natural background dose;

- Action levels recommended by ICRP and the Basic Safety Standards for radon in
dwellings;

- Doses implied by interdiction levels of activity in foodstuffs; and
- IAEA recommendations on criteria for resettlement of populations.

The generic criteria in Table 2.1 may not be appropriate in all situations. However, any
perceived inconsistency in criteria may have negative effects in terms of public acceptance
that could well outweigh the economic or radiological benefits to be gained by using
situation specific rather than generic criteria. Therefore, where local factors do support the
use of situation specific criteria that differ significantly from the generic ones, these factors,
and the effect they have been considered to have on the criteria (including any judgements or
assumptions made), should be clearly stated. Such factors would include the distribution of
individual doses and risks within the population.

Development of site specific criteria for remediation
If the responsible party introduces site specific reference levels in place of the generic
reference levels, these should be derived from a process of justification and optimization of

protection [Principle 1]. Within this justification process (ALARA), it should be
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demonstrated that the resulting avertable* doses and other beneficial effects of the
remediation are worthwhile in terms of costs, exposures of workers, any harmful
environmental impacts and other disadvantages. From this, a site specific reference level
should be derived in terms of an acceptable residual dose. A site specific reference level
should not be interpreted as a strict limit but as a level against which the residual doses
resulting from a justified and optimized remedial measure are to be compared.

While remediation may contribute to social and economic improvements in the area,
remedial measures may also involve considerable cost and social inconvenience, and the line
between caution and over-reaction may be difficult to distinguish. In applying the site
specific reference levels, therefore, the exposures to be compared with these levels should be
assessed on the basis of the average dose to the critical group determined by making realistic
assumptions about diet and lifestyle, using realistic socio-economic factors and habitability
data, and accounting for all possible pathways. The assumption of extreme or unrealistic
characteristics in the dose assessment would be inconsistent with the goal of selecting the
most appropriate remedial measure.

The outcome of the assessment of individual doses should be compared with the reference
levels for remediation. If these reference levels correspond to doses that are lower than the
average individual dose to the critical group, remedial measures are justified and should be
implemented. The effects of different remediation options on individual doses should be
calculated by using models that are consistent with those that are used to assess the
individual doses from the contaminated environment.

As with using a generic reference level, the derivation of operational quantities expressed
both as bulk activity concentration (for soil and other material) and as surface activity
concentration (for surfaces) should also be performed. These calculations should yield
remediation end criteria that are radionuclide specific and site specific. The calculations
should be based on the same models, or at least models that are consistent with those that
were used for calculating the radionuclide specific generic reference levels for remediation.

“The normal exposure of individuals shall be restricted so that neither the total effective dose
nor the total equivalent dose to relevant organs or tissues, caused by the possible
combination of exposures from authorized practices, exceeds any relevant dose limit” [6].
The dose limit of 1 mSv in a year for members of the public represents an upper bound on
the sum of effective doses from all possible combinations of exposures arising from
practices.

Clean-up and release from regulatory control of a site is one of the sources of exposure for
which a dose constraint should be applied as for an authorized practice [13]. This dose
constraint should take into account multiple pathways of exposure and should not exceed
300 uSv in a year above background [6].

Before commissioning a new facility, therefore, the operator should ensure that a baseline
survey of the site, including obtaining information on radiological conditions, is performed
to define the levels of background radiation at the facility site. These levels will be further
used at the end of the practice as a basis for comparison with the levels used to release the
site. For existing facilities for which no such baseline survey was carried out in the past to
determine these background levels, data from analogous, undisturbed areas with similar
characteristics should be used for this purpose. These analogous areas should be areas that
have similar physical, chemical, radiological and biological characteristics to those of the
site considered for release, but they should not have been contaminated with radioactive
material as a result of activities at the site. Such areas are not limited to natural areas
undisturbed by human activities [6].

The applicable dose constraint for the public after the release of a site should be expected to
be no higher than that applied for the operational phase of the practice. However, the two

Avertable dose is the dose to be saved by a protective action; that is to say, the difference between the dose to be expected with
the protective action and that to be expected without it [9].
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phases do not necessarily share a common set of circumstances (in particular, they do not
necessarily have the same critical groups) on the basis of which to prescribe equality
between the dose constraints applied before the termination of a practice and those applied
afterwards [6].

In accordance with the Basic Safety Standards [13] and the recommendations of the
International Commission on Radiological Protection (ICRP), dose constraints should be
applied prospectively to exposure from radioactive residues expected to remain in human
habitats after the termination of a practice [48]. The site dose release criteria should thus be
based on an optimization of protection under this constraint, with account taken of the fact
that optimization below the order of 10 uSv in a year might not be warranted on radiological
protection grounds [6].

For the unrestricted use of a site, it should be ensured by means of the optimization of
protection that the effective dose to a member of a critical group is kept below the dose
constraint of 300 puSv in a year. For the restricted use of a site it should be ensured that, with
restrictions in place, the effective dose should not exceed the dose constraint of 300 uSv in a
year and that if the restrictions were to fail in the future the effective dose should not exceed
1 mSv in a year. The application of dose limitation to the unrestricted and restricted use of a
site is shown in Figure 2.4 [6].

Dose limit (1 mSv in a year)
Region for
release of a site
for restricted
use if the
restrictions fail

T Dose constraint (<300 uSv in a year)

Region of
optimization for
site release for Optimized site release dose Region of
restricted use - optimization for

. criteria : p
provided that unrestricted site
restrictions are in use
place l

Region where dose
=10 uSv in a year reduction measures
are unlikely to be
warranted

Figure 2.4 Constrained optimization and regions of effective dose for members of the critical
group in the release of sites

It is reasonable and appropriate to have different dose constraints for the release of sites than
for the clearance of material from regulatory control [6]. Clearance of material may take
place frequently over the lifetime of a practice, as well as at the termination stage. The
cleared material may enter into trade with a broad range of potential uses and therefore
should comply with clearance criteria, which are of the order of 10 uSv in a year. The dose
criteria for the release of land from regulatory control should be optimized and can be higher
than those for the clearance of material, because land remains in place and hence the degree
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of certainty about the potential uses of the land is higher than the degree of certainty
associated with the uses of material after its release from regulatory control. Thus it is
reasonable to allow a larger fraction of the individual dose limit for the release of sites (i.e.
the dose constraint (less than 300 puSv in a year)) than for the clearance of material (of the
order of 10 uSv or less in a year) [49].

As part of the decision making process for the release for unrestricted use of land and
associated buildings or structures, consideration should be given to the potential circulation
of material arising from any future modification of the buildings, including demolition after
release of the site. Material originating from a released site needs to comply with the national
requirements for radiation protection for material outside the scope of regulatory control.
The assessment of material originating from the site should be an integral part of the
optimization analysis for the clean-up process. Scenarios giving rise to exposure from sites
released for unrestricted use should be realistic and should consider the potential uses of the
material from the released site [6].

Uncertainties, such as those relating to the level of contamination and hidden buried
structures and waste, should be taken into account in determining the impact of the release of
the site. These uncertainties, together with the uncertainties associated with the future use of
the remaining buildings on the released site, should be considered in the optimization of
protection, with account taken of the level of confidence that is required for release of a site
from regulatory control [6].

If the site complies with the appropriate release criteria when a reasonable set of potential
future uses and their associated uncertainties have been considered, the site should be
released by the regulatory body for unrestricted use, which is the preferred option. The
decommissioning phase should then be terminated and the regulatory body does not need
further involvement beyond keeping records concerning the released site. If after clean-up of
the site it is demonstrated that the site meets the release criteria, it may still be released for
unrestricted use (see Figure 2.4) [6].

If after clean-up the site does not meet the release criteria, the site can be considered for
restricted use [6]. The restrictions should be designed and implemented to provide a
reasonable assurance of compliance with the dose constraints. The restrictions should serve
to exclude or prevent exposure pathways leading to effective doses higher than the dose
constraint; for example, if effective doses via food chain pathways could give rise to doses
above the dose constraint, institutional restrictions should be put in place to prevent future
use of the land for agricultural purposes. The release of sites for restricted use generally
requires ongoing institutional involvement and control to implement the necessary
restrictions. Existing regulatory limits on the time frames for institutional control should
therefore be taken into consideration in deciding whether it is appropriate and reasonable to
release a site for restricted use [48], [49].

Site characterisation

In addition to a historical site assessment, a site characterization survey may be performed to
collect current information and to validate the information provided in the historical site
assessment. The survey may provide information:

1. To determine the nature and extent of radiological contamination;

2. To identify receptors and provide input to pathway analysis and dose assessment or
risk assessment models;

To identify various options for the remediation;

4. To evaluate environmental, occupational and public health and safety issues during
remediation;
5. To evaluate and select remediation technologies;
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6. To classify and quantify potential wastes; and
7. To assist in the final survey design.

The characterization survey requires proper selection and calibration of instruments, proper
sampling and measurement techniques and recording of data. The survey should utilize all
types of techniques for collecting the necessary data properly. The design of the
characterization survey should be determined by the conditions on the site, the type and
extent of on-site contaminants and the available resources. The data should then be compiled
and assessed to allow decisions to be taken. The data from the characterization survey should
be used as input to models for assessing the individual doses expected to arise from the
contaminated environment.

The results of the characterization of the site and the evaluation of the possible remediation
options should be reported to the competent authority and to the stakeholders, and the review
of the evaluation should constitute a key step in the decision making process. Interested
parties should be involved in this process at an early stage before decisions are finalized.

A characterization report should be prepared and submitted to the competent authority as
part of the remediation plan.

Basic considerations about planning for remediation

When a decision has been taken to remediate a radioactively contaminated site and/or
groundwater, a remediation plan should be prepared. The first steps in developing this plan
should be to determine and evaluate possible remediation options. These options can range
from complete remediation and unrestricted release of the site to more limited remediation
with some subsequent uses of the site being restricted.

The degree of complexity of a given remediation process may vary depending on site
specific situations. However, there are several components of the remediation process that
should be considered essential for any site being considered for remediation.

Justification and optimisation of remedial measures

Interventions in the form of remedial measures should be intended to decrease existing and
potential annual exposures, by removing existing sources, modifying pathways or reducing
the number of exposed people. For contamination resulting from past activities and
accidents, the required level of remediation should be established on a site specific basis and
in accordance with the protection principles that apply to intervention situations. These
principles include the justification of remedial measures [Principle 1] and the selection of
the optimum measures among those justified [Principle 3]. In applying these two principles
to derive an optimized option for protection, all relevant advantages and disadvantages
should be taken into account. These include avertable doses (individual and collective),
radiological and non-radiological risks, environmental effects, risks to the workers
implementing the remedial measures, but also economic costs, improvement of the economic
situation, the generation of secondary waste, as well as increased or reduced anxiety on the
part of interested parties and social disruption arising during and after the implementation of
the remedial measures.

Justification of remedial measures

The remedial measures shall be justified by means of a decision aiding process requiring a
positive balance of all relevant attributes relating to the contamination [Principle 1]. The
justification principle should be implemented by means of an assessment of the overall
radiological impacts from the contaminated sites, identification of options for reducing these
impacts, evaluation of the reductions achievable in doses and in other harmful impacts and
assessment of the harm and costs associated with these remediation options. Decisions taken
on this basis should involve balancing benefits from the reductions in impacts and costs and
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other factors of influence. An informed decision should be taken on the basis of a full
integration of all the advantageous and disadvantageous attributes for society resulting from
the proposed remediation options.

Situations giving rise to potential exposures as well as actual exposures should be considered
during the assessment.

Optimisation of remedial measures

The remedial measures should be optimized following the general approach to the
optimization of protection in the context of practices [Principle 1]. The optimum nature,
scale and duration of the remedial measures should be selected from a set of justified options
for remediation. The aim should be to obtain not only a positive benefit but also optimized
protection. The decision aiding techniques for deciding on the optimum remediation option
are independent of the nature of the situation causing the exposure. Normally, there would be
a range of justified remediation options for which the net benefit would be positive.

Some remediation options could involve restrictions on the use of the site, even when the
remediation end criteria have been met. Such an option would, however, require institutional
control as long as the restrictions are deemed necessary. Options that lead to unrestricted
release of the site after the remediation criteria have been met have the additional benefit of
not requiring institutional control or other regulatory burdens, and so should be favoured.
However, site specific features such as topography, size of the site and lack of waste
management facilities might limit the feasibility of a remediation option that leads to
unrestricted release.

In some circumstances, remediation may be required to protect the present population and
may be justified on the basis of attributable health effects among people in future
generations. While in most cases the cost of remediation, in terms of aspects such as
disruption and inconvenience, will be borne by the present population, remedial measures
taken to protect the present generation should be designed in such a way that predicted
impacts on the health of future generations will not be greater than the levels of impact that
are acceptable today.

When the performance and costs of all remediation options have been assessed, a
comparison should be performed to determine the optimum option. If this optimum is not
obvious, the comparison should be performed using a quantitative decision aiding technique.
The result of the application of quantitative techniques is termed the analytical solution. If, in
addition, there are non-quantifiable, non-radiological factors to be taken into account, the
analytical solution may not be the optimum solution. These qualitative factors should be
combined with the analytical solution to determine a true optimum solution, after
consultation with interested parties.

The optimization of remedial measures should result in reference levels expressed in terms
of a residual activity concentration or dose criteria for the remediated site.

Remedial measures may remove all of the contamination, or remove only part of it, or may
only alter the exposure pathways or the number of people exposed without removing the
contamination itself. Depending on the expected residual dose, which can be derived from
the expected effectiveness of the proposed remedial measures, associated restrictions should
be defined as part of the remediation option, if necessary. The residual dose, as well as the
advantages and disadvantages of the associated restrictions, should be integrated into the
optimization process. If the option includes on-site disposal of radioactive waste, the
resulting exposure from this disposal option should also be taken into account.

Owing to time or resource constraints, general sources of information or default parameters
may have to be used for modelling calculations. Sensitivity analyses should be performed
within the optimization procedure to assist in determining when and where generic input
parameters should be replaced by site specific values.
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2.23.6

Remediation plan

A remediation plan showing that remediation can be accomplished safely should be prepared
for each contaminated site, unless otherwise required by a competent authority. The
remediation plan should be subject to the approval of the competent authority prior to its
implementation.

The remediation plan and associated monitoring requirements should be designed and
implemented so as to identify possible adverse health and environmental effects of the
contaminants and to optimize protection [Principle 1]. These considerations apply to the
workers performing the remediation, to the public and to the environment.

To achieve the objectives of remediation, decisions should be taken concerning the schedule
and sequence of the remediation activities; operational quantities (e.g., instrument readings
corresponding to the reference levels); the criteria for the termination of remedial actions;
and post-remediation conditions with regard to access to or use of the area.

The criteria for deciding whether to terminate remedial actions should be clearly stated so
that remediation is not unnecessarily continued beyond the point at which it is justified and
optimized [Principle 1]. As an integral part of any successful remediation there should be a
clear understanding by the interested parties of the remediation end criteria.

Provisions for the post-remediation state should be addressed in the remediation plan. As
remediation progresses, the plan should be updated to reflect any changes or provisions
relating to the conduct and progress of the remediation.

The process of designing a remediation strategy should take advantage of lessons learned
from similar remediation projects that have been completed in the past. These lessons
learned provide both positive and cautionary advice. In effect, information on the failure of a
particular method of remediation in certain circumstances may help to narrow the choice of
feasible remediation strategies when planning new remedial actions.

The waste streams resulting from the remediation should be identified early in the planning
process. The quantity and types of waste that will be generated should be considered during
the planning to ensure that the waste management system will be capable of accommodating
this waste.

Radiological surveys

Several types of survey, with different objectives, may be necessary during the remediation
process, e.g., detailed site characterization surveys, surveys during remedial operations and
surveys to confirm that the objectives of the remediation have been achieved. The types and
frequency of each survey should be discussed in the remediation plan. Provision should be
made to allow changes in the type and frequency of surveys if situations arise that might lead
to a change in radiological conditions.

Dose assessment

A key parameter in any decision making process for selecting the appropriate remedial
measures is the distribution of individual doses to the population affected by the radioactive
residues on the site. The ingestion of contaminated foodstuffs or the inhalation of
contaminated dust is often a major exposure pathway, and sometimes the associated doses
cannot be measured. In such cases the doses should be estimated on the basis of model
calculations, with input from the radiological monitoring programme and with realistic
scenarios.

The calculation of projected doses requires modelling of the various exposure pathways from
an environmental contaminant to people. In general, the models used should be as realistic as
is appropriate for making dose projections. Incorporating excessive conservatism can result

in operational quantities being impractical or impossible to measure, or in remediation that is
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more costly than necessary. The models should readily be able to address all relevant
exposure pathways. They should readily be able to use site specific data, and they should be
tested or validated. Particular attention should be paid to matching the assumptions of the
model to the circumstances under consideration.

Safety and environmental assessments

Both the radiological and non-radiological hazards involved in the various proposed
remedial actions should be identified in safety and environmental assessments. They should
include release criteria for the end point, dose predictions and risk assessments for each
proposed activity associated with the remediation. The impact on the public and the
environment of possible accidents or emergencies associated with the remediation should
also be considered. The safety and environmental assessments should detail the protective
measures that will be taken to ensure the safety of workers and the public and protection of
the environment.

Specific consideration should be given to activities associated with waste management and
their possible effects on neighbouring States.

Practical implementation of the management and selection of remedial actions

A general approach for the management and selection of remedial options for radioactively
contaminated sites and/or groundwater should consist of a phased strategy to allow for the
most cost effective and environmentally sound remedial approach [Principle 1]. It should
also allow that the decisions and choices made during the management and selection process
may be clearly seen and examined. This is an essential part of the process, and it can be
particularly important, for example, when communicating with affected parties (e.g.,
members of the public) and competent authorities [9].

The initial discovery of radioactive contamination on a site or in the groundwater system and
the decision to begin site investigation can result from various factors. For example, a site
operator may become aware that the groundwater is contaminated and then must decide what
action should be taken to prevent it from leaving the site boundary. Another possibility is
that the problem may be discovered through epidemiological studies identifying health
problems arising from the utilization of contaminated groundwater. In the former case, there
might be ample time to plan a complex strategy, whereas in the second case immediate
action would obviously be required. In situations where immediate action is indicated, e.g.,
to prevent health risks, it should be stressed that hasty decisions regarding remediation may
not always be most appropriate. A more satisfactory approach might be to alleviate the
health risk by institutional control, e.g., providing alternative water supplies; this would then
allow time for a more structured approach to making decisions regarding the remedial action.

A phased approach can be particularly useful to allow for the most cost effective and
environmentally sound disposition of a contaminated site. The phased approach would
generally consist of the following elements:

- Assessment of the existing information and data (scoping analysis);
- Initial planning and decision making to consider what further action is required;
- Selection of the site characterization or monitoring requirements;

- Assessment of remediation technologies for appropriate application to the problems at
hand; and

- Selection of the remediation strategy to be employed.
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Preliminary or scoping analysis on existing data

The logical approach to assessing a contaminated site is to identify the source, the hydro-
geologic setting, and the potential receptors, i.e., the affected population, by:

- Compiling, reviewing and analysing existing data and information;
- Identifying the contamination and its source;
- Describing the hydro-geological system, developing a useful conceptual model; and

- Identifying the potential affected population and their points of contact with the
contaminated site and/or groundwater.

This should be based on site history, background information, previous investigations,
known and suspected sources of contamination, processes used which generated the waste,
routes of migration, and potential human and environmental receptors.

The history and background of the site should be evaluated to determine if any previous
activities took place that could potentially impact decisions to be taken concerning
characterization or remediation of the site. Such considerations could include previous
industrial, commercial, agricultural or military uses.

A literature search or interviews with persons with historical knowledge should be
performed to acquire a knowledge base on how the site became contaminated, the period of
time which the contamination was released to the environment, release mechanisms, the
types and quantities of contamination, and so on.

The existing geologic and hydrologic data for the site should be evaluated to help determine
the fate and transport of the contaminants. Information regarding geologic formations and
hydrologic parameters may be obtained through the description of sediment samples
collected during drilling of production wells, irrigation wells or any other soil borings that
may have taken place at the site. The quality assurance of data collected in this manner may
be suspect and therefore conclusions based on the data should be treated with caution.

At this stage, some modelling may take place. The complexity of the modelling should
reflect the quality and the quantity of site data available. This modelling may include
groundwater. As a first pass, relatively simple calculations of radiation dose and risk to
individuals and populations may be made using assumptions that are conservative, resulting
in estimates for dose and risk that are maximums.

Early decisions regarding further action

After all or most of the existing data and information on the contaminated site have been
collected and analysed, further action should be defined. The alternatives to be considered
may include: (1) no further action required; (2) no further action required other than to
further monitor the contaminant plume; (3) more data are needed to make a decision; or (4) a
remedial action should be undertaken.

- No further action needed: A decision of no further action can be made if it is
determined that there is no contamination or that the extent of the contamination is
below an acceptable risk level and below the regulatory requirements of concentration
or radiological dose.

- Further monitoring of contaminant plume is required: Although no further action
(e.g., remedial action) may be required, it might still be necessary or advisable to
continue to monitor the site to ensure that the initial assessment of the situation is
correct, for example, when it appears that natural processes such as dispersion and
radioactive decay would result in the contamination having no significant impact on
the receptors, i.e., the affected population. Continued monitoring would allow the
assumptions regarding movement of the groundwater contaminant to be routinely

45



2243

2244

2.2.45

checked. In addition, continued monitoring could provide comforting reassurance to
affected parties such as the local population.

- Insufficient data exist to make a decision: Following the assessment of existing data
and information, it could be decided that there are insufficient data to make an
informed decision regarding the possibility or advisability of remedial action. Under
such circumstances, it is common that a site characterization programme be
implemented to fill the identified gaps in information and data. If there is a decision to
collect additional data, the data collection objectives should be clearly identified and
used in designing the site characterization programme.

- Remedial action is required: In some cases, there will be sufficient data and
information regarding a site and the groundwater contamination problem to conclude
that remedial action is required. In such a case, the strategy will advance to the
technologies evaluation and remedial design phases.

Public involvement

A factor to be considered when evaluating technologies or screening for remedial
alternatives is involvement by affected parties and the general public [Principle 2]. The
public's perception of risk due to radiation exposure may be substantial enough to warrant a
more stringent remedial goal for a contaminant in groundwater. It is important to involve the
public and all affected parties in the decision making process as indicated in Section 2.3,
Stakeholder involvement, of this document.

Establishment of remediation goals

Preliminary remediation goals are normally site specific. The initial remediation objectives
should be established on the basis of the nature and the extent of the contamination, the
water resources that are currently or potentially threatened, and the potential for human and
environmental exposure. These quantitative goals should define the extent of clean-up that is
required to satisfy the established objectives. They include the required clean-up levels and
the restoration time frame. Clean-up levels of contaminants are typically based on either
drinking water standards or on excess lifetime cancer risk levels.

Past practices have used extremely conservative scenarios for determining the risks of
ionizing radiation to human health. As a result, remedial activities have been extremely
costly. Recently, using more realistic risk scenarios appears to becoming acceptable. In some
cases, remediation has been avoided, with only the cost of monitoring remaining. This
strategy has reduced the cost while continuing to adequately protect human health [Principle
1]. It is recommended that when selecting and analysing the risk scenarios, the expected land
use, the impacts on affected parties and the environment, and the future groundwater needs
should all be evaluated. A realistic scenario can then be developed which would allow for a
more cost effective remediation while still ensuring the safety of the public. Obviously, the
effectiveness and reliability of institutional controls may affect these decisions.

Risk assessment methods may be used, coupled with regulatory requirements, to determine
achievable goals. The beneficial use of an aquifer must also be considered. Water which
does not meet the required standards for domestic use may still be useful for agricultural or
industrial purposes.

The potential effects on environmental receptors such as plant and animal species at or near
the site may also affect the remediation goals.

Site characterisation
Site characterisation activities should take place if more data are needed to evaluate risks

associated with the contaminated site or to understand the parameters necessary for selecting
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an appropriate remedial technology. Data collection objectives should be selected with an
understanding of the associated uncertainties.

If necessary, a site specific data collection strategy should be organized to provide sufficient
data to formulate a conceptual model of the contaminated site. The data collection activities
should focus on understanding of:

- The source term;

- The geology (i.e. formations, grain size, plasticity, moisture content, density,
mineralogy);

- The hydrogeology, aquifer properties;

- The geochemistry;

- The nature and the extent of the contaminant plume; and
- The exposure pathways.

In characterising contaminated sites, inherent uncertainties may be encountered. Many of
these uncertainties arise from the necessity of characterising the heterogeneity of the aquifer
with a limited number of sample points. Aquifer heterogeneity should be considered when
developing a strategy for site characterisation.

Aquifer system uncertainties may be identified and addressed using the preliminary site
conceptual model to identify the remedial strategy with the highest probability of success. At
this stage of the decision making process, the probability of success is based on the “most
probable site conditions.” Acknowledging that site conditions have inherent uncertainties,
reasonable variations from the “most probable conditions” are identified early, and
contingency remedial action strategy alternatives are not ruled out.

To better plan the site characterisation activities, a sensitivity analysis is often used for
defining the importance of the parameter input to predicted costs and remedial action
performance. Data worthiness (e.g., adequacy or worth) evaluations are also becoming more
popular for decision makers in their understanding of the relationship between uncertainty
and sensitively of site conditions, and remedial costs and performance. The observational
method is an effective and economical means to manage uncertainties associated with
remediating contaminated groundwater.

Using the Data Quality Objectives Process will help to ensure that when data collection has
been completed it will have accomplished two goals:

- Provided sufficient data to make the required decisions within a reasonable
uncertainty;

- Collected only the minimum amount of necessary data.

The Data Quality Objectives Process embodies both of these two main goals and it is
difficult to separate which is the more important or which drives the other. For example, the
Data Quality Objectives Process will strive to provide the least expensive data collection
scheme, but not at the price of providing answers that have too much uncertainty.

Data Quality Objectives are intended to ensure that the data generated during site
characterisation activities are adequate to support management decisions. A clear definition
of the objectives and the method by which decisions will be taken must be established early
in the scoping process. Data Quality Objectives are determined based on the end uses of the
data to be collected. The level of detail and data quality needed will vary based on the
intended use of the data. Data Quality Objectives should be reviewed throughout the
characterisation activity and adjusted based on new available information as appropriate.

All of the data collected during the scoping and characterisation phases of the project should
be analysed with the results formally documented. This activity should be co-ordinated with
the risk assessment and modelling personnel to provide for a more efficient use of the data.
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All decisions should be documented with an explanation of the logic used to arrive at the
given conclusion. This includes decisions made as a result of scoping, establishment of
preliminary remediation goals, data collection objectives, data quality objectives and
screening, and the selection of remediation technologies.

Development and screening alternatives

Guiding principles for developing alternatives include, among others, technical
practicability, cost/benefit analysis, and schedule for implementing and completing the
remedial action.

The nature of the source, the size of the plume, and the transmissivity of the aquifer also will
directly affect the effectiveness of the remediation whether it be an in-situ or ex-situ
treatment. Most groundwater technologies currently available are expensive to implement
and take long periods of time to complete. Continued research is ongoing world wide to
develop new techniques for in situ and ex situ remediation. A general list and description of
these technologies can be found in Section 4, Environmental remediation of radioactively
contaminated sites, of this document. Care should be taken to evaluate the success or failure
of the technologies which have been developed and to compare the site specific
characteristics against the test site to determine the viability at a particular site. Critical
parameters of the technology being evaluated should be identified for comparing the
viability of success at the site. For example, a technology may work quite well at a site with
alluvial sands, but not at all at a site with fractured rock.

Based on the analysis performed on the site characterisation data, a list of alternatives and
technologies may be compiled. A screening process should determine if an active
remediation is required or if a passive alternative (institutional controls, no action,
monitoring, etc.) is desired. If an active remediation option is chosen, a detailed analysis of
the technologies should be performed.

Institutional controls

Institutional controls may be implemented to reduce or eliminate potential impact of
exposure to human health. The following kinds of institutional controls have been
established and may be considered to prevent exposure to contaminated sites and/or
groundwater:

- Regulatory restrictions on construction and use of private water wells, such as well
construction permits and water quality certifications;

- Acquisition of property by the government from private entities;

- Exercise of regulatory and police powers by governments, such as zoning and
1ssuance of administrative orders;

- Restrictions on property transactions, including negative covenants and easements;
- Non-enforceable controls, such as well use advisories and deed notices;
- Relocation of affected populations (in extreme cases).

The effectiveness and reliability of these controls should be evaluated when determining
whether rapid remediation is warranted. If there is adequate certainty that institutional
controls will be effective and reliable, there is more flexibility to select a response action that
has a longer restoration time frame or a determination that no remedial action is required.

Analysis and design of preferred alternatives
During the detailed analysis, remedial alternatives that have been retained from the

alternative development phase should be analysed against a number of evaluation criteria.
The purpose of the detailed analysis should be to compare alternatives so that the remedy
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that offers the most favourable balance among a set of criteria can be selected [Principle 1].
The analysis of a remedial action for contaminated sites and/or groundwater may be made on
the basis of the following evaluation criteria:

- Overall protection of human health and the environment;
- Compliance with applicable regulations;

- Long-term effectiveness and permanence;

- Reduction of toxicity, mobility, or volume;

- Short term effectiveness;

- Implement ability;

- Cost;

- Community or government acceptance;

- Final disposal of residues.

Other criteria may also be established based on site specific conditions. A discussion and
summary table should be prepared for each part of the detailed analysis to provide a
historical paper documenting the decision process.

Implementation action and performance assessment

Based on monitoring data, performance evaluations of the remedial action should be
conducted periodically to compare actual performance to expected performance. The
performance monitoring should be designed to provide information such as:

- Horizontal and vertical extent of the plume and contaminant concentration gradients,
including a mass balance calculation;

- Rate and direction of contaminant migration;
- Changes in contaminant concentrations or distribution over time;

- Rates of contaminant mass removal and transition from advective removal to diffusion
rate limited removal;

- Effects of hydrological events, such as above average rainfall, on contaminant mass
removal and changes to groundwater flow;

- Calibration of model based on actual results and effects of changes of operational
parameters to model predictions;

- Effects on regional groundwater levels and the resulting impacts;
- Effects of reducing or limiting surface recharge (if applicable);

- Effects of re-injection (if applicable);

- Effects of any modifications to the original remedial action; and

- Other environmental effects of remedial action, such as saltwater intrusion, land
subsidence, and effects on wetlands or other sensitive habitats.

The frequency and duration of the performance evaluations should be determined by site
specific conditions. Conducting performance evaluations and modifying remedial actions is
part of a flexible approach to attaining the remedial action goals. Decisions should be
verified or modified during remediation to improve a remedy's performance and ensure
protection of human health and the environment.

The performance assessment may provide information that can be used to determine whether
the remediation goals are being met, have been achieved or, in some cases, are technically
impracticable to achieve in a reasonable time.
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2.3.3.1

Stakeholder involvement
The purpose of stakeholder involvement

The aim of stakeholder involvement in the management of radioactively contaminated sites
and/or groundwater is to ensure effective external participation, whether required by the
regulatory framework or included in the organisational policy, in order to improve the
decision-making process, to develop approaches that can be implemented with community
support, to improve transparency, to build trust and to take better decisions [Principle 2] [1].
Stakeholder involvement is also important to risk management and it can prevent, resolve or
help to manage problems caused by external opposition to projects. Where something has
gone wrong, systematic involvement can re-establish effective communication and help to
resolve difficulties. Not all conflicts may be prevented or resolved and disagreement may
remain on some principles, but it should enable co-operation and mitigating the sources of
particular dispute.

It is considered that not all stakeholders have to be involved in all decision-making steps for
each radioactively contaminated land and/or groundwater issue on every site. In case of
doubt, stakeholder involvement should be included, but the level of consultation and
involvement should be proportionate to the technical and societal significance of the
decision. The aim should be to strive for consensus support within the community, and
therefore account should be taken of the local community’s perception of the need for
involvement. This means, there is a need for building trust.

The importance of trust

Contributions of external participation should be objectively considered and there should be
a genuine willingness to take a different course of action if new information or insights are
provided. Involvement coming after the options have effectively been narrowed down to
one, will be seen as a closed process, as a means of legitimising a prior decision, and at best,
there will be no ownership.

Community involvement programmes are unlikely to be effective unless first a degree of
trust can be established. Relationships with stakeholders and the public have to be built up
over time. It can not be expected that the trust and the credibility required for a successful
consultation can be established quickly, especially where a project is contentious and the
debate polarised from the start.

Acceptable motives, realistic strategies and effective regulation are prerequisites for building
trust, but the most important factor may be openness, in the context of a community
involvement programme including: admitting mistakes, acknowledging uncertainty, and
giving people the full picture.

Reliability is another important contributor to trust, meaning that the legal entity should also
be efficient and competent so that its promises mean something. Poor reliability can easily
grow into a more general lack of trust.

Communication with stakeholders about risk
The perception of risk

Differences may exist between the way communities and engineers think about risk,
resulting in communications between the two groups sometimes being rather difficult.
Experiences have shown hat ‘top-down’ risk communication is unlikely to resolve
environmental risk controversies. As a result, risk communication and policy practice have
moved towards a two-way dialogue between the ‘community’ and ‘experts’.

Despite for example the tendency to consider widely-reported events to be more likely than
they really are, or other biases that have impact on the perception of risk, the ability of the
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general public to rank frequency of death from hazards is often not unrealistic. However, the
perception of the general public diverges from ‘scientific’ risk assessment in that they factor
in ‘quality’ of hazard, e.g., thread, familiarity and catastrophic potential. Different forms of
death and disease are not feared equally.

Further, the general public’s understanding of a risk should not be confused with the general
public’s acceptance of the risk. The level of acceptable risk is a matter of values and
opinions. Any evaluation of options should therefore explicitly incorporate underlying values
and social factors such as fairness and the balance of benefit and risk. Steps that result in a
fair and more voluntary distribution of risk will be helpful.

The feeling that the measures have been implemented that can sensibly be taken to reduce
the risk, and that effective monitoring and emergency response arrangements have been
installed, is important to acceptability. Communities also tend to look for independent
monitoring and open reporting of results, in addition to other indications that adverse
findings will not be concealed, so that action will be taken if things do not turn out as
predicted. Moreover, communities look for a design that allows for a change of plan if the
unexpected happens, and the potential for effective countermeasures on the occurrence of a
failure.

Motivation is very important, and the corporate values of the organisation(s) involved will
make a difference. It is important to identify who will benefit from a project and whether this
benefit is ‘deserved’.

Any stakeholder programme has to deal with these risk perception and acceptability factors
in an open and straightforward way if participants are expected to see it as addressing their
concerns, which must never be considered as ‘unscientific’.

Credibility

The credibility of a person talking about risk not only depends on the person’s technical
competence. It is also strongly influenced by the commitment shown to stakeholder
involvement, whether the concerns being expressed are understood and considered with
sympathy, and whether the person acts in an open, honest and direct manner.

Independence and objectivity are important considerations as well. Information from
‘biased’ sources will tend to be distrusted, particularly where the motives of the
organisation(s) involved are primarily commercial or political. Highest appreciation will be
given to information that is clearly neutral and addresses all sides of the arguments. An
independent peer review of the important subjective judgements supporting the analysis may
be necessary to underpin a comparison of the options for a controversial project.

Linking issues

The public rarely sees decisions as independent of a wider context. Decisions that are part of
a wider programme, such as site restoration, are perceived as being linked, and if the wider
picture can not be seen, the public will likely feel mistrust and/or frustration. An
involvement process will be successful only if the participants fully understand the context,
for example, how a decision on one element of a wider plan fits together with decisions on
other elements and on the overall framework. Participants need to be informed if proposals
may be overturned or modified at a later stage or if other bodies might initiate a separate
consultation (e.g., regulators). Communities link issues and decisions that seem separate to
industry and regulators. Communities also see little distinction between a policy and its
implementation.

Members of the public usually wish to express their views on the overall merits of a project
and of alternatives. They are rarely in a position to make much contribution on the technical
development of the proposal. However, a programme that aims to involve members of the
public by allowing them to comment only on technical details will create frustration.
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Frequently, members of the public want to be heard on matters of their concern that may be
outside the formal scope of the consultation process and even outside the scope of the project
team’s decision making. Exclusion and abrupt rejection of comments as ‘outside the scope of
what is to be discussed’ is liable to provoke angry reactions. Therefore, some flexibility is
required, and mechanisms are needed for passing on such comments and obtaining a
response.

In general, for environmental debates representing conflicts over competing social values as
well as disagreements over scientific and economic data, the public and wider stakeholder
community may provide a social peer review function. This may be compared to a technical
peer review but represents different sorts of processes and require different, perhaps parallel,
approaches.

In addition, there is the challenge of integrating the technical, the social and the local
democratic inputs. Unless the decision-making process is tailored to accommodate all three
types of input and is agreed before the process starts, the hard-won social input from the
general public may simply be put to one side.

Planning and implementation of stakeholder involvement programme

In planning and implementing a typical stakeholder involvement programme key stages may
be defined as outlined below. However, each programme may be unique and may need to be
tailored for its purpose and audience. In general, the larger the scope and the reach, the better
defined and more formal the stages will have to be. In smaller consultations they may be
implicit or merged together, but even in these cases it will usually not be adequate to rely on
written consultation alone.

Organisations involved must be clear and honest with themselves and with the prospective
participants about the reasons for being involved, freely offering opportunities for
involvement but focussing on getting active and representative participation at key points.
They should not push for a ‘broad involvement” simply from the principle point of view, or
design stakeholder programmes with a very broad scope as it is not clear what type of
process is really needed.

Early consultation is often the key to the success of an initiative, and to securing co-
operation. Omitting it may cause delays and more expenses in a later phase. Usually, it is the
objective to identify and involve the key players early, build trust and improve understanding
of potential priorities and needs of the participants, thereby helping to design a more
effective consultation programme and encouraging participation. A key aim is to ensure that
there are no surprises for either key stakeholders or the organisation(s) involved once the
project enters the public domain.

It is important that the agenda for early consultation is not too circumscribed, so that
interested participants can have part in developing it. It is helpful to let interested participants
know the likely timing, and any later changes to it, of different forms of consultation as early
as possible.

Attention should be given to reliance solely for local representation. Part of the trust problem
may be that participants can be regarded locally as having been enrolled, through long
participation, into views overly sympathetic to the organisation(s) involved.

The key stages in planning and implementing a typical stakeholder involvement programme
may be:

1. Scoping — what is the scope and the purpose; how does it fit with wider decision-
making and other initiatives; which stakeholders should be involved and what are their
particular needs and potential contributions.

2. Programming — what mix of activities is required; how should the programme be
promoted; what documentation needs to be prepared; who should be allocated to the
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programme project team; what resources and training do they need; are internal
workshops required first; how will the programme be evaluated.

3. Planning — inform the community of proposals; review the scope and the design of the
programme with some of those likely to be involved; test examples of any
promotional and information material; failing to show willing to inform and recruit as
widely as possible may compromise all the subsequent steps.

4, Promoting — launch the programme; if required, make media announcements; inform
internal and external stakeholders; encourage and facilitate involvement by individuals
and groups in the community; start a stakeholder registration database; set out details
of access to information and any outreach events.

5. Informing — disseminate and make available key documents; organise poster displays,
site visits, presentations to community groups, as required; if deemed necessary, set up
library for participants, web site with supporting information, telephone help lines.

6. Consultation — consult interested stakeholders; provide various means to comment;
acknowledge and record comments; consider interactive outreach activities such as
public meetings and ‘surgeries’, and use of surveys or questionnaires to canvas
opinions.

7. Participation — hold meetings with stakeholders; answer questions; provide
background information; consider facilitated events such as meetings, workshops and
focus groups to explore specific issues in more depth; consider joint problem solving
and group decision making methodologies or deliberative methods such as citizens’
juries; discuss proposed events with potential participants.

8. Extended participation — if necessary, involve community liaison groups; consider
possibilities for joint working parties and ‘neutral’ data gathering or monitoring.

9. Compiling input to decision — assess comments and outputs from participative events;
seek further clarification or new analysis as necessary; document the process.

10.  Providing feedback — provide feedback to participants on comments received and how
they were taken into account, decision made, next steps etc.; inform stakeholders not
directly involved in this specific programme.

11.  Evaluation — seek the views of participants; incorporate the lessons in internal
guidelines; feedback to stakeholders.

The selection of stakeholders

Stakeholders may be constituencies, organised groups or individuals with direct or indirect
interest in the decision. This may be, for example, because they are potentially affected,
because they have a view on what the outcome ought to be, or perhaps because they are
representative in some way of a wider constituency.

The focus will mainly be on the local community, but other types of stakeholders also need
to be involved if the external input to decision-making is not to be dominated by one
perspective or set of interests. Stakeholders are much less likely to respond constructively in
future if they feel unfairly excluded.

Internal or external stakeholders that have a reasonable degree of commonality of interest
with the organisation involved are the most obvious category of stakeholder, and are
sometimes referred to as ‘true stakeholders’. However, there are other classes of stakeholder
that are affected by the decisions an organisation takes or that have a strong view on its
conduct, even if their interests are very different.

Organisations require a ‘licence to operate’ from a wider range of stakeholders. This is
obvious in the case of regulators, where authority has been delegated by society. The right of
shareholders to regulate the direction of a business is also readily appreciated. In practice,
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organisations find that their ‘licence to operate’ can also be compromised or even withdrawn
because they have lost the consent of the local community in which they operate, or they
have lost the confidence of politicians and financiers.

Campaign groups often see themselves as having a ‘license to operate’ or watchdog role, but
they are also often significant as opinion formers able to influence other stakeholders.
Failure to inform a local community of the existence of other groups with experience of
similar issues may undermine trust and may result in a waste of time later on. The media are
sometimes considered to be stakeholders, but are more often considered separately with
other opinion formers, on the basis that there is usually no strong commonality of interest.
They may have considerable influence on other stakeholders, however, and may also be seen
in turn as an indicator of a broader, unobserved, public mood.

A community cannot be treated as a single entity. Relationships between the site and the
community are complex and all the different types of stakeholder described above are
contained within it. The people who live around the site and the community groups, and
local authorities that speak for them, have a wide range of inter-relationships and
perspectives. In reality, there is no such a thing as ‘the community view’ and this has to be
born in mind.

In practice, the stakeholders and stakeholder groups who should be considered include those
whose support for the project will help it go ahead smoothly and those whose opposition will
delay the project, obstruct it, or reduce its viability. The starting point is normally those who
may be, or would think they may be, affected by the project, their representatives and local
liaison groups. Beyond that, programmes may look to include people and groups influential
in the area, those with an interest in a particular outcome and also stakeholders that have
been involved in the issue in the past.

The full range of stakeholders does not need to be involved in every part of the project. The
scale of involvement generally reflects the nature and the extent of the perceived potential
impact, and the project's importance as a precedent. The presumption in case of doubt should
be for inclusion, but the level of consultation and involvement should be proportionate to the
technical and societal significance of the decision. Strategies need to be capable of
commanding consensus support within the community, and therefore should also be
proportionate to the local community’s perception of the need for involvement.

Where there is significant potential off-site impact or interest in a contaminated land
management decision, the views of a wider range of external stakeholders should always be
sought before a preferred option is selected and submitted for regulatory approval. The
emphasis for smaller projects may be on information provision and consultation may be
limited to the local community. There will also be contamination issues that have little or no
significance for stakeholders and where quick action is a priority, for instance clean-up of a
small spillage. It may then be appropriate simply to include it in routine reports to local
community groups.

In general, the degree to which external stakeholders are brought into the process and the
balance between local, regional and national involvement depends on the potential impact
and significance of the project.

An important issue in some projects will be the transport of radioactive wastes. This is likely
to prove an emotive topic and accordingly needs to be handled with great care. Communities
along the proposed transport route may need to be informed and invited to participate. Some
would go further, and say that they should always be invited. Certainly, communities at the
‘receiving end’ should be involved if there is any significant change to existing
arrangements.

The involvement of the community

People and organisations in the community need to be quite strongly motivated to participate
in consultation or decision making. It takes a great deal of time and effort - often unpaid -
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and it can be an intimidating experience for non-technical members of the community.
Successful involvement programmes are those that are ‘stakeholder friendly’, designed to
improve the benefits people get from participation and lower the barriers to involvement.
The relevance of the programme to them personally is explained. They feel that they have
something useful to contribute, and that their involvement has the potential to affect the
course of the decision-making process in a meaningful way.

Consultation on safety, environment and the introduction of new technology has tended to be
dominated by institutional stakeholders and pressure groups. Such participants are usually
equipped to provide technical comment at a level the organisation(s) involved in the
programme will find useful, and they understand the decision-making and regulatory
process.

In contrast, members of the public usually wish to express their views on the overall merits
of a project or course of action, but only rarely they can make much contribution to the
technical debate unless local issues are involved. However, organisation(s) involved are
nowadays increasingly carrying out broad-based public consultation and making more effort
to reach ‘ordinary people’ and factor their views into the decision. Lay members of the
public are also capable of making reasoned and reasonable contributions and their
involvement is often particularly important in contaminated land projects. Members of the
public also increasingly feel that they have a right to information and to be consulted on a
wide variety of issues. One consequence of the growing recognition of the benefits and
importance of consulting the general public is the wide variety of approaches and facilitated
workshop techniques that have been developed specially for this purpose. Only those with
strong prior views tend to respond readily to opportunities for participation, so active
measures generally need to be taken to recruit a more representative cross-section.

Where there is less experience of involvement, there may need to be an initial capacity-
building stage to strengthen and provide resources to community institutions to allow them
to participate fully. If people are being asked to participate in decision-making, time may
need to be spent to inform them about the issues, ideally using briefings from a ‘neutral’
source.

Table 2.2 Issues in making involvement programmes stakeholder friendly

Issue Comments

Competing demands Participating properly takes time and commitment, and there are
many competing demands. Participation should be made as easy
as possible.

Access Access to consultation documents and outreach events should be
carefully considered.

Time Sufficient time within the programme should be allowed for
participants to prepare for events and to read and comment on
documents.

Awareness People have to be aware of the programme to participate.

Informing and encouraging people through a co-ordinated
promotion campaign should be considered.

Information A range of information should be presented, taking account of the
format and level of detail required by different participants.

Public speaking The stress of speaking in a meeting may deter many from
participating. Surgeries and exhibitions are more flexible and less
intimidatory.

Access to the Internet  |Internet gives people access to a wide range of information and
opinions from all sides of the argument. As not everybody has
access to the Internet, a web site on its own is not enough.

55



2.3.7

2.3.8

2.3.8.1

Long-term community liaison groups exist for several nuclear sites and are an obvious
channel for communication. They can play a key role in helping to define the scope of the
community involvement programme and the documentation package and to drive the
information agenda more actively than if there were no community focus. Where there is no
such group, it may be necessary to set-up one. This may best be done well in advance, to
give time to build up trust between the group and the site management, and between the
group and the wider community.

As indicated before, there is always the potential for conflict between the role of local
elected representatives and other groups who may be perceived as speaking for the
community. Therefore, more than one local stakeholder group may need to be recognised,
but these issues need to be dealt with sensitively.

Issues in making involvement programmes stakeholder friendly are given in Table 2.2.
The involvement of campaign and community groups

The participation of campaign groups may be important to an effective and credible
programme for both practical and democratic reasons:

- They can help develop the format of a stakeholder involvement programme on the
basis of their experience, and provide feedback during it.

- Some pressure groups can provide critical scrutiny of documentation and make a
technical contribution to participatory decision making.

- Consultation with pressure groups may give their supporters, who may include part of
the people taking active interest in the project, an organised channel for expressing
their views.

- It is fair to assume that pressure groups represent their membership directly, but not
the general public. However, they are one channel by which evidence of public
opinion might be communicated.

Different groups may have different approaches, may make different judgements on the
same information, and may have very different long-term agendas. As far as possible,
consultations should be co-ordinated to keep the demands on participating stakeholders to a
reasonable level.

Where subject matter and/or the documentation is complex, where there is only little
authoritative third party analysis in the public domain, and where involvement of the
community has a high priority, providing reasonable levels of financial or other support
should be considered carefully. Local campaign or community groups in particular may need
practical support, a contribution to expenses, and help in securing access to independent
sources of information and advice.

Pressure groups have the right to choose whether to participate in a community involvement
programme. If they do choose to participate, it will imply acceptance of certain
responsibilities, e.g., to behave with integrity and separate protest from participation so far as
practicable, and to recognise the difficulties inherent in any programme and help avoid
problems rather than exploit them unfairly.

The level of involvement
Range of levels

Information: To a minimum, stakeholder involvement may include keeping local people
informed about activities on site, including safety and environmental issues and future plans.

Consultation: Consultation is a two-way process, whereby the organisation(s) involved ask
individuals and groups for their views and take these into account in decision making.
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Participation: Where more involvement is appropriate, members of the community may
participate directly in the analysis and decision making. Ultimate responsibility for the
decision usually remains with the organisation(s) involved, but the objective of participation
is often to reach a degree of consensus between the organisation, the community and other
stakeholders on the way forward.

Any one of these levels of involvement — information, consultation or participation — may be
on-going, or may be case-by-case activities focused on a specific issue.

The parties often start with different understandings of the level of involvement proposed
and with different perceptions of what is fair and appropriate. Therefore, the purpose and the
relevance of the programme should be presented openly and honestly to ensure that
everybody is absolutely clear from the outset what is proposed.

The stakeholder involvement process should never be an end in itself. Rather, it should be an
integral part of decision-making and management processes and it only has meaning if all
parties have this intent. The aim should be to secure agreement for a stakeholder
involvement programme that meets the aspirations of both the organisation(s) involved and
its stakeholders, but also one that takes account of the balance of cost and benefit and can be
delivered in a timely and cost-effective manner.

Providing information

A public information process is intended solely to provide information to stakeholders.
Stakeholders may seek clarification, but are not invited to contribute to the decision-making
process. A local information programme may almost always be required for a major project
dealing with contaminated land. Typically, an information programme may cover things
such as plans, progress, events, public safety and environmental performance. Local
programmes should offer people the option to obtain more information or become more
closely involved and should include information relating to groups with relevant expertise
and experience. Tools available include newsletters, web sites, outreach events etc.
Information on individual projects will often be part of a wider programme. Early, accurate
and complete communication is a key element in building trust.

As a minimum, education and information provision form part of all participation
programmes. The need for a greater level of participation must be determined in each
situation. It is not important to achieve the highest possible level of participation, but the
level that is most appropriate. Techniques at the lower level of participation may also be
used to support techniques at a higher level; for example, the provision of information would
support methods of consultation.

Poor information provision is a common cause of complaint in consultations and lack of
usable information is often the main barrier to understanding and participation in a
stakeholder programme. Access to the right information, at the right level of detail and at the
right time is the key to effective stakeholder involvement.

Good communication requires the organisation(s) involved to look at the information needs
from the perspective of a range of potential participants - from the least informed, least
educated member of the community to the technically competent professional organisation.
Common sense suggests that it is not likely to be effective if the organisation(s) involved
merely circulate scientific or legal documents drawn up for other purposes and other
audiences. Some people may not be able to read technical language. Therefore, the
information should be presented in digestible forms but without oversimplifying the facts
and issues. No single document is likely to fulfil these requirements, however, and therefore
a suite of documents may need to be provided.

In most cases, organisation(s) involved provide only limited additional information on
request. Typically, information is released to allow detailed comment on the data and
analysis, but there is no obligation to provide information needed to conduct alternative
analyses. This can be a major source of contention and stakeholders may complain that
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documents are being unnecessarily withheld. Therefore, organisation(s) involved should
think through in advance which supporting documents they are able to release and discuss
the options with stakeholders likely to be involved.

In cases where implementation work extends over a longer period of time, as a minimum,
stakeholders should be kept informed of progress with implementation. In addition, site
owners/operators should provide the stakeholders with opportunities to review and discuss
the progress. They should also be involved in deciding on any changes to strategies or
options in the light of progress with implementation.

Consultation

The objective of a consultation programme is to get input from stakeholders to support and
inform the decision-making process. The organisation(s) involved typically provide
information to the local community and other stakeholders and make it possible for these
groups to submit comments or ask questions about proposals. Consultation offers large
numbers of people the opportunity to comment on a proposal or on options. They allow for
community peer review of proposals and may identify new technical issues that need
addressing. They may also help organisation(s) involved understand stakeholder views and
concerns, which can be taken into account in decision making and risk communication.
However, there is usually little scope for contributing to identifying solutions or for taking
part in the decision-making process.

Participation

Participative decision making allows stakeholders to take an active role in the decision-
making process rather than simply providing comment on proposals. Stakeholders are
involved in shared analysis and agenda setting, even though the responsibility for the final
decision lies with others.

A commitment to participation implies recognition of the benefits of consensus, even if there
is no specific prior commitment to it. When considering consensus it is essential to be clear
about what is meant. One meaning is “‘unanimity’, i.e., each party must positively support the
decision. More frequently, it is used to describe a situation where a sufficient fraction of the
participants positively support the decision. Others simply consent to it - although they may
not prefer it personally - because they consider it to be tolerable, or to be the best solution or
agreement that can be achieved under the circumstances.

The more complex the issue and, in most cases, the more controversial the issue, the more
likely a higher level of participation will be expected by stakeholders, required to develop
understanding in the community, and necessary to get the quality of input being sought. The
more participative the process, the more rewarding it generally is for all parties but there are
limits to the contribution stakeholders can be asked to make.

Participative processes cannot easily reach large numbers of people and so usually need
complementing with other initiatives to communicate with and gauge the opinion of the
wider community.

Key concepts of stakeholder dialogue
When initiating a stakeholder dialogue, participants may immediately want to start talking
about content issues. It should be outlined, however, that discussion of certain process

elements is necessary in order to maximise participants’ ownership of the process and to
begin developing common ground [11].
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Positions, interests, needs

Situations with high levels of uncertainty often result in a conversation that is largely
positional (i.e., defending the own position, attacking the others’ position). In more complex
situations judgements over right and wrong may be difficult, however. In order to avoid
positional conversations it is necessary to clarify the background of these positions.
Therefore, it should be discovered what are the interests of the stakeholders or the
organisation(s) involved and what are their needs (Figure 2.5).

The more the interests and the needs of the different parties are explored, the more the
interests and the needs that are in common should appear which should result in an area of
overlap. There will always be issues that participants cannot fully agree on, but participants
should understand this and focus on common grounds and agreements. In practice, this starts
from gaining common ground on the process.

‘surface’

Positiuns

Interests I{{/ \\\“

Figure 2.5 Positions, interest and needs of stakeholders and organisation(s) involved
Consensus, compromise

If two parties are working towards agreement on an issue, the percentage of the needs of
each party that are met will vary depending on the outcome. Outcomes may occur anywhere
along the neutral line of compromise (Figure 2.6). Traditional decision-making processes
tend to work towards the middle of the line of compromise, giving 50% each. In complex
circumstances, these decisions often tend not to stand the test of time. Power and influence
may be exercised leading to the potential for increasingly adversarial positions.

LOSE/WIN
100% A compromise
via consensus
WIN/WIN
POSSIBLE neutral line of
SUCCESS FOR compromise
STAKEHOLDER
A
LOSE/LOSE
compromise
via conflict WIN/LOSE

0%
° 100%
POSSIBLE SUCCESS

FOR STAKEHOLDER 'B'

Figure 2.6 Possible outcomes of stakeholder involvement processes
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Consensus-building processes should enable parties to reach more of their needs. These kind
of processes start to provide invisible benefits (for example an extended network, a greater
understanding of the issues and the underlying complexities and problems) as well as the
usual visible benefits (for example reports, hard outputs). In order for such a process to be
able to work it is essential to give it solid foundations and to get the process right at the start.

During the consensus-building process, the participants should remain in contact with their
wider groups and their aims. The participants should keep their wider groups updated and
return the views of these groups to the meeting room.

Roles and responsibilities
Within any stakeholder dialogue process a number of key roles and responsibilities may be
defined:

- The decision-maker(s) - who makes decisions informed by the process.

- The organisation(s) involved - the organisation(s) responsible for initiating the process
and providing funding.

- The convenor - an independent third party responsible for designing and managing the
process. This will usually include one key individual with overall responsibility for
process and running meetings, the facilitator. She/he may be supported by others as
co-facilitators, project managers etc.

- The stakeholders — who represent different groups and are brought together by the
convenor to discuss the issues with the decision-maker(s).

- The evaluator — who reviews the process and its success.
- Reporter and expert roles may be defined if necessary or valuable.

It is recommended to define these roles as they may be confused. The decision-maker and
the organisation(s) involved are often the same and some evaluation is usually carried out by
the convenor. Separating the role of convenor from the decision-maker(s) and
organisation(s) involved may be crucial for maintaining the integrity of the process.

Decision-maker/Organisation(s) involved: The decision-maker/organisation(s) involved
should provide guidance on the framework of its stakeholder engagement, for example,
guidance on the aim of stakeholder dialogue, definition of a national stakeholder, legal
obligations the decision-maker/organisation(s) involved has to meet and the position on
enabling stakeholders to participate in the dialogue through the provision of funds.

Convenor: The role of the convenor may be to ensure that the dialogue process and all its
participants operate in accordance with agreed ground-rules and all stakeholders are treated
equally from the very moment they enter the process. The convenor will also bring expertise
and experience as to the best way to achieve the goals of the dialogue process. Although
funded by the sponsor the convenor works on behalf of the dialogue process, i.e., all
stakeholders.

Facilitator: The role of the facilitator is vital to achieving an effective outcome. He or she
should aim to maintain productive dialogue by:

- Providing working methods which enable contributions from all;

- Offering practical frameworks which bring clarity and structure;

- Managing time to best effect;

- Encouraging clear communication;

- Ensuring that a clear record of proceedings is maintained;

- Making sure that discussions keep within agreed ground-rules and parameters;

- Helping participants acknowledge common ground and build progress around it.
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The facilitator should not take a view as to the best solution or on the content of the
discussion. His focus should be on managing an effective process in which participants can
find the best solution for themselves.

Stakeholders: The role of stakeholders (including the organisation(s) involved) is:

- To participate fully and collaboratively in the discussions, this means being willing to
listen to other points of view and without resorting to the re-iteration of well known
negotiating positions;

- To provide input to both the content and the process of discussions;
- To abide by any ground-rules agreed by the group;

- To represent their group fully by both inputting their group’s views to the discussions
and provide feedback to their group in a timely manner.

Evaluator: The evaluator will regularly look for feedback from the stakeholders and the
organisation(s) involved on how they could improve any aspect of the workshops and overall
programme to make them more effective.

Other Roles: The stakeholder group may agree on the need and role of others such as
reporters and experts under the guidance of the convenor. A reporter could be a person who
would focus on producing a record of the meeting which could be used by stakeholders to
refer to after the meeting and to brief their groups. In addition, not all stakeholders may have
the same level of knowledge on all issues. So sometimes it may be necessary to provide an
expert who can be utilised by stakeholders to supplement their own knowledge. This could
be a technical expert or an expert on a particular decision making process.

Stakeholder dialogue process ground rules

When initiating a stakeholder dialogue, the need to establish an open and interactive
relationship with the stakeholders is recognised. All experience of consultation and dialogue
projects suggests that overall ground-rules are needed in order to ensure that the stakeholder
dialogue process will be as effective and clear as possible, to the benefit of everyone.

Ground-rules are to serve everyone involved. If a set is to be adopted, all participants should
agree on it and all should be clear on why they are needed and what they should achieve.

As with all ground-rules, the intention is to enable participants to openly express their views
and share information; it encourages free discussion - participants usually feel more relaxed
if they do not have to worry about their reputation or implications if they are publicly quoted.

Ground-rules may cover anything which may disrupt the process of discussion, prevent other
stakeholders from taking a full part, undermine the agreed process or create unnecessary
conflicts. A typical coverage of a set of ground-rules may comprise:

- The aim of the process;

- Access to the process;

- Responsibilities of participants;

- Responsibilities of those in key roles;

- Establishment, responsibilities of any sub-groups;

- Information sharing and use;

- How the process will be managed and the pre-dominant style(s) of working;
- How decisions will be reached;

- Internal and external communication;

- Resources;
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- Meeting records and reports;
- Evaluation and monitoring;
- Anything else that stakeholders consider will help maintain a productive process.

In an ideal situation a stakeholder dialogue process should be started drafting ground-rules
together for maximum buy-in and understanding. Once adopted, ground-rules should be kept
as an open, working document for the duration of the process. Anyone in the process should
be able to suggest changes to existing ground-rules, or propose new ones at anytime.

Ground-rules should be morally binding. They have no legal standing and are only as
valuable as participants’ willingness to respect them and abide by them. Working within
ground-rules is a matter of trust and respect and it is crucial that they are understood and
‘owned’ by all those who participate in the process that they support.

Operating within the structure of an agreed set of ground-rules is considered to be a
continuing act of commitment to the process, by every stakeholder, and an act of respect to
other participants. Seriously breaching a ground-rule is usually considered to be a
withdrawal of commitment and an act of disrespect. In these circumstances the convenor
may require the party concerned to formally withdraw from the process. The convenor
should look for the views of a range of stakeholders in making judgements about whether or
not a stakeholder should be asked to formally withdraw, but the decision rests with the
convenor, whose independence is vital at such times.

Confidentiality

Total confidentiality will not be appropriate in a stakeholder dialogue process, but might be
in small group discussions on complex issues. Ground-rules should aid the process in this
respect.

Decision-making

It is important to provide clarity over how decisions will be made, including who will be
responsible for decisions, what the dominant style of working will be, and how stakeholder
views will get incorporated in the conclusions.

Reporting

The need to choose how to make meeting outputs open and transparent in the most digestible
manner to the widest possible audience should be identified. In general, it will be important
to make primary source documentation requested by issue groups publicly available.

A distinction could be made between supplying information when asked and providing
information by a separate primary publishing route. Within a policy of openness and
transparency, it should be the intention to make any reports produced public as soon as
possible. This may not include, unless a valid reason for not doing so is provided, documents
which some stakeholders may be used to remaining confidential to the stakeholder process,
such as ‘photo reports’ and ‘working documents’ (documents not in the public domain and
only released to dialogue participants within the dialogue’s ground-rules).

In addition, the participants in the stakeholder dialogue process should decide how they want
their meetings to be recorded. If the participants feels that having their meeting reports made
public will not be conducive to them discussing the issues freely enough, then other
arrangements will have to be agreed for a record of the meeting to be made public.

In any case, the convenor should hold a library of the documents distributed to the
participants in the stakeholder dialogue process.
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Presence of the press

The stakeholders should discuss if/how they wish to communicate with the press and the
public and whether they should be allowed as observers at meetings within the stakeholder
dialogue process.

In the spirit of transparency and openness, there should be no reason why the press should be
prevented from attending meetings within the stakeholder dialogue process to be able to
report. However, there may be participants present not used to dealing with the press and
public. With the press present these participants would refrain from saying things they do not
want to be reported and in the context of a stakeholder dialogue process, it is considered to
be important to remove any barriers to productive conversations. In addition, it could be
discussed not to have press or public in meetings within the stakeholder dialogue process in
order to avoid discussions becoming inhibited. Separate press briefings in conjunction with
main meetings may be an alternative option that the stakeholder group could consider.

Tools and techniques

In addition to inviting written or telephone comments, a range of techniques are available
that can be used as part of a stakeholder involvement programme [1]. Some examples are
described below with a brief indication of advantages and disadvantages in various contexts.

The mix of information, consultation and participation techniques has to be designed
according to the context. A simple clean-up of a pipeline spill may only merit a mention in a
newsletter and community liaison group meeting. Major site remediation projects may
require a much more sophisticated programme including participative techniques such as
workshop-based formats or more in-depth deliberative approaches.

Where opinions on matters connected with the proposal are polarised and where reliance is
placed on pressure groups, the techniques listed here may have much more serious resource
implications.

Newsletters

Written material used to convey information might involve a series of publications.
Newsletters provide ongoing contact and information can be updated. They are a flexible
form of publicity that can be designed to address the changing needs of the audience. They
are useful to support liaison groups and have potential for feedback. Care should be taken in
establishing the boundaries of distribution. The disadvantage is that not everyone will
actually read a newsletter.

Project information centres

‘Project information centres’ have been valuable on many projects where consultations have
strong links to a particular community. Documents, reports, data, and information - including
those from third parties - are made available for interested participants to use. An
information centre may be housed on site, in a local library, or it may be an on-line ‘virtual’
library.

Opinion surveys

Sending out a document to selected organisations and individuals for comment may help
collect representative views, but favours those with more time to respond, may miss key
groups, and can fail to get people really thinking through the issues and practicalities of
proposals. Also, the balance of opinions expressed by those who self-select to respond to
consultation initiatives or self-selecting surveys may bear no relation to the balance of
opinions in society more widely. It is unwise to assume that opinions from a self-selected
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audience are representative of society at large. Interviews and questionnaires may therefore
be required.

Focus groups

Focus groups or forums are meetings of invited participants designed to gauge the response
to proposed actions and gain a detailed understanding of the participants’ perspectives,
values and concerns. They provide a quick means of gauging what public reaction to a
proposal might be. Disadvantages are that selection of group members may exclude some
sectors of the community, groups require facilitation and support to them is time consuming.

Public meetings

Public meetings may bring together interested and affected parties to present and exchange
information and views on a proposal. They can provide a useful way of meeting other
stakeholders and allowing people to hear a range of views. They may demonstrate that the
proponent is willing to meet with other interested parties. Though appearing simple, they
may be one of the most complex and unpredictable methods, and result effectively in no
consultation. Unless care is taken to represent all views, the public may be dissatisfied and
mistrustful. In addition, the format may be too superficial to allow wide differences of
opinion to be resolved.

Large public meetings can be intimidating and tend to discourage meaningful dialogue
between the public and the organisation(s) involved. Smaller informal meetings and separate
meetings with specific groups of stakeholders are recommended to be included in
programmes.

Surgeries/‘Open house’

In the open house model, interested parties are encouraged to visit the site or some other
convenient venue on an informal basis to find out about a proposal and provide feedback.
This can be an effective way of informing the public and other interested parties. People can
visit at a convenient time, view materials and ask questions at their leisure.

Participative workshops

Workshops with a limited number of participants can be used to provide background
information, discuss issues in detail and solve problems where there is a demand. They may
provide a more open exchange of ideas and facilitate mutual understanding. They may be
useful for dealing with complex, technical issues and allowing more in-depth consideration,
and may be targeted at particular groups — typically the more technically focussed
stakeholders and local authorities.

Strategic stakeholder dialogue

Many activities could be described as dialogue. In this context, strategic stakeholder
dialogue means an inclusive process that brings stakeholders together to address broader or
strategically important decisions. Typically, corporate strategic stakeholder programmes run
over 12 months or more to explore shared and different interests, and to build on common
ground to reach an understanding or consensus. They are appropriate where a range of
stakeholder groups need to be involved to address otherwise intractable issues and promote
culture change.

Community liaison groups

Long-term community liaison groups exist for many large industrial sites and are an obvious
channel for communication. They are a public demonstration of commitment to openness
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and respect for neighbours. They can give early warning of difficulties and can be used to
test reaction to possible changes. They are likely to have a key role in helping to scope
project stakeholder involvement programmes, particularly the more complex or potentially
controversial ones.

2.3.10.10 Project liaison groups

2.3.11

Where there is no standing local liaison group a project liaison group may be set up as a
channel of communication and focus for consultation. They are common in some industry
sectors, including the construction industry and may be relevant also to contaminated land
projects.

Examples of possible stakeholder involvement programmes

Some examples of possible stakeholder involvement programmes may be defined as outlined
below, illustrating a typical mix of scope, stakeholders, tools and techniques. It has to be
stipulated, however, that every situation is different and the history, local situation and wider
context will affect the appropriate scale and scope of involvement. In addition, the
programmes mentioned do not list all activities required.

In all cases:
- Check for factors that might indicate that additional measures are appropriate.

- Anticipate, support and comply with regulatory requirements for notification,
provision of information and consultation.

A ‘routine’ operational local contamination or clean-up issue with no impact on the
community and unlikely to cause concern:

- In many cases, it will be sufficient to notify the local community liaison group at the
next routine meeting.

A contamination or clean-up issue with the potential to generate significant local interest and
debate:

- Contact the local liaison group as soon as practicable and look for their advice on the
appropriate level and scope of stakeholder input.

- Invite the key local stakeholders (including local authorities) to provide input on
issues to be taken into account and potential options.

- Keep the local community and the local stakeholders informed.

- Consider external input into option selection.

- Consider event or other means of providing the public with information.
- Invite the local stakeholders to provide input on implementation issues.
- Make arrangements for on-going feedback of monitoring results.

A contamination or clean-up issue with strategic significance, likely to involve stakeholders
at the national level:

- Contact the local liaison group as soon as practicable and look for advice on the
appropriate level and scope of stakeholder input.

- Plan and make resources available for a significant stakeholder programme, co-
ordinated with other consultations as necessary.

- Develop stakeholder, communication and (if required) training programmes. Make
backgrounds and project specific information available (typically through web site and
links).
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- Initiate a ‘front end’ stakeholder programme to explore issues, perspectives, strategic
implications and options with local and national level stakeholders. Pass on to third
parties as appropriate.

- Integrate external stakeholder input explicitly into option selection.

- Initiate a stakeholder programme to review option selection and implementation
issues.

- Make arrangements for on-going feedback of monitoring results.
Historical site assessment
Introduction

The historical site assessment is an investigation to collect existing information describing a
site’s complete history from the start of site activities to the present time. The necessity for
detailed information and amount of effort to conduct a historical site assessment depend on
the type of site, associated historical events, regulatory framework, and availability of
documented information. For example, some facilities - such as licensees following under
nuclear regulations that routinely maintain records throughout their operations - already have
historical site assessment information in place.

Other facilities may initiate a comprehensive search to gather historical site assessment
information. In the former case, the historical site assessment is essentially complete and a
review of the following sections ensures that all information sources are incorporated into
the overall investigation. In still other cases, where sealed sources or small amounts of radio-
nuclides are described by the historical site assessment, the site may qualify for a simplified
decommissioning procedure.

The objectives of a historical site assessment could be:

- To identify possible sources of radiological and non-radiological contamination and
other hazards;

- To identify the characteristics of the contaminants;

- To identify related past activities or accidents that occurred on the site;

- To determine the impact of the site on human health or the environment;
- To provide input into the design of the characterization survey;

- To provide an assessment of the likelihood of migration of contaminants;
- To determine possible responsible parties.

The historical site assessment may provide information needed to calculate derived
concentration guideline levels (DCGLs as described in Section 3.3.6) and furthermore
provide information that reveals the magnitude of a site’s derived concentration guideline
levels. This information is used for comparing historical data to potential derived
concentration guideline levels and determining the suitability of the existing data as part of
the assessment of the site. The historical site assessment also supports emergency response,
removal activities, fulfils public information needs, and furnishes appropriate information
about the site early in the site investigation process. For a large number of sites (e.g.
currently licensed facilities), site identification and reconnaissance may not be needed. For
certain response activities, such as reports concerning the possible presence of radioactivity,
preliminary investigations may consist more of a reconnaissance and a scoping survey in
conjunction with efforts to gather historical information.

The historical site assessment is typically described in three sections:

- Identification of a candidate site;
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- Preliminary investigation of the facility or site;
- Site reconnaissance.

The reconnaissance, however, is not a scoping survey. The historical site assessment is
followed by an evaluation of the site based on information collected during the historical site
assessment.

Historical site assessment data quality objectives

The data quality objectives (DQO) process assists in directing the planning of data collection
activities performed during the historical site assessment. Information gathered during the
historical site assessment supports other data quality objectives when this process is applied
to subsequent surveys.

Three historical site assessment data quality objectives are expected:

- Identifying an individual or a list of planning team members - including the decision
maker;

- Concisely describing the problem;
- Initially classifying site and survey unit as impacted or non-impacted.

Other results may accompany these three, and this added information may be useful in
supporting subsequent applications of the data quality objective process.

The planning team clarifies and defines the data quality objectives for a site-specific survey.
This multidisciplinary team of technical experts offers the greatest potential for solving
problems when identifying every important aspect of a survey. Including a stakeholder group
representative is an important consideration when assembling this team. Once formed, the
team can also consider the role of public participation for this assessment and the possible
surveys to follow. The number of team members is directly related to the scope and
complexity of the problem. For a small site or simplified situations, planning may be
performed by the site owner. For other specific sites a regulatory agency representative may
be included.

The representative’s role facilitates survey planning - without direct participation in survey
plan development - by offering comments and information based on past precedent, current
guidance, and potential pitfalls. For a large, complex facility, the team may include technical
project managers, site managers, scientists, engineers, community and local government
representatives, health physicists, statisticians, and regulatory agency representatives. A
reasonable effort should be made to include other individuals - that is, specific decision
makers or data users - who may use the study findings sometime in the future.

It is advised that the leader of the planning team is a member of the team who is referred to
as the decision maker. This individual is often the person with the most authority over the
study and may be responsible for assigning the roles and responsibilities to planning team
members. Overall, the decision-making process arrives at final decisions based on the
planning team’s recommendations.

The following steps may be helpful during the development of data quality objectives:

- Describe the conditions or circumstances regarding the problem or situation and the
reason for undertaking the survey;

- Describe the problem or situation as it is currently understood by briefly summarizing
existing information;

- Conduct literature searches and interviews, and examine past or ongoing studies to
ensure that the problem is correctly defined;

- If the problem is complex, consider breaking it into more manageable pieces.
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The initial classification of the site involves developing a conceptual model based on the
existing information, collected during a preliminary investigation. Conceptual models
describe a site or facility and its environs and present hypotheses regarding the radio-
nuclides for known and potential residual contamination. The classification of the site is
discussed in Section 2.4.8, Evaluation of historical site assessment data.

Several results of the data quality objective process may be addressed initially during the
historical site assessment. This information or decision may be based on limited or
incomplete data. As the site assessment progresses and as decisions become more difficult,
the iterative nature of the data quality objective process allows for re-evaluation of
preliminary decisions. This is especially important for classification of sites and survey units
where the final classification is not made until the final status survey is planned.

Site identification

A site may already be known for its prior use and presence of radioactive materials.
Elsewhere, potential radiation sites may be identified through the following:

- Records of authorization to possess or handle radioactive materials;

- Notification to national regulator of possible releases of radioactive substances;

- Ground and aerial radiological surveys;

- Contacts with knowledge of the site.

Once identified, the name, location, and current legal owner or custodian (where available)
of the site should be recorded.

Preliminary historical site assessment investigation

The limited scope of this preliminary historical site assessment investigation serves to collect
readily available information concerning the facility or site and its surroundings. The
investigation should be designed to obtain sufficient information to provide initial
classification of the site or survey unit as impacted or non-impacted. Information on the
potential distribution of radioactive contamination may be used for classifying each site or
survey unit and is useful for planning scoping and characterization surveys.

Table 2.3 provides a set of questions that can be used to assist in the preliminary historical
site assessment investigation. Apart from obvious cases (e.g., licensees following under
nuclear regulations), this table focuses on characteristics that identify a previously
unrecognized or known but undeclared source of potential contamination. Furthermore, these
questions may identify confounding factors for selecting reference sites.

Table 2.3 Questions useful for a preliminary historical site assessment investigation

[

Was the site ever licensed for the manufacture, use, or Indicates a higher probability that the area is
distribution of radioactive materials under Agreement impacted.
State Regulations?

2|Did the site ever have permits to dispose of, or incinerate, |Evidence of radioactive material disposal
radioactive material onsite? indicates a higher probability that the area is

Is there evidence of such activities? impacted.

3|Has the site ever had deep wells for injection or permits |Indicates a higher probability that the area is
for such? impacted.

4|Did the site ever have permits to perform research with  |[Research that may have resulted in the release of
radiation generating devices or radioactive materials radioactive materials indicates a higher
except medical or dental x-ray machines? probability that the area is impacted.

5|As a part of the site's radioactive materials license were |Leak test records of sealed sources may indicate
there ever any Soil Moisture Density Gauges whether or not a storage area is impacted.
(Americium-Beryllium or Plutonium-Beryllium sources), |Evidence of radioactive material disposal

or Radioactive Thickness Monitoring Gauges stored or  |indicates a higher probability that the area is
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disposed of onsite?

impacted.

Was the site used to create radioactive material(s) by
activation?

Indicates a higher probability that the area is
impacted.

Were radioactive sources stored at the site?

Leak test records of sealed sources may indicate
whether or not a storage area is impacted.

o]

Is there evidence that the site was involved in the
Manbhattan Project or any Manhattan Engineering District
(MED) activities (1942-1946)?

Indicates a higher probability that the area is
impacted.

Was the site ever involved in the support of nuclear
weapons testing (1945-1962)?

Indicates a higher probability that the area is
impacted.

10

Were any facilities on the site used as a weapons storage
area? Was weapons maintenance ever performed at the
site?

Indicates a higher probability that the area is
impacted.

1

[

Was there ever any decontamination, maintenance, or
storage of radioactively contaminated ships, vehicles, or
planes performed onsite?

Indicates a higher probability that the area is
impacted.

12

Is there a record of any aircraft accident at or near the site
(e.g., depleted uranium counterbalances, thorium alloys,
radium dials)?

May include other considerations such as
evidence of radioactive materials that were not
recovered.

13

Was there ever any radiopharmaceutical manufacturing,
storage, transfer, or disposal onsite?

Indicates a higher probability that the area is
impacted.

14

Was animal research ever performed at the site?

Evidence that radioactive materials were used for
animal research indicates a higher probability that
the area is impacted.

15

Were uranium, thorium, or radium compounds (NORM)
used in manufacturing, research, or testing at the site, or
were these compounds stored at the site?

Indicates a higher probability that the area is
impacted or results in a potential increase in
background variability.

16

Has the site ever been involved in the processing or
production of Naturally Occurring Radioactive Material
(e.g., radium, fertilizers, phosphorus compounds,
vanadium compounds, refractory materials, or precious
metals) or mining, milling, processing, or production of
uranium?

Indicates a higher probability that the area is
impacted or results in a potential increase in
background variability.

17

Were coal or coal products used onsite?

If yes, did combustion of these substances leave ash or
ash residues onsite?

If yes, are runoff or production ponds onsite?

May indicate other considerations such as a
potential increase in background variability.

18| Was there ever any onsite disposal of material known to |May indicate other considerations such as a
be high in naturally occurring radioactive materials (e.g., |potential increase in background variability.
monazite sands used in sandblasting)?

19|Did the site process pipes from the oil and gas industries? |Indicates a higher probability that the area is

impacted or results in a potential increase in
background variability.

20|Is there any reason to expect that the site may be See Section 3.6.3.

contaminated with radioactive material (other than
previously listed)?

Existing radiation data

Site files, monitoring data, former site evaluation data, national, or local investigations, or
emergency actions may be sources of useful site information. Existing site data may provide
specific details about the identity, concentration, and areal distribution of contaminations.
However, these data should be examined carefully because:

Previous survey and sampling efforts may not be compatible with the established
historical site assessment objectives or may not be extensive enough to characterize

the facility or site fully.
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Measurement protocols and standards may not be known or compatible with the
established historical site assessment objectives (e.g., quality assurance/quality control
(QA/QC) procedures, limited analysis rather than full-spectrum analysis) or may not
be extensive enough to characterize the facility or site fully.

Conditions may have changed since the site was last sampled (i.e., substances may
have been released, migration may have spread the contamination, additional waste
disposal may have occurred, or decontamination may have been performed).

The following existing data can be evaluated:

Licenses, Site Permits, and Authorizations. The facility or site radioactive materials
license and supporting or associated documents are potential sources of information
for licensed facilities. If a license does not exist, there may be a permit or other
document that authorized site operations involving radioactivity. These documents
may specify the quantities of radioactive material authorized for use at the site, the
chemical and physical form of the materials, operations for which the materials are (or
were) used, locations of these operations at the facility or site, and total quantities of
material used at the site during its operating lifetime. Governmental agencies maintain
generally files on a variety of environmental programs. These files may contain permit
applications and monitoring results with information on specific waste types and
quantities, sources, type of site operations, and operating status of the facility or site.

Operating Records. Records and other information sources useful for site evaluations
include those describing on-site activities; current and past contamination control
procedures; and past operations involving demolition, effluent releases, discharge to
sewers or on-site septic systems, production of residues, land filling, waste and
material storage, pipe and tank leaks, spills and accidental releases, release of facilities
or equipment from radiological controls, and on-site or off-site radioactive and
hazardous waste disposal. Some records may be or may have been classified for
national security purposes and means should be established to review all pertinent
records. Past operations should be summarized in chronological order along with
information indicating the type of permits and approvals that authorized these
operations. Estimates of the total activity disposed of or released at the site and the
physical and chemical form of the radioactive material should also be included.
Records on waste disposal, environmental monitoring, site inspection reports, license
applications, operational permits, waste disposal material balance and inventory
sheets, and purchase orders for radioactive materials are useful - for estimating total
activity. Information on accidents, such as fires, flooding, spills, unintentional
releases, or leakage, should be collected as potential sources of contamination.
Possible areas of localized contamination should be identified.

Site plats or plots, blueprints, drawings, and sketches of structures are especially
useful to illustrate the location and layout of buildings on the site. Site photographs,
aerial surveys, and maps can help verify the accuracy of these drawings or indicate
changes following the time when the drawings were prepared. Processing locations -
plus waste streams to and from the site as well as the presence of stockpiles of raw
materials and finished products - should be noted on these photographs and maps.
Buildings or outdoor processing areas may have been modified or reconfigured such
that former processing areas were converted to other uses or configurations. The
locations of sewers, pipelines, electric lines, water lines, efc., should also be identified.
This information facilitates planning the site reconnaissance and subsequent surveys,
developing a site conceptual model, and increasing the efficiency of the survey
program.

Corporate contract files may also provide useful information during subsequent stages
of the radiation survey and site investigation process. Older facilities may not have
complete operational records, especially for obsolete or discontinued processes.
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Financial records may also provide information on purchasing and shipping that in
turn help to reconstruct a site’s operational history.

While operating records can be useful tools during the historical site assessment, the
investigator should be careful not to place too much emphasis on this type of data.
These records are often incomplete and lack information on substances previously not
considered hazardous. Out-of-date blueprints and drawings may not show
modifications made during the lifetime of a facility.

Contacts and interviews

Interviews with current or previous employees are performed to collect first-hand
information about the site or facility and to verify or clarify information gathered from
existing records. Interviews to collect first-hand information concerning the site or facility
are generally conducted early in the data-gathering process. Interviews cover general topics,
such as radioactive waste handling procedures. Results of early interviews are used to guide
subsequent data collection activities.

Interviews scheduled late in the data gathering process may be especially useful. This
activity allows questions to be directed to specific areas of the investigation that need
additional information or clarification. Photographs and sketches can be used to assist the
interviewer and allow the interviewees to recall information of interest. Conducting
interviews on-site where the employees performed their tasks often stimulates memories and
facilitates information gathering. In addition to interviewing managers, engineers, and
facility workers, interviews may be conducted with labourers and truck drivers to obtain
information from their perspective. The investigator should be cautious in the use of
interview information. Whenever possible, anecdotal evidence should be assessed for
accuracy and results of interviews should be backed up with supporting data. Steps that
ensure specific information is properly recorded may include hiring trained investigators and
taking affidavits.

Site reconnaissance

The objective of the site reconnaissance or site visit is to gather sufficient information to
support a decision regarding further action. Reconnaissance activity is not a risk assessment,
or a scoping survey, or a study of the full extent of contamination at a facility or site. The
reconnaissance offers an opportunity to record information concerning hazardous site
conditions as they apply to conducting future survey work. In this regard, information
describing physical hazards, structural integrity of buildings, or other conditions, defines
potential problems that may impede future work. This section is most applicable to sites with
less available information and may not be necessary at other sites having greater amounts of
data, such as licensed facilities.

To prepare for the site reconnaissance, begin by reviewing what is known about the facility
or site and identify data gaps. Given the site-specific conditions, consider whether or not a
site reconnaissance is necessary and practical. This type of effort may be deemed necessary
if a site is abandoned, not easily observed from areas of public access, or discloses little
information during file searches. These same circumstances may also make a site
reconnaissance risky for health and safety reasons - in view of the many unknowns - and
may make entry difficult. This investigative step may be practical, but less critical, for active
facilities whose operators grant access and provide requested information. Remember to
arrange for proper site access and prepare an appropriate health and safety plan, if required,
before initiating the site reconnaissance.

Investigators should acquire signed consent forms from the site or equipment owner to gain
access to the property to conduct the reconnaissance. Investigators are to determine if
Governmental or local officials, and local individuals, should be notified of the
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reconnaissance schedule (stakeholder involvement). If needed, local officials should arrange
for public notification.

It is advised to prepare a study plan before the site reconnaissance to anticipate every
reconnaissance activity and identify specific information to be gathered. This plan should
incorporate a survey of the site’s surroundings and provide details for activities that verify or
identify the location of: nearby residents, worker populations, drinking water or irrigation
wells, foods, and other site environs information.

Preparing for the site reconnaissance includes initially gathering necessary materials and
equipment. This may include a camera to document site conditions, health and safety
monitoring instruments including a radiation detection meter for use during the site visit, and
extra copies of topographic maps to mark target locations, water distribution areas, and other
important site features. A logbook is critical to keeping a record of field activities and
observations as they occur. For documentation purposes EURSSEM recommends that the
logbook should be completed in waterproof ink, preferably by one individual. Furthermore,
each page of the logbook should be signed and dated, including the time of day, after the last
entry on the page. Corrections should be documented and approved.

Evaluation of historical site assessment data

The main purpose of the historical site assessment is to determine the current status of the
site or facility, but the data collected may also be used to differentiate sites or parts of a site
that need further action from those that pose little or no threat to human health and the
environment. This screening process can serve to provide a site disposition recommendation
or to recommend additional surveys. Because much of the data collected during historical
site assessment activities is qualitative or is analytical data of unknown quality, many
decisions regarding a site are the result of professional judgment.

There are three possible recommendations that follow the historical site assessment:
- An emergency action to reduce the risk to human health and the environment.

- The site or area is impacted and further investigation is needed before a decision
regarding final disposition can be made. The site may be classified as class 1, class 2,
or class 3, and a scoping survey or a characterization survey should be performed.
Information collected during the historical site assessment can be very useful in
planning these subsequent survey activities.

- The site or area is non-impacted. There is no possibility or an extremely low
probability of residual radioactive materials being present at the site. The site can be
released.

Historical analytical data indicating the presence of contamination in environmental media
(surface soil, sub-surface soil, surface water, groundwater, air, or buildings) should be used
to support the hypothesis that radioactive material was released at the facility or site. A
decision that the site is contaminated can be made regardless of the quality of the data, its
attribution to site operations, or its relationship to background levels. In such cases,
analytical indications are sufficient to support the hypothesis - it is not necessary to
definitively demonstrate that a problem exists. Conversely, historical analytical data can also
be used to support the hypothesis that no release has occurred. However, these data should
not be the sole basis for this hypothesis. Using historical analytical data as the principal
reason for ruling out the occurrence of contamination forces the data to demonstrate that a
problem does not exist.

In most cases it is assumed there will be some level of process knowledge available in
addition to historical analytical data. If process knowledge suggests that no residual
contamination should be present and the historical analytical data also suggests that no
residual contamination is present, the process knowledge provides an additional level of
confidence and supports classifying the area as non-impacted. However, if process
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knowledge suggests no residual contamination should be present but the historical analytical
data indicate the presence of residual contamination, the area will probably be considered
impacted.

The following sections describe the information recommended for assessing the status of a
site. This information is needed to accurately and completely support a site disposition
recommendation. If some of the information is not available, it should be identified as a data
need for future surveys.

Identify potential contaminants

An efficient historical site assessment gathers information sufficient to identify the radio-
nuclides used at the site - including their chemical and physical form. The first step in
evaluating historical site assessment data is to estimate the potential for residual
contamination by these radio-nuclides.

Site operations greatly influence the potential for residual contamination. An operation that
only handled encapsulated sources is expected to have a low potential for contamination -
assuming that the integrity of the sources was not compromised. A review of leak-test
records for such sources may be adequate to demonstrate the low probability of residual
contamination. A chemical manufacturing process facility would likely have contaminated
piping, ductwork, and process areas, with a potential for soil contamination where spills,
discharges, or leaks occurred. Sites using large quantities of radioactive ores - especially
those with outside waste collection and treatment systems - are likely to have contaminated
grounds. If loose dispersible materials were stored outside or process ventilation systems
were poorly controlled, then windblown surface contamination may be possible.

Consider how long the site was operational. If enough time elapsed since the site
discontinued operations, radio-nuclides with short half-lives may no longer be present in
significant quantities. In this case, calculations demonstrating that residual activity could not
exceed the derived concentration guideline level (DCGL) may be sufficient to evaluate the
potential residual contaminants at the site. A similar consideration can be made based on
knowledge of a contaminant’s chemical and physical form. Such a determination relies on
records of radio-nuclide inventories, chemical and physical forms, total amounts of activity
in waste shipments, and purchasing records to document and support this decision. However,
a number of radio-nuclides experience significant decay product in-growth, which should be
included when evaluating existing site information.

Identify potentially contaminated areas

Information gathered during the historical site assessment should be used to provide an
initial classification of the site areas as impacted or non-impacted.

Impacted areas have a reasonable potential for radioactive contamination (based on historical
data) or contain known radioactive contamination (based on past or preliminary radiological
surveillance). This includes areas where:

- Radioactive materials were used and stored;

- Records indicate spills, discharges, or other unusual occurrences that could result in
the spread of contamination;

- Radioactive materials were buried or disposed. Areas immediately surrounding or
adjacent to these locations are included in this classification because of the potential
for inadvertent spread of contamination.

Non-impacted areas - identified through knowledge of site history or previous survey
information - are those areas where there is no reasonable possibility for residual radioactive
contamination. The criteria used for this segregation need not be as strict as those used to
demonstrate final compliance with the regulations. However, the reasoning for classifying an
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area as non-impacted should be maintained as a written record. Note that - based on
accumulated survey data - an impacted area’s classification may change as the radiation site
survey investigation process progresses.

All potential sources of radioactivity in impacted areas should be identified and their
dimensions recorded (in 2 or 3 dimensions - to the extent they can be measured or
estimated). Sources can be delineated and characterized through visual inspection during the
site reconnaissance, interviews with knowledgeable personnel, and historical information
concerning disposal records, waste manifests, and waste sampling data. The historical site
assessment should address potential contamination from the site whether it is physically
within or outside of site boundaries.

Identify potentially contaminated media

The next step in evaluating the data gathered during the historical site assessment is to
identify potentially contaminated media at the site. To identify media that may and media
that do not contain residual contamination supports both preliminary area classification
(Section 2.4.9 and Section 3.3.2.1) and planning subsequent survey activities.

The following sections provide guidance on evaluating the likelihood for release of
radioactivity into the following environmental media: surface soil, subsurface soil, sediment,
surface water, ground water, air, and buildings. The evaluation will result in either a finding
of “Suspected contamination” or “No suspected contamination,” which may be based on
analytical data, professional judgment, or a combination of the two.

Subsequent sections describe the environmental media and pose questions pertinent to each
type. Each question is accompanied by a commentary. Carefully consider the questions
within the context of the site and the available data. Avoid spending excessive amounts of
time answering each question because answers to every question are unlikely to be available
at each site. Questions that cannot be answered based on existing data can be used to direct
future surveys of the site. Also, keep in mind the numerous differences in site-specific
circumstances and that the questions do not identify every characteristic that might apply to a
specific site. Additional questions or characteristics identified during a specific site
assessment should be included in the historical site assessment report.

Surface soil

Surface soil is the top layer of soil on a site that is available for direct exposure, growing
plants, re-suspension of particles for inhalation, and mixing from human disturbances.
Surface soil may also be defined as the thickness of soil that can be measured using direct
measurement or scanning techniques. Typically, this layer is represented as the top 15 cm (6
in.) of soil. Surface sources may include gravel fill, waste piles, concrete, or asphalt paving.
For many sites where radioactive materials were used, one first assumes that surface
contamination exists and the evaluation is used to identify areas of high and low probability
of contamination (e.g., Class 1, Class 2 or Class 3 areas).

- Were all radiation sources used at the site encapsulated sources?
A site where only (proven) encapsulated sources were used would be expected to have
a low potential for contamination. A review of the leak-test records and
documentation of encapsulated source location may be adequate for a finding of “No
suspected contamination.”

- Were radiation sources used only in specific areas of the site?
Evidence that radioactive materials were confined to certain areas of the site may be
helpful in determining which areas are impacted and which are non-impacted. This
should be supported by other gathered information, e.g., interviews, documents
dealing with the transport of radioactive materials and storage at the site.

- Was surface soil re-graded or moved elsewhere for fill or construction purposes?
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This helps to identify additional potential radiation sites.
Subsurface soil and media

Subsurface soil and media are defined as any solid materials not considered to be surface
soil. The purpose of these investigations is to locate and define the vertical extent of the
potential contamination. Subsurface measurements can be expensive, especially for beta- or
alpha-emitting radionuclides. Removing areas from consideration for subsurface
measurements or defining areas as non-impacted for subsurface sampling conserves limited
resources and focuses the site assessment on areas of concern.

- Are there areas of known or suspected surface soil contamination?
Surface soil contamination can migrate deeper into the soil. Surface soil sources
should be evaluated based on radionuclide mobility, soil permeability, and infiltration
rate to determine the potential for subsurface contamination. Computer modelling may
be helpful for evaluating these types of situations. See also Sections 3.3.3 and 3.3.4).

- Is there a groundwater plume without an identifiable source?
Contaminated groundwater indicates that a source of contamination is present. If no
source is identified during the historical site assessment, subsurface contamination is a
probable source.

- Is there potential for enhanced mobility of radionuclides in soils?
Radionuclide mobility can be enhanced by the presence of solvents or other volatile
chemicals that affect the ion-exchange capacity of soil (see Section 3.3.4).

- Is there evidence that the surface has been disturbed?
Recent or previous excavation activities are obvious sources of surface disturbance.
Areas with developed plant life (forested or old growth areas) may indicate that the
area remained undisturbed during the operating life of the facility. Areas where
vegetation is removed during previous excavation activity may be distinct from
mature plant growth in adjacent areas. If a site is not purposely replanted, vegetation
may appear in a sequence starting with grasses that are later replaced by shrubs and
trees. Typically, grasslands recover within a few years, sagebrush or low ground cover
appears over decades, while mature forests may take centuries to develop.

- Is there evidence of subsurface disturbance?
Non-intrusive, non-radiological measurement techniques may provide evidence of
subsurface disturbance. Magnetometer surveys can identify buried metallic objects,
and ground-penetrating radar can identify subsurface anomalies such as trenches or
dump sites. Techniques involving special equipment are discussed in Section 3.3.8 and
Section 3.6.6.

- Are surface structures present?
Structures constructed at a site - during the operational history of that site - may cover
below-ground contamination. Some consideration for contaminants that may exist
beneath parking lots, buildings, or other onsite structures may be warranted as part of
the investigation. There may be underground piping, drains, sewers, or tanks that
caused contamination (see Section 3.6.4).

Surface water

Surface waters include streams and rivers, lakes, coastal tidal waters, and oceans. Note that
certain ditches and intermittently flowing streams qualify as surface water. The evaluation
determines whether radio-nuclides are likely to migrate to surface waters or their sediments.
Where a previous release is not suspected, the potential for future release depends on the
distance to surface water and the flood potential at the site. With regard to the two preceding
sections, one can also consider an interaction between soil and water in relation to seasonal

75



factors including soil cracking due to freezing, thawing, and dessication that influence the
dispersal or infiltration of radio-nuclides.

Is surface water nearby?

The proximity of a contaminant to local surface water is essentially determined by
run-off and radionuclide migration through the soil. The definition for nearby depends
on site-specific conditions. If the terrain is flat, precipitation is low, and soils are
sandy, nearby may be within several meters. If annual precipitation is high or
occasional rainfall events are high, within 1,200 meters (3/4 mile) might be considered
nearby. In general, sites need not include the surface water pathway where the
overland flow distance to the nearest surface water is more than 3,200 meters (2
miles).

Is the waste quantity particularly large?

Depending on the physical and chemical form of the waste and its location, large is a
relative term. A small quantity of liquid waste may be of more importance - i.e., a
greater risk or hazard - than a /arge quantity of solid waste stored in water tight
containers.

Is the drainage area large?

The drainage area includes the area of the site itself plus the up-gradient area that
produces run-off flowing over the site. Larger drainage areas generally produce more
run-off and increase the potential for surface water contamination.

Is rainfall heavy?

If the site and surrounding area are flat, a combination of heavy precipitation and low
infiltration rate may cause rainwater to pool on the site. Otherwise, these
characteristics may contribute to high run-off rates that carry radio-nuclides overland
to surface water. Total annual rainfall exceeding one meter (40 inches), or a once in
two-year-24-hour precipitation exceeding five cm (two inches) might be considered
“heavy”.

Rainfall varies for locations across Europe as also the precipitation rates during the
year at each location due to seasonal and geographic factors. These value rates should
be known for making a correct judgement about the migration of radio-nuclides.

Is the infiltration rate low?
Infiltration rates range from very high in gravelly and sandy soils to very low in fine
silt and clay soils. Paved sites prevent infiltration and generate run-off.

Are sources of contamination poorly contained or prone to run-oft?

Proper containment which prevents radioactive material from migrating to surface
water generally uses engineered structures such as dikes, berms, run-on and run-off
control systems, and spill collection and removal systems. Sources prone to releases
via run-off include leaks, spills, exposed storage piles, or intentional disposal on the
ground surface. Sources not prone to run-off include underground tanks, above-ground
tanks, and containers stored in a building.

Is a run-off route well defined?

A well defined run-off route - along a gully, trench, berm, wall, etc. - will more likely
contribute to migration to surface water than a poorly defined route. However, a
poorly defined route may contribute to dispersion of contamination to a larger area of
surface soil.

Has deposition of waste into surface water been observed?
Indications of this type of activity will appear in records from past practice at a site or
from information gathered during personal interviews.

Is ground water discharge to surface water probable?
The hydrogeology and geographical information of the area around and inside the site
may be sufficiently documented to indicate discharge locations.
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Does analytical or circumstantial evidence suggest surface water contamination?
Any condition considered suspicious - and that indicates a potential contamination
problem - can be considered circumstantial evidence.

Is the site prone to flooding?

In national or local archives information may be available about the flood rate and
occurred floods in the past. Generally, a site on a 500-year floodplain is not considered
prone to flooding.

Groundwater

Proper evaluation of groundwater includes a general understanding of the local geology and
subsurface conditions. Of particular interest is descriptive information relating to subsurface
stratigraphy, aquifers, and groundwater use.

Are sources poorly contained?

Proper containment which prevents radioactive material from migrating to
groundwater generally uses engineered structures such as liners, layers of low
permeability soil (e.g., clay), and leachate collection systems.

Is the source likely to contaminate groundwater?

Underground tanks, landfills’, surface impoundments and lagoons are examples of
sources that are likely to release contaminants that migrate to groundwater. Above
ground tanks, drummed solid wastes, or sources inside buildings are less likely to
contribute to groundwater contamination.

Is waste quantity particularly large?

Depending on the physical and chemical form of the waste and its location, large is a
relative term. A small quantity of liquid waste may be of more importance - i.e.,
greater risk or hazard - than a large quantity of solid waste stored in water tight
containers.

Is precipitation heavy?

If the site and surrounding area are flat, a combination of heavy precipitation and low
infiltration rate may cause rainwater to pool on the site. Otherwise, these
characteristics may contribute to high run-off rates that carry radio-nuclides overland
to surface water. Total annual rainfall exceeding one meter (40 in.), or a once in two-
year-24-hour precipitation exceeding five cm (two in.) might be considered “heavy”.

Is the infiltration rate high?

Infiltration rates range from very high in gravelly and sandy soils to very low in fine
silt and clay soils. Unobstructed surface areas are potential candidates for further
examination to determine infiltration rates.

Is the site located in an area of karst terrain?
In karst terrain, groundwater moves rapidly through channels caused by dissolution of
the rock material (usually limestone) that facilitates migration of contaminants.

Is the subsurface highly permeable?

Highly permeable soils favour downward movement of water that may transport
radioactive materials. Well logs, local geologic literature, or interviews with
knowledgeable individuals may help answer this question.

What is the distance from the surface to an aquifer?

The shallower the source of groundwater, the higher the threat of contamination. It is
difficult to determine whether an aquifer may be a potential source of drinking water
in the future (e.g., next 1,000 years). This generally applies to the shallowest aquifer
below the site.

Landfills can affect the geology and hydrogeology of a site and produce heterogeneous conditions. It may be necessary to
consult an expert on landfills and the conditions they generate.
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Are suspected contaminants highly mobile in ground water?
Mobility in ground water can be estimated based on the distribution coefficient (K ) of

the radionuclide. Elements with a high K, like thorium (e.g., K ;= 3,200 cm*/g), are
not mobile while elements with a low K, like hydrogen (e.g., K ;= 0 cm*/g), are very

mobile. The Unted States Nuclear regulatory Commission (NRC) [50] and the
Department of Energy (DOE) [51] provide a compilation of K values. These values

can be influenced by site-specific considerations such that site-specific K, values need

to be evaluated or determined. Also, the mobility of a radionuclide can be enhanced by
the presence of a solvent or volatile chemical.

Does analytical or circumstantial evidence suggest groundwater contamination?
Evidence for contamination may appear in current site data; historical, hydro-
geological, and geographical information systems records; or as a result of personal
interviews.

Evaluation of air is different than evaluation of other potentially contaminated media. Air is
rarely the source of contamination. Air is evaluated as a pathway for re-suspending and
dispersing radioactive contamination as well as a contaminated media.

Were there any observations of contaminant releases into the air caused by any
activity performed on the site?

Direct observation of a release to the air might occur where radioactive materials are
suspected to be present in particulate form (e.g., mine tailings, waste pile) or adsorbed
to particulates (e.g., contaminated soil) or released by a chimney, and where site
conditions favour air transport (e.g., dry, dusty, windy).

Does analytical or circumstantial evidence suggest a release to the air?

Other evidence for releases to the air might include areas of surface soil contamination
that do not appear to be caused by direct deposition or overland migration of
radioactive material.

For radon exposure only, are there elevated amounts of radium (**°Ra or one of its
daughters, e.g., *'°Pb) in the soil or water that could act as a source of radon in the air?
The source, *°Ra, decays to “**Rn, which is radon gas. Once radon is produced, the
gas needs a pathway to escape from its point of origin into the air. Radon is not
particularly soluble in water, so this gas is readily released from water sources which
are open to air. Soil, however, can retain radon gas until it has decayed. The rate that
radon is emitted by a solid, i.e. radon flux, can be measured directly to evaluate
potential sources of radon.

Is there a prevailing wind and a propensity for windblown transport of contamination?
Information pertaining to geography, ground cover (e.g., amount and types of local
vegetation), meteorology (e.g., wind speed at 7 meters above ground level) for and
around the site, plus site-specific parameters related to surface soil characteristics
enter into calculations used to describe particulate transport. Mean annual wind speed
can be obtained from the national weather service surface station nearest to the site.

Structures

Structures used for storage, maintenance, or processing of radioactive materials are
potentially contaminated by these materials. The questions presented in Table 2.3 help to
determine if a building might be potentially contaminated. The questions listed in this
section are for identifying potentially contaminated structures, or portions of structures, that
might not be identified using Table 2.3.
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- Were adjacent structures used for storage, maintenance, or processing of radioactive
materials?
Adjacent is a relative term for this question. A processing facility with a potential for
venting radioactive material to the air could contaminate buildings downwind. A
facility with little potential for release outside of the structures handling the material
would be less likely to contaminate nearby structures.

- Is a building or its addition or a new structure located on a former radioactive waste
burial site or contaminated land?
Comparing past and present photographs or site maps and retrieving building permits
or other structural drawings and records in relation to historical operations information
will reveal site locations where structures may have been built over buried waste or
contaminated land.

- Was the building constructed using contaminated material?
Building materials such as concrete, brick, or cinder block may have been formed
using contaminated material.

- Does the potentially non-impacted portion of the building share a drainage system or
ventilation system with a potentially contaminated area?
Technical and architectural drawings for site structures along with visual inspections
are required to determine if this is a concern in terms of current or past operations.

- Is there evidence that previously identified areas of contamination were re-mediated
by painting or similar methods of immobilizing contaminants?
Removable sources of contamination immobilized by painting may be more difficult
to locate, and may need special consideration when planning subsequent surveys.

Develop a conceptual model of the site

Starting with project planning activities, one gathers and analyzes available information to
develop a conceptual site model. The model is essentially a site diagram showing locations
of known contamination, areas of suspected contamination, types and concentrations of
radio-nuclides in impacted areas, potentially contaminated media, and locations of potential
reference (background) areas. The diagram should include the general layout of the site
including buildings and property boundaries. When possible, produce three dimensional
diagrams. The conceptual site model will be upgraded and modified as information becomes
available throughout the radiation survey and site investigation process.

The model should be used to assess the nature and the extent of contamination, to identify
potential contaminant sources, release mechanisms, exposure pathways, human and/or
environmental receptors, and to develop exposure scenarios. Further, this model helps to
identify data gaps, determine media to be sampled, and assists staff in developing strategies
for data collection. Site history and preliminary survey data generally are extremely useful
sources of information for developing this model. The conceptual site model should include
known and suspected sources of contamination and the types of contaminants and affected
media. Such a model can also illustrate known and potential routes of migration and known
or potential human and environmental receptors.

The site should be classified or initially divided into similar areas. Classification may be
based on the operational history of the site or observations made during the site
reconnaissance. After the site is classified using current and past site characteristics, further
divide the site or facility based on anticipated future use. This classification can help:

- To assign limited resources to areas that are anticipated to be released without
restrictions;

- To identify areas with little or no possibility of unrestricted release.
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Figure 2.7 shows an example of how a site might be classified in this manner. Further
classification of a site may be possible based on site disposition recommendations
(unrestricted vs. release with passive controls).
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Figure 2.7 Example showing how a site might be classified prior to clean-up based on
preliminary investigations, historical site assessment
and supplementary investigations

Professional judgment

In some cases, traditional sources of information, data, models, or scientific principles are
unavailable, unreliable, conflicting, or too costly or time consuming to obtain. In these
instances professional judgment may be the only practical tool available to the investigator.
Professional judgment is the expression of opinion that is documented in written form and
based on technical knowledge and professional experience, assumptions, algorithms, and
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definitions, as stated by an expert in response to technical problems. For general
applications, this type of judgment is a routine part of scientific investigation where
knowledge is incomplete. Professional judgment can be used as an independent review of
historical data to support decision making during the historical site assessment. Professional
judgment should only be used in situations where data are not reasonably obtainable by
collection or experimentation.

The process of recruiting professionals should be documented and as unbiased as possible.
The credentials of the selected individual or individuals enhance the credibility of the
elicitation, and the ability to communicate their reasoning is a primary determinant of the
quality of the results. Qualified professionals can be identified by different sources,
including the planning team, professional organizations, government agencies, universities,
consulting firms, and public interest groups. The selection criteria for the professionals
should include potential conflict of interest (economic or personal), evidence of expertise in
a required topic, objectiveness, and availability.

Historical site assessment report

A narrative report is generally a useful product for an historical site assessment. Use this
report to summarize what is known about the site, what is assumed or inferred, activities
conducted during the historical site assessment, and all researched information. Cite a
supporting reference for each factual statement given in the report. Attach copies of
references (i.e., those not generally available to the public) to the report. The narrative
portion of the report should be written in the plain national language and avoid the use of
technical terminology as much as possible.

To encourage consistency in the content of historical site assessment narratives, it is advised
for both the structure and content that each report follows the same format. In 0 an example
of a format of a historical site assessment report is shown. Additional information not
identified in the outline may be requested by the regulatory agency at its discretion. The
level of effort to produce the report should reflect the amount of information gathered during
the historical site assessment.

In the historical site assessment report attention may be given to subjects that thought or be
expected to be present, but could not be proven, a special point in the report can be that
information is reported about actions that have never been performed at the site and that
certain nuclides have never been present.

Review of the historical site assessment

The planning team should ensure that someone (a first reviewer) conducts a detailed review
of the historical site assessment report for internal consistency and as a quality-control
mechanism. A second reviewer with considerable site assessment experience should then
examine the entire information package to assure consistency and to provide an independent
evaluation of the historical site assessment conclusions. The second reviewer also evaluates
the package to determine if special circumstances exist where radioactivity may be present
but not identified in the historical site assessment. Both the first reviewer and a second
independent reviewer should examine the historical site assessment written products to
ensure internal consistency in the report's information, summarized data, and conclusions.
The site review ensures that the historical site assessment recommendations are appropriate.

An important quality assurance objective is to find and correct errors. A significant
inconsistency indicating either an error or a flawed conclusion, if undetected, could
contribute to an inappropriate recommendation. Identifying such a discrepancy directs the
historical site assessment investigator and site reviewers to re-examine and resolve the
apparent conflict.

Under some circumstances, experienced investigators may have differing interpretations of
site conditions and draw differing conclusions or hypotheses regarding the likelihood of

81



2.5

2.5.1

contamination. Any such differences should be resolved during the review. If a reviewer's
interpretations contradict those of the historical site assessment investigator, the two should
discuss the situation and reach a consensus. This aspect of the review identifies significant
points about the site evaluation that may need detailed explanation in the historical site
assessment narrative report to fully support the conclusions. Throughout the review, the
investigator from the authorities and site reviewers should keep in mind the need for
conservative judgments in the absence of definitive proof to avoid underestimating the
presence of contamination, which could lead to an inappropriate historical site assessment
recommendation.

Risk assessment
Introduction

Site remediation activities have to deal with risk assessment, risk management and risk
communication [16]. Risk assessment is used to determine the risk to human health and the
environment, risk management efforts are directed towards control and mitigation of the
potential long term risks of residual contamination, and risk communication actions are used
to convey information to affected current and future stakeholders.

- Environmental risk assessment

Environmental risk assessment is based on the source-pathway-receptor relationship
and allows a prediction of the effects on the environment and human health over time
to be made. Environmental risk assessment usually takes place prior to any remedial
action in order to determine the levels and types of remediation required. The process
needs to be rerun following the remediation phase so that the longer term risks of any
remaining contamination can be assessed and appropriately managed during
stewardship years.

- Risk management
Three major traditions in sociological analysis of risk have been identified:

(1) A positivist/realist theory of knowledge, with a bureaucratic rationalistic policy
orientation, whereby risk can be measured and mapped, and thus controlled
(within limits), and where failures in risk management are understood as being
due to inadequate knowledge or competence, or to a failure of political will;

(2) A social constructivist theory of knowledge, with a liberal pluralistic approach
to integrating knowledge and action, whereby the understanding of risks is
shaped by history, politics and culture, and risk management requires
negotiation and dialogue to enable the inclusion of different perspectives;

(3) A constructivist theory of knowledge, focusing on the mediation of knowledge
and power (among others), which makes risk analysis a particular discourse,
and which empowers some groups and excludes others.

Current (radiological) risk management strategies as promoted by the International
Commission on Radiological Protection (ICRP) and the International Atomic Energy
Agency (IAEA) fall under model (1) listed above.

The acceptability of residual risks in general is a function of a wide variety of
sociological, economic and political factors. It may vary over time for individuals or
certain groups of individuals. This acceptability typically evolves as a balance
between perceived risk and actual inconvenience imposed by institutional control
measures. Inconvenience here is understood to encompass the restrictions on, for
example, site use imposed. The higher the perceived risk, the more acceptable become
institutional controls.
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The definition of what constitutes a residual risk is subject to scientific developments
and subsequent changes in the regulatory systems. A stewardship programme may
have to include provisions for accommodating such changes in the regulatory system.
While the legal framework usually ensures that the envisaged objectives do not
change, the regulator may deem it necessary to reassess risks. Such reassessment may
result in changes to the institutional control measures that in turn require changes in
the stewardship arrangements. Therefore, a mechanism should be available for
providing (additional) resources.

The need for remediation and the judgement about acceptable residual contamination
levels are usually driven by society’s perception of the balance between the costs of
measures and the benefits obtained. There is a certain ‘window’ for decision making,
bound by minimum required benefits and maximum allowable expenditure.
Expenditures for lowering residual risks typically increase in an exponential or similar
way. This is captured in the requirement to optimise radiation protection measures.

As an example, the conceptual framework for long term stewardship can be
represented on a scale (Figure 2.8). On the left hand side of the scale, a series of
weights represent the hazard associated with residual contamination. On the right hand
side of the scale, a series of weights represent technical, institutional and societal
factors.
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Figure 2.8 Conceptual framework for site remediation activities

Technical factors may include, among others:

. Monitoring and surveillance;
. Verification and validation of predictive models for the fate and transport of
contamination;

Development of durable engineered protective measures.

Institutional factors may include, among others:
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Safety assessments;

. Development of an action plan with contingencies;
Development of durable institutional controls;
Reliable funding mechanisms;

Records and information management.

Societal issues may include, among others:
Risk perceptions;

Public values;
. Stakeholder involvement.

When the scale is in balance then human health and the environment are considered to
be protected to a level agreed by the stakeholders - for the present and in the future.
The aim of long term stewardship for example is to ensure that the scale is kept in
balance. Thus with time, if the level of hazard falls due to radioactive decay or natural
attenuation, then less weight may need to be added to the right hand side of the scale
in Figure 2.8. This may allow the site to reach an interim end state such that less
restrictive land uses may be allowed while still maintaining protection of human
health and the environment.

Conversely, if the hazard remains the same but there is a partial failure of, for
example, a containment system, then further ‘weights’ need to be added to the right
hand side in order to maintain protection of human health and the environment. These
additional weights are likely to involve a technical or institutional solution - for the
former this could be an engineering intervention to restore the required level of
containment, whilst for the latter this might involve further restrictions on land use.

Each of the weights on the right hand side inevitably has an associated cost.
Optimisation of a long term stewardship programme for example involves balancing
these costs against the benefits of the actions required to contain the hazard and to
retain an appropriate level of protection of human health and the environment.

- Risk communication

Environmental risk assessment is sometimes viewed by the non-scientific community
with suspicion, and terms such as ‘black box syndrome’ are quite often used. It is
important, therefore, for scientists to be able to communicate the rationale and benefits
behind undertaking environmental risk assessments as well as the results themselves.

Assessments of reuse options for radioactively contaminated land

Considering the assessment of options for the remediation of radioactively contaminated
sites and/or groundwater, a set of potentially relevant assessment endpoints may include:
radionuclide contamination levels, risks to the health of biota, radionuclide intakes of people
and the individual risks, collective doses and a number of health effects associated with those
intakes, all as a function of time and space during and after the implementation of the
management option [17]. It may be sufficient to assess a subset of these assessment
endpoints, depending on the nature of the contamination, the land concerned and the options
under consideration and on how the results of the assessment are to be used in characterising
options on their attributes.

The time frame for the assessment will depend on the management option and on the
radionuclides involved. It is unlikely to be shorter than a hundred years, because of the
radioactive half-lives of most of the radionuclides of concern on nuclear and defence sites. It
is also unlikely to be as long as thousands of years, because in most cases none of the
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management options being compared will leave land in a contaminated state for thousands of
years or more.

Risk assessment approaches

Two methods for calculating adverse health effects associated with radiation exposure may
be distinguished [18]:

- Dose assessment - where a dose is calculated by multiplying a dose conversion factor
(expressed in terms of unit dose/unit intake) for a given radionuclide by the total
intake/exposure to that radionuclide (i.e., ingestion, inhalation, or external exposure).
The calculated dose can also be multiplied by a probability coefficient to arrive at a
risk value.

This dose approach originated with the need to protect workers and the public from
ongoing nuclear operations. Since dose can be directly measured in the workplace,
while cancer risk cannot, it was natural to adopt the dose approach. ICRP methods are
based on a “safe dose” below which the exposure to radioactivity is protective of
workers and the exposed public. When criteria for license termination have been
developed, the dose approach was extended to cover clean-up. Clean-up levels were
derived using dose conversion factors to back-calculate radionuclide concentrations
(activity per mass) corresponding to a target dose. While ongoing doses can be
directly measured, future doses to the public must be modelled.

- Risk assessment (cancer slope factor approach) - where risk is calculated directly by
assigning a unit of risk for every unit of exposure (i.e., probability of adverse
effect/uSv), and multiplying by the total exposure.

The clean-up of radioactively contaminated sites was approached from the perspective
of having studied many cancer-causing chemicals. Future risks were expressed in
terms of excess cancer probabilities. This method was extended to radionuclides, and
an external radiation pathway was added. Low-level exposure to radionuclides can
result in non-carcinogenic risk and well as carcinogenic risk. However, in evaluating
exposure to radioactive materials at contaminated sites, only carcinogenic risk is
considered for most radionuclides. The non-carcinogenic health effects associated
with exposure to ionizing radiation include mutagenic, teratogenic, and acute toxicity
effects. These effects are generally less significant for doses associated with
environmental exposures. Therefore, carcinogenic risk is considered to be a sufficient
basis for assessing radiation related to human health risk at sites.

The two methods both require exposures to be modelled. Using site conceptual models and
exposure scenarios, the pathways by which radiation can affect the body are determined.
These are external exposure, inhalation, direct ingestion of soil, ingestion of contaminated
food (plant, meat, milk, or aquatic), and ingestion of drinking water. Using appropriate
transfer equations, the quantity of external gamma exposure or intake of internal
radionuclides is calculated over a period of time.

Dose assessment approach

The dose approach is based on an annual exposure to radiation. “Dose” generally refers to
the Effective Dose Equivalent (EDE), a unit of measure to normalize radiation doses by
considering the adverse effects on a total body basis for the purpose of regulation of
occupational exposure. The Effective Dose Equivalent is derived by multiplying a Dose
Conversion Factor (DCF) for a given radionuclide by the unit intake of exposure to that
radionuclide (i.e., ingestion, inhalation, or external exposure). For instance, the standard
equation for an inhalation pathway is:

Annual Dose (inhalation pathway) = (DCF) x (radionuclide concentration in air) x
(breathing rate) x (exposure duration)
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Dose Conversion Factors are defined by the International Commission on Radiological
Protection (ICRP) and expressed as dose per unit exposure. Most workplace standards are
based on DCFs in ICRP Publication 30 [19]. The newer DCFs in ICRP Publication 72 are
based on additional scientific data [20]. They are more applicable to the general public,
correspond to current cancer slope factors and put more emphasis on the ingestion pathway
at the expense of the inhalation pathway.

Each radionuclide has a unique DCF and therefore produces different doses. A total dose is
the sum of doses from all applicable pathways (ingestion of contaminated soil, water, and
plants; inhalation; and external exposure).

Most health physicists are concerned with radiological doses and do not calculate the risk
associated with a given dose. They compare the dose to an appropriate dose-based standard,
e.g., | mSv/year for public exposure or 50 mSv/year for occupational exposure.

The risk associated with a given dose can be calculated using a probability coefficient.
According to the 71990 Recommendations of the ICRP, the probability coefficient from fatal
cancers, non-fatal cancers, and severe hereditary effects is 7.3 x 10%/Sv [21]. This risk
coefficient is based on low, linear energy transfer (LET) (gamma) radiation (clearly not
appropriate for some radionuclides) and considers all cancers. As a result, the risk from a
given dose may be calculated as:

Risk = (total dose) x (probability coefficient in risk/unit dose)
Cancer slope factor approach

The evaluation of risks to human health and the environment from exposure to radioactive
substances at sites has been documented in Risk Assessment Guidance for Superfund
(RAGS): Part A (EPA, 1989) [22]. The RAGS methodology provides the framework for
assessing baseline risks, developing and refining preliminary remediation goals, and
evaluating risks associated with various remedial action alternatives. Only cancer risks are
considered for most radionuclides; for uranium, non-cancer toxicity hazards are also
considered. These methods are confirmed and extended in the document Soil Screening
Guidance for Radionuclides (EPA, 2000) [23]. The soil screening levels are not clean-up
goals but are risk-based concentrations associated with 10 risk level, below which the sites
do not require further attention.

The risks to potentially exposed human receptors is computed as the product of the estimated
lifetime intake or external exposure for a contaminant of concern times a measure of the
likelihood of incremental cancer induction per unit exposure for that contaminant, termed the
“slope factor.” A slope factor is similar to a dose conversion factor, but instead of assigning
a unit dose for every unit of exposure (i.e., uSv/Bq), a unit of risk is assigned for every unit
of exposure (i.e., probability of adverse effect/Bq). The slope factor is an estimate of the
probability of a response, i.e., the probability of an individual developing cancer per unit
intake of, or external exposure to, a carcinogen over a lifetime. The slope factor multiplied
by an estimate of the total lifetime exposure is used to estimate the probability of an
individual developing cancer as a result of that exposure. For instance, the standard equation
for an inhalation pathway is

Risk (inhalation pathway) = (inhalation slope factor) x (radionuclide concentration in air)
x (breathing rate) x (exposure duration).

Calculating risk directly in this way yields a lower result than calculating risk using the dose
conversion method.

Slope factors have been calculated for most radionuclides, and - just as different
radionuclides have different DCFs - different radionuclides generally have different slope
factors. The slope factors also vary depending on the exposure route. Therefore, risk
associated with inhaling 37 Bq of uranium is different from that of inhaling 37 Bq of cesium.
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Also, the risk associated with inhaling 37 Bq of radium is different from that of ingesting 37
Bq of radium via drinking water.

Federal Guidance Report No. 13 (EPA, 1999) provides updated and improved radiation risk
coefficients for cancer incidence and mortality [24]. These updated risk coefficients are the
basis for new slope factors in the Health Effects Assessment Summary Tables (HEAST)

(EPA, 2001) [25].

Comparison of radiation risk assessment approaches

Traditionally, impacts from exposure to radioactive materials have been expressed in terms
of dose. Most radiation protection standards and requirements are specified in terms of a
radiation dose limit (e.g., mSv/year).

Table 2.4 Comparison of radiation risk estimation methodologies

Parameter

Risk Assessment

Dose Assessment

Competing risks

Persons dying from competing causes of
death (e.g., disease, accident) are not
considered susceptible to radiation-induced
cancer. Probability of dying at a particular age
from competing risks is considered based on
the mortality rate from all causes at that age in
the 1979-81 U.S. population.

Competing risks are not considered explicitly.

Risk models

Age-dependent and sex-dependent risk
models for 14 cancer sites are considered
individually and integrated into the slope
factor estimate.

Separate dose conversion factors for infants,
children, and adults. Annual dose requires
that infants and children be considered
separately.

Genetic risk

Genetic risk is not considered in the slope
factor estimate.

Effective dose equivalent value includes
genetic risk component.

Dose estimate

Low-LET and high-LET dose estimates
considered separately for each target organ.

Dose equivalent includes both low-LET and
high-LET radiation multiplied by appropriate
relative biological effectiveness (RBE) factors
(see below).

Relative biological
effectiveness (RBE)
for alpha radiation

20 for most sites (8 prior to 1994) 10 for
breast (8 prior to 1994) 1 for leukemia (1.117
prior to 1994).

20 (all sites).

Organs considered

Estimates of absorbed dose to 16 target
organs/tissues considered for 13 specific
cancer sites plus residual cancers.

Effective dose equivalent ICRP 1979
considers dose estimates to 6 specified target
organs plus remainder (weighted average of 5
other organs). Effective dose ICRP 1991
considers dose estimates to 12 specified target
organs plus remainder (average of 10 other
organs).

Lung dose definition

Absorbed dose used to estimate lung cancer
risk computed as weighted sum of dose to
tracheobronchial region (80%) and pulmonary
lung (20%).

Average dose to total lung (mass-weighted
sum of nasopharyngeal, tracheobronchial, and
pulmonary regions).

Integration period

Variable length (depending on organ-specific
risk models and considerations of competing
risks) not to exceed 110 years.

Fixed integration period of 50 years typically
considered.

Domestic/metabolic  |Metabolic model parameters for dose Typically employ ICRP 1979 and ICRP 1991

models estimates generally follow ICRP 1979 models and parameters for radionuclide
recommendations; exceptions include uptake, distribution, and retention.
transuranic radionuclides.

Standards Expressed as a target risk of lifetime excess |Generally expressed as an annual dose limit.

cancer incidence.
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Prior to the development of radionuclide slope factors, cancer risk from radiation exposure
was traditionally estimated by multiplying the radiation dose, computed using the DCFs, by
an estimate of the cancer risk per unit dose, which is averaged over all organs and tissues.
The magnitude of discrepancy in the two methods depends on the particular radionuclide and
exposure pathways for the site-specific conditions. These differences may be attributed to
factors such as the consideration of competing mortality risks and age-dependent radiation
risk models in the development of slope factors, different distribution of relative weights
assigned to individual organ risks in the two methods, and differences in dosimetric and
toxicological assumptions. A comparison between the bases of the two methods is
summarized in Table 2.4 [26], [27].

Considering the foregoing evaluations, it should be recognised that there are uncertainties in
the dose to risk relationship [17]. Therefore, risks should be calculated on the basis of best
current information, using central values, with no bias towards conservatism or pessimism.

In assessing potential risks from implementing alternative options, differing views of the best
current information may be taken into account when forming a preliminary view on the
significance of the source term and should be examined in sensitivity analyses. Alternative
views may in some cases lead to results that differ by orders of magnitude. However, a
complete assessment of options would include, for example, assessment of the impacts of
disposing of soil removed from a site as an element to balance against the reduction of risk
on-site. Since the same views on radiation risks would apply to the assessment of all risks
on- and off-site, the range of final decisions might not be so large.

The risk assessment process; preliminary investigation

A practical way forward in the assessment may be implemented based on a source, pathway,
receptor approach [17]. This approach takes note that any harm arising from remaining
contamination (the source), arises due to transfer (via various pathways) to those media
including humans in which the harm may be expressed (receptors). It is consistent with the
process of identification of hazards, the subsequent assessment of these hazards to estimate
the risks and finally the evaluation of those risks. It also reflects a tiered approach to
evaluation of the problem, so that the level of resources applied can be proportionate to the
scale of the problem. If it reveals an unacceptable risk, the risk assessment process will feed
into the options appraisal stage which then results in the implementation of a remediation
strategy.

Establishing a preliminary view of the significance of the source term

This phase should begin with identification of the relevant contamination source term in
terms of the activity levels of the main radionuclides, their physico-chemical forms, the size
and activity of any particles present, and their spatial distribution over and under the land
concerned, and an early view of the immediate near surface litho-stratigraphy of the site.
This information will be available from site characterisation. The levels are then compared
with those published for other purposes, in order to gain a preliminary view of the order of
magnitude of potential committed effective doses to individual people. If doses seem likely
to be of the order of microsievert then a simple assessment may be sufficient. If doses are of
the order of hundreds of microsieverts or more, then much more detail will be needed.

It is also necessary in this phase to consider scientific uncertainties and stakeholder views. It
would be unwise to conclude that levels of a particular radionuclide are of little significance,
and to pay little attention to them in assessments, if recent evidence has called into question
the scientific basis for the judgement of significance. Similarly, it is sensible to take into
account stakeholder concerns about particular radionuclides, and particular physico-chemical
forms of radionuclides, when judging source term significance and establishing an
assessment methodology.
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In addition, it should be noted that remediation work may result in a requirement to transport
waste and to dispose of it elsewhere. This results in a need to consider the significance of a
potentially wide range of issues marginal to the site being considered.

System description

In this phase, the features of the site and its environment should be defined. Relevant
features should include soil type and land cover, surface and subsurface groundwater bodies,
and the current land use. The amount of detail required will be influenced by the significance
of the source term.

The system description needs to be understood sufficiently broadly to address all the
environmental and human health risk endpoints of potential interest. Apart from radiation
risks to exposed people, adequate emphasis should be given to protection of media.

Selection of exposure scenarios

In this phase scenarios should be developed, i.e. simple descriptions, for the evolution of the
source term within the described system according to the assumed future land use associated
with each option under evaluation. These descriptions should include:

- Controls over land use;
- Assumptions for land use;
- Processes likely to results in migration and accumulation of radionuclides;

- Processes likely to give rise to radiation exposure of people and non-human biota as a
result of the presence, or migration and accumulation of radionuclides.

The concept of pollutant linkage from a source, via a pathway, to a receptor, applicable in
the context of non radioactive contaminated land, has an equivalent approach in dealing with
radioactively contaminated land. There can be a radiological impact from the contamination
only if there is a source, pathway and receptor. The receptor will usually be a representative
member of an exposed population receiving the highest dose, often termed the critical group.
In reality pathways can be very complicated and may need to consider the impact of
radioactive decay and in-growth of daughter radionuclides.

Modes of radiation exposure considered could include:

- Ingestion of radioactively contaminated materials, including dust, aerosols, soil,
foodstuffs and drinking water;

- Inhalation of radioactively contaminated materials, including dust, aerosols and soil;
- External irradiation from contaminated soils and other materials; and
- Contact with contaminated materials.

As local people may be aware of local conditions, such possibilities should take into account
local advice.

The key issue is to identify the more significant mechanisms by which people and other biota
could come into contact with the more significant levels of radionuclides. Scenarios should
include likely as well as unlikely events and processes.

In any remediation project, selecting appropriate current and future land use scenarios is a
critical step in calculating clean-up levels [18]. Scenarios are descriptions of various
lifestyles and activity patterns that approximate an individual’s exposure to contaminants in
environmental media. Conceptual site models display the exposure pathways inherent in a
scenario and are useful tools to convey which pathways are reasonable and complete, i.e.,
capable of transferring harmful effects from radionuclides in surface soil to exposed
individuals. By developing conceptual site models, it is possible to estimate representative
modes of exposure for target populations, allowing those exposures to be quantified.
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Depending on the regulatory framework, a reasonable maximum exposure of the average
member of the critical group should be defined based on current land use as a starting point
for establishing exposure scenarios. Alternative future land uses may be considered if they
seem possible or likely based on available information and professional judgment. It should
not be necessary to assume catastrophic events, but rather reasonable land uses and human
activities and that the current physical characteristics (i.e., important surface features, soils,
geology, hydrogeology, meteorology, and ecology) will exist at the site for the next 1,000
years

Generally, clean-up based on a residential scenario (suburban resident, rural resident,
resident farmer, or rancher) will allow unrestricted use of a site. Choosing a less conservative
scenario may invoke institutional controls and inherent long-term stewardship issues. The
considerable difference in half-lives among various radionuclides is an important
consideration in deciding whether long-term controls are feasible and therefore may affect
exposure scenario selection.

Developing/selecting and applying assessment models and data

Mathematical models are used to approximate human and ecological exposure at a site [18].
The basic equations used to assess health effects due to radiological exposure are relatively
straightforward and can be computed with a hand calculator or a spreadsheet. These
equations generally sum the exposure from the ingestion, inhalation, and external irradiation
pathways, each of which has an intake or source term, an exposure period, and either a dose
conversion factor or a cancer slope factor. Modifying factors can be added, which adjust
exposure periods and account for fate and transport of radionuclides in the environment.
These factors may add considerably to the number of interacting terms and therefore to the
complexity of the calculations.

The models are normally developed in stages, including a conceptual description, a
mathematical representation of that description and the selection of data for the mathematical
models [17]. In general, new models will not be required; rather, based on the output of
previous phases and the choice of endpoints, models can be chosen from the literature.
Furthermore, many models can be implemented on spreadsheets and do not require
sophisticated techniques or software.

The assessment process typically involves some iteration. For example, suitable data may
not be available for the initial choice of model, or some variant exposure pathway which is
locally relevant may have been identified, and so a variation in the model may be
appropriate. Any such developments should be transparently documented and justified.
Preliminary results may be used to identify the more significant impacts and hence guide
assessment iterations.

In the case of more significant contamination it may be appropriate to apply more
sophisticated models, e.g. for the long-term migration of contamination through the ground.
Several multimedia/multiple-pathway computer models have been developed to handle these
more complex calculations [18]:

- RESRAD family of codes (DOE-Argonne National Laboratory);

- MEPAS (Multimedia Environmental Pollutant Assessment Systems)/-
GENII/FRAMES/SUM3 set of codes (Pacific Northwest Laboratories);

- MMSOILS (EPA);

- DandD (NRC);

- Presto-EPA-CPG (EPA);
- PATHRAE-EPA (EPA).

Computer codes can be evaluated or compared through processes known as “benchmarking,”
“verification,” and “validation.” Benchmarking compares the results from several different
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computer codes using the same set of problems. Verification is the procedure that tests for
internal mathematical consistency and accuracy. Validation is the process that tests a
mathematical model against actual field measurements.

Several criteria can be considered during the computer code selection process:
- Does the code incorporate key processes from the conceptual site model?
- Does the code satisfy study objectives?

- Has the code been verified using published analytical equations in scientific and
technical journals?

- Has the code been validated against known site conditions?

- Does the code have the capability of inputting probabilistic analyses?
- Is the code well documented?

- Is the model available in the public domain?

While models are extensively used in risk assessment, the selection and interpretation of
results need close examination. Relying excessively on models in the context of waste
disposal and site contamination issues should be considered with care, taking into account
that:

- Existing major differences between models may be due to differing objectives - where
the capabilities of the models overlap, such differences may be due to the formulation
of transport components.

- Spreadsheets (or pen-and-pencil calculations) are much more flexible than computer
models. The effect of using a computer programme rather than a spreadsheet to
implement the risk assessment may be that the assumptions that most need review are
hidden where they are not accessible.

- Deterministic models are unable to account for uncertainties in input data and
therefore yield outputs (such as contaminant concentrations, exposure doses and risks)
of unknown reliability.

- The principle of parsimony should be used to differentiate between alternative
operational models. This principle states that among all operational models that can be
used to explain a given set of experimental data, this model should be selected that is
conceptually least complex and involves the smallest number of unknown (fitting)
parameters.

- Models are appropriate, often essential, tools for risk assessment and decision-making
concerning clean-up and management of contaminated or potentially contaminated
sites. However, it is inappropriate to use models as “black boxes” without tailoring
them to site conditions and basing them firmly on-site data. Neither disregard of
models nor overreliance on them is desirable.

- The environment constitutes a complex system that can be described neither with
perfect accuracy nor with complete certainty. It is imperative that uncertainties in
system conceptualisation and model parameters and inputs be properly assessed and
translated into corresponding uncertainties in risk and decisions concerning risk
management. The quantification of uncertainties requires a statistically meaningful
amount of quality site data. Where sufficient site data are not obtainable, uncertainty
must be assessed through a rigorous critical review and sensitivity analyses.

- Models and their applications must be transparent to avoid hidden assumptions. Model
results must not be accepted at face value, because hidden assumptions are easily
manipulated to achieve desired outcomes.

- Decisions concerning site disposition and risk management should account explicitly
and realistically for lack of information and uncertainty.
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2.54.6

- The monitoring of site conditions and contamination is an imperfect art. It is important
that uncertainty associated with monitoring results be assessed a priori and factored
explicitly into site remedial design and post-closure management.

Selecting input parameters

Many of the key parameters used in calculating clean-up levels are bounded within certain
ranges once an exposure scenario is established. For example, typical exposure periods and
breathing and ingestion rates for various scenarios have been determined for use in risk or
dose calculations. In some cases, especially for sensitive parameters, distributions may be
available and used in place of discrete values. Using distributions enables the entire range of
possible values to be considered for a parameter and helps to account for the uncertainty and
variability inherent in parameter selection. Relatively few input parameters used in computer
codes or risk equations have significant influence on the resultant clean-up level. These
include inhalation rate, dose conversion factors, soil ingestion rate, mass loading for
inhalation, and others.

When assessing human exposure, input parameters should be selected so that the
combination of all intake variables results in an estimate of the “reasonable maximum
exposure” expected to occur at a site for a given scenario. Exposure is mainly addressed in
terms of the “average member of the critical group,” which means “the group of individuals
reasonably expected to receive the greatest exposure to residual radioactivity for any
applicable set of circumstances.”

Behavioural parameters are generally determined, or at least bounded, by the selected
exposure scenario. Physical parameters are determined by measurements at or near a
particular site, if available. Site-specific values should always be used whenever possible.
Differences in physical settings from site to site, or between site-specific and default values,
account for some of the variations in calculated risk levels.

Selecting clean-up goals

In a risk assessment process, dose-based and/or risk-based values are calculated. In a
subsequent risk management process, clean-up goals are established using calculated soil
concentrations as a basis.

Various terms are used, sometimes interchangeably, to describe numbers that guide remedial
actions at radioactively contaminated sites, such as “action levels,” “ALARA goal levels,”
“allowable residual soil concentrations,” “clean-up levels,” “clean-up standards,” “derived
concentration guideline levels,” “guideline concentrations,” “remedial goal options,”
“remedial goals,” “remediation levels,” “risk-based concentrations,” “soil clean-up
concentrations,” and “soil clean-up criteria.” Clean-up levels from site to site, or even at a
single site, cannot be compared without knowing their purpose, how they were derived, and
how they will be applied.

99 ¢c

An “action level” may refer to the existence of a contaminant concentration in the
environment high enough to warrant action or trigger a response such as removal, treatment,
containment, stabilization, or institutionally controlling exposure.

“Derived concentration guideline levels” may be examples of specific investigation levels
derived by converting dose or risk from a release criterion into concentration or activity
levels that are directly measurable.

“Preliminary remediation goals” may be the initial remedial guidelines usually developed
early in the remediation phase to provide risk-reduction targets. Numerical “preliminary
remediation goals” for radionuclides are typically based on the upper-bound carcinogenic
risk of one in a million (10°®). Until the final remedy is selected and documented,
“preliminary remediation goals” constitute initial guidelines, not final cleanup goals.
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“Remediation goals” may be media-specific clean-up goals for a selected remedial action.
Numerical “remediation goals”, which are part of the remedial action objectives, can be
based on existing standards or on risk calculations. These two criteria are the “threshold
criteria” for evaluating both remedial alternatives and remedial action objectives.

As risk-based “preliminary remediation goals” do not necessarily represent realistic exposure
and risk, those numbers may not be appropriate clean-up levels. “Preliminary remediation
goals” can be proportionally adjusted upward to become “remediation goals” using a level
higher in the acceptable carcinogenic risk range to account for the conservatism inherent in
the “preliminary remediation goals”. Other factors related to technical limitations (e.g.,
detection or quantification limits) can also be applied. In addition, the “balancing criteria”
and the “modifying criteria” for analysing remedial alternatives, such as cost and state and
community acceptance, should also be considered. In some cases, “remediation goals” may
be adjusted downward to account for multiple radionuclides or co-occurring non-
radionuclide chemicals. Final “remediation goals” should be documented as radionuclide-
specific “remediation levels” or as qualitative definition of the risk-reduction clean-up
objective to be achieved for the non-numerical “remediation goals”.

A specific approach for the implementation of remediation criteria has been discussed in
Section 2.2.2.3, Definition of a remediation process, initial decision making, based on the
form of the reference levels indicated in Table 2.1.

Application of clean-up goals

Once a clean-up level has been established, differences may still remain in how the value is
applied. The application of a clean-up level, whether risk- or dose-based, should be tied in
some way to characterisation data points. The location and density of these data points may
be determined by a variety of characterisation sampling schemes:

- Biased sampling - locations where process knowledge, limited analytical data, visible
staining, topography, vegetation, etc. suggest the possibility of contamination.

- Standard statistical sampling - a regular, systematic plot of locations on sites of little
or no data; triangular grids and protocols for determining appropriate grid spacing may
have to be recommended.

- Geostatistical sampling - an iterative process based on the remediation of a
contaminated site to a required clean-up level at a specified level of confidence;
sampling results are used to determine the optimal number and locations of samples to
be collected in the next iteration, if necessary.

If multiple radionuclides are present in the environment, the sum-of-ratios (or sum-of-
fractions) method should be used to account for the contribution of each single isotope
towards the dose- or risk-based limit. Measured values of all radionuclides present should be
compared to clean-up levels by dividing the measured value of each radionuclide by its
respective clean-up level, then adding the ratios. If the sum of the individual ratios is greater
than 1, then the limit is considered to be exceeded:

_ < G (pCilg)
i‘.' CG, (pCi/g)

=1

Sum —gf — Raties

where:
C; = soil concentration of radionuclide j,
CG; = clean-up goal for radionuclide j.

Exceedances of clean-up levels may be determined by comparing those levels to
aggregations of sampling data over specified areas of concern or exposure units. Clean-up
criteria at most sites may also include hot-spot methodologies, which will require evaluation
of small areas of elevated sample results within larger areas, which have been determined to
require no further remedial action. These hot spot methodologies usually incorporate an area-
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weighted factor, which - when applied to clean-up levels - provides an upper limit on the
amount of activity that can be left in these small isolated spots.

Setting more restrictive clean-up levels will necessarily lead to more clean-up at a higher
cost, but for specific projects at some sites, those increased costs may be incrementally small
or may reduce long-term stewardship costs.

Sensitivity analysis and risk management

In most cases a sensitivity analysis should be carried out to address variations in assumptions
and parameter values, and perhaps models [17]. The analysis could be quantitative or semi-
quantitative, and need not involve complex calculations. The aim should be to produce a
range of results so that it can be seen whether the comparison of options has a different
outcome if very different assumptions and parameter values are used in estimating risks.

Recommendations for practical application of modelling in a remediation process

As indicated before, the overall objective of modelling is to provide the basis for making
well-founded decisions on possible contaminated sites and/or groundwater remedial actions.
It is generally used to complement other decision making processes. Modelling can be used
to develop and support [9]:

- Understanding of the role and behaviour of the hydrologic system;
- Understanding of the pathway(s);

- Assessment of contaminant transport and geochemical processes;
- Evaluation of health risks, with and without corrective actions;

- Evaluation of remediation techniques, including their effectiveness and cost benefits;
and

- Evaluation and prediction of post remediation or long term results.

Figure 2.9 shows the general principles of model application to remedial analyses and
design.
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Figure 2.9 General principles of model application to remedial analysis and design

Modelling can also be used as a management tool to organise and prioritise data collection;
to analyse results and make predictions; and to assist analysts in the improvement of their
understanding of the factors controlling groundwater flow and contamination migration and
transport.
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An important application of modelling is to assess long-term transport and fate of
contaminants in hydro-geological environment, and to predict concentrations of
contaminants at exposure points, in order to evaluate health-risk bases for remedial actions.
Once contaminant concentrations at receptors (i.e., in contact with the affected population)
are assessed, the next step is to calculate doses/risks from exposure to contaminated water.
This may be accomplished using relevant risk assessment methodologies, ranging in
complexity from simple concentration-dose conversion factors to more sophisticated
approaches.

Other applications include: evaluating the expected performance of remedial actions;
elucidating the control of specific processes on groundwater systems and contaminant
behaviour (sensitivity analysis); and the indirect estimation of hydro-geological and
geochemical parameters using historical observation data.

Stepwise implementation of the modelling process

Modelling should be seen as an evolving, iterative process which reflects the development
and understanding of the site, and is flexible enough to continuously incorporate new data.
Modelling of a pathway may typically involve following steps:

- Clear definition of modelling objectives;
- Development of conceptual model(s) of the hydro-geological system;

- Compiling/assembling of hydro-geological and geochemical data (which may involve
a simplified level of modelling, e.g. determination of hydraulic conductivity from
aquifer pumping tests would typically involve ‘type curve’ matching);

- Formulation of mathematical model(s) of groundwater flow and contaminant transport
processes;

- Selection or development of appropriate analytical/numerical model(s);
- Calibrating model(s) using field observations and data;

- Applying the model(s) in a predictive manner; and

- Comparing predictions against observations.

The above list implicitly assumes feedback loops, i.e., many of the steps have to be repeated
as new information and data are collected.

The objectives of the modelling process should be clearly defined. They should reflect the
ultimate goal of remediation, but may reflect intermediate goals as well.

A conceptual model is a hypothesis or representation as to how a system or process is
estimated to operate. Before a meaningful model may be developed, a sufficient
understanding of the site is required. The physical processes controlling groundwater flow
and transport should be identified which will largely rely on professional judgment.
Therefore, it is important that the analyst has a good understanding of the basic hydro-
geologic, physical, and geochemical processes. The mathematical model should describe
relationships between parameters and the governing processes. The selection of a numerical
model should encompass both the conceptual model and the corresponding mathematical
description of the system. The types of software used to embody the mathematical
description generally reflect the objectives of the modelling, the available data, the
experience of the modeller, and the available computational facilities. Relatively simple
models may be used in the early or planning phase of remedial design. As more data become
available through site characterisation, and a better understanding of the hydro-geological
system is developed, more sophisticated, data intensive models may be utilized.

Parameters used in numerical models may be derived from a combination of site specific
data, relevant published literature, historical information, and expert judgment. The
predictive capacity of a model will depend on adequate input parameters. The general
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practice should be to refine estimates of uncertain parameters for the purpose of model
calibration to match observed, actual data as they are obtained. Confidence should be built in
the parameter estimates, to the degree possible, using data from laboratory and field studies.
This empirical information is crucial for calibrating and refining the model and making it a
useful tool for application in remediation system design and performance optimisation.

Advances in modelling techniques and computing power have resulted in sophisticated
models and complex approaches to the evaluation of the pathway. Model assumptions, input
parameters and modelling results should be systematically documented, both for quality
assurance purposes and for clear presentation to decision makers and other interested parties.

Modelling techniques and approaches

The selection of the modelling approach to a given contamination problem should reflect
both the objectives and the particular phase of the assessment and remediation process. Two
general modelling approaches may be adopted:

- Analytical solutions; or
- Numerical solutions.

Analytical solutions are useful in the preliminary assessment of the hydro-geological system
in the absence of significant amounts of data. The advantages of analytical solutions, i.e.,
solutions described by explicit analytical formulas, are simplicity and computational
efficacy. The general shortcoming of analytical models is their simplistic representation of
the hydro-geological system, e.g., rather simple assumptions of homogeneity of subsurface
environment, steady state flow, one-dimensional transport, etc. may be used. Because of the
screening application to which model predictions may be fit, and the fairly simple input data
requirements, the analytical approach is often most suitable in the scoping phase of remedial
assessment. There are two major types of numerical modelling methods: the finite difference
method and the finite element method. Both methods are powerful modelling techniques,
used to solve groundwater flow and contaminant transport problems in complex flow
geometries. The finite difference method is more conceptually straightforward and
physically based; however, the finite element method has proven to have greater flexibility
in treatment of a complex geometry.

For modelling to be used with confidence in detailed assessment of remedial analysis
requires significant quantities of site specific data. There are a number of methods used to
model groundwater flow and contaminant transport. When interpreting the groundwater flow
path, particle tracking methods are often used; these can give useful information concerning
the travel time to receptors, i.e., the affected population, and the effectiveness of a hydraulic
containment scheme. Advanced modelling approaches are based on combining solute
transport codes with geochemical thermodynamic models for predicting the speciation of
contaminants. However, this is still an area of active research and not really a well
established modelling technique. Significant progress has been made in modelling of two
and three dimensional saturated and unsaturated flow in porous and fractured geological
media. More efficient numerical techniques and significant advances in computing power
have opened up opportunities to increase the complexity of modelling; however, this
complexity must be justified.

Off-the-shelf groundwater flow and contaminant transport software usually incorporate the
processes of advection, diffusion, dispersion, equilibrium sorption, and radioactive decay.
These may be steady-state or transient. Pertinent modelling areas of active research include
the flow in fractured media; multiphase flow; multi-species flow with chemical interactions;
kinetically limited sorption/de-sorption processes; colloidal transport and the facilitated
transport of complexes. Assessment of these processes may require development of research-
level models and software, and generally requires a high level of scientific expertise of the
modeller.
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2.5.5.3 Information requirements for modelling

Examples of information requirements for a conceptual model are [10]:
- Source characteristics:
Timing and duration of contamination;

Mechanisms of contamination: e.g., fallout from stack discharge, leaking drain,
spillage during transport;

Physical, chemical and radiological properties of contaminants;

Vertical and lateral extent of source, including discussion of any barriers or
preferential pathways;

- Pathway characteristics (air, soil, and water):
Pathway length (distance to receptor);

Pathway characteristics and processes (physical, chemical and biological) that
will affect the rate of migration and contamination concentrations;

Temporal changes in the pathway;

Potential for transfer between environmental compartments, e.g., aqueous to
sediment phases or surface soils to airborne dust;

Wind direction, velocity and dust loading;
Presence of burrowing animals;
. Surface water flow patterns and distribution of sub-surface drainage systems;

Expected groundwater flow patterns and travel times to receptors (including
rising groundwater);

Influence of artificial structures facilitating contamination migration, e.g.,
service trenches, drains;

Influence of artificial structures constraining contaminant migration, e.g.,
foundations as barriers;

- Receptor characteristics:
Humans, e.g., construction workers, site workers, on-site public, off-site public;
Specific ecological systems, both on-site and off-site;

. Property in the form of crops, timber, domestic produce, livestock, other owned
or domesticated animals, and wild animals that are subject to shooting or fishing
rights both on-site and off-site;

Property in the form of buildings both on-site and off-site;

. Controlled waters, e.g., surface waters, surface water abstractions, wetlands,
groundwater abstractions, springs, groundwater within aquifers, estuaries and
near shore environments.

2.5.5.4 Parameter uncertainties

Uncertainties are quite inherent in hydro-geological systems. They are present in the
definition and nature of geological boundaries of the site, hydro-geological and geochemical
parameters, and the spatial distribution of contaminants in the subsurface, etc. Parameter
uncertainties may have profound impact on simulation results, and on remedial analysis as a
whole. Therefore, uncertainties require a careful treatment in remedial modelling studies.

There are a number of approaches for dealing with uncertainty in hydro-geological analysis:
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- Conservative approach;
- Deterministic simulation with sensitivity analysis; and
- Geo-statistic simulation.

A conservative approach attempts to set bounds on input model parameters, to establish
bounds on output results, rather than realistically evaluate the behaviour of the simulated
system. An example of this is the so called "worst case" scenario, in which the input
parameters are assigned extreme values to estimate the maximum possible contaminant
concentrations at receptors, i.e., exposure points for the affected population. Conservative
analyses may be justified in the scoping phase of a remedial design. More caution is required
in the detailed remedial assessment as unrealistically conservative impact assessment may
result in unnecessarily high clean-up costs. Remedial assessments should utilise more
sophisticated techniques that properly address the issues of uncertainty.

The deterministic approach uses a base-case simulation (model) with a set of “realistic” or
“best guess” parametric values. This should be complemented by the application of
sensitivity analyses in which the uncertainties in the input parameters can be accounted for in
a systematic way. Sensitivity analyses may be used to determine which of the model
parameters have the greatest impact on the performance of remedial actions. The results of a
sensitivity study may be used to guide the site characterisation activities, including
prioritisation of data collection.

Geo-statistical methods may embody the uncertainty in the input parameters in terms of
probability distribution functions. These uncertainties can be propagated through the Monte
Carlo technique. This approach requires a large number of models to be simulated from
sampled input parameters. The results of Monte Carlo simulations provide confidence
intervals for the possible outcomes of remediation. This can provide an estimate of the
probability that a given remedial action meets the design targets.

Cost-benefit analysis and data worthiness

For choosing preferred (“best”’) management alternatives for hydro-geological projects with
due consideration for the various uncertainties, the decision of remediation alternatives
should be based on economic analysis, taking into account the costs and benefits of each
alternative, and associated risks [Principle 1]. The risk in this case is defined to be the
probability of remedial design failure multiplied by the monetary consequences of failure.
The probability of remedial design failure arises due to uncertainties in the expected
performance of the remediation alternatives. In hydro-geological applications, such
uncertainties and risks are often relatively high.

This cost-benefit methodology involves the coupling of three separate models: (1) a decision
model based on a risk-cost-benefit objective function, (2) a hydro-geological simulation
model, and (3) a parameter uncertainty model. This can be carried out in a Bayesian
framework in which additional site characterisation data and remedial system performance
data can be incorporated.

A feature of this methodology is the ability to assess the worthiness or adequacy of proposed
site characterisation and data collection programmes prior to their actual implementation.
The issue is of particular importance in view of the high costs of data collection at
contaminated sites, which may not be cost-effective. The value of obtaining additional data
(data worthiness or adequacy) may be assessed by comparing the cost of additional data
collection versus the expected value of risk reduction that would be provided by the further
effort.

The risk-cost-benefit analysis enables decision-makers to have a coherent picture of complex
contaminated sites by integrating economical considerations, technical aspects and uncertain
site conditions. It documents the reasoning behind remedial decisions, and may be an
important tool for communication.

98



2.5.5.6

2.6

2.6.1

Limitations of modelling

Limitations of modelling are due particularly to the complexity of the hydro-geological
environment and to a lack of understanding of important physical and chemical processes
that may influence contaminant transport in the subsurface, e.g., transport by colloidal
geochemical properties of natural rocks and soils which may result in preferential flow and
transport processes. It is often impossible to characterise geological heterogeneity on a field
scale with a degree of detail needed for adequate modelling.

In addition, long term predictions may be quite uncertain due to possible future changes in
stresses on the hydro-geological system as a result of natural or anthropogenic factors, e.g.,
climate changes; changes induced by industrial activities; etc. Historical changes in the
hydro-geological system are often not accurately known, which makes it difficult to obtain a
reliable calibration of the model.

Modelling can be most effectively used if it is ‘fit for purpose’ or ‘tailored to need’. In the
early phases of site characterisation and remediation design evaluation, the models are
generally simple and the expectation of their predictive capacity is low. As the conceptual
model and parameters are further developed, confidence in the modelling results will
improve. As a consequence, the uncertainties in the modelling can be better addressed and
more properly estimated. The model assumptions and predictions need to be continuously
checked and refined using observed results, i.e., actual data and measures of remedial system
performance. It is desirable that model predictions are always accompanied by some
indication of their reliability.

Health physics, safety, security, and environmental protection plan

This guidance deals with aspects of health physics and safety, security, and environmental
protection on all types of radioactively contaminated sites, e.g., nuclear-licensed - nuclear
power plants or NORM industry - sites, defense sites, etc.

One of the key aspects of health physics and safety, security, and environmental
management on operational nuclear-licensed sites is that the site operator has clearly
specified site procedures, which must be followed by all contractors as well as by employees
of the licensee. These procedures should cover many issues of relevance to contaminated
land investigations, such as excavation and waste management.

It should be noted that site procedures will differ from licensee to licensee, and may differ
between sites operated by an individual license and should be depending on the complexity
of the site license. It is essential that all parties understand the requirements of the site
procedures before any work is undertaken.

For all nuclear-licensed sites, the operator retains ultimate responsibility for all health, safety
and environment issues. Thus, it is to be expected that the licensee will manage contractors
more closely than would be expected on a conventional contaminated site.

In contrast to nuclear-licensed sites, defense sites and some industrial sites have not always
extensive site procedures relevant to the investigation of contaminated land. Defense
procedures are more concerned with security and conventional safety. Industrial sites are
mainly concerned with conventional safety and site access.

It should be noted that compliance with security procedures is a requirement for contractors
and that compliance may have an effect on planned project programmes. Contractors may be
permitted to work to their own safety procedures after they have been reviewed and
approved by the defense staff.

Health physics and safety

Consistent with the approach for any operation, activities associated with the radiological
surveys should be planned and monitored to assure the health and safety of the worker and
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other personnel, both on-site and off-site, are adequately protected. At the stage of
determining the final status of the site, residual radioactivity is expected to be below the
derived concentration guideline level (DCGL) values; therefore, the final status survey
should in principle not include radiation protection controls. However, radiation protection
controls may be necessary when performing scoping or characterization surveys where the
potential for significant levels of residual radioactivity is unknown.

European Community, national and international legislation relevant to site investigation on
radioactively contaminated sites

It is advised to check key safety legislation for health and safety management. In Table 2.5
key terms are given as guidance, as in most countries these topics may be treated under

different legalisations.

Table 2.5 Key terms relevant to site investigations on contaminated land

Management:

. Management of health and safety at work;

. Working time regulations;

. Health and safety (first-aid);

. Reporting of injuries, diseases and dangerous occurrences.
Working environment:

. Workplace (health, safety and welfare);

. Provision and use of work equipment;

. Fire;

. Lifting operations and lifting equipment;

. Provision and use of personal protective equipment;
. Health and safety (e.g., safety signs and signals);
Construction:

. Construction (design and management);

. Construction (head protection).

Hazards:

. Control of substances hazardous to health;

. Ionising radiation;

. Electricity at work;

. Manual handling operations;

. Control of noise at work;

° Control of asbestos;

. Control of heavy metals, e.g. lead, at work.

Health and safety management arrangements

The overall safety principle should be to provide competent and trained employees working
under a safe system carried out in a safe place of work with safe plant and materials. These
principles are featured in the common law “duty of care” and in occupational health and
safety laws. The safety management arrangements provide the basis for the working
procedures and for the work activities.

Workers involved with site remediation may be exposed to conventional construction and
operations hazards as well as to hazards coming from radioactive materials, toxic metals,
organic compounds or bio-hazardous agents, respirable fibres, flammable and combustible
materials, corrosive and reactive chemicals, and explosives.

Remediating a contaminated site requires a thorough and disciplined approach to evaluating
the potential hazards to site workers, and taking the necessary steps to perform the work in a
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safe manner. A hazard and operability study (HAZOP) may be required to identify and
evaluate the hazards. The results of the safety analyses should be incorporated into a site
health and safety plan, along with remediation work plans and procedures and controls.
Safety measures resulting from these safety analysis and findings should be made in
compliance with the ALARA principle and optimal measures should be put into practice. As
new hazards are identified at the site, they should be incorporated into an update of the
assessment.

The possible elements of a health and safety plan may involve:
- Establishment of a proper organisation;

- Training;

- Hazard characterisation and exposure assessment;

- Site access and hazard controls;

- Site and worker monitoring and medical surveillance schedules;
- Decontamination (personnel and equipment);

- Arrangements for monitoring of compliance;

- Communications;

- Welfare requirements;

- Emergency action plan, including first-aid facilities;

- Emergency response.

It is advised to update the health, security and safety plan regularly and that a health, security
and safety file should be produced and maintained for the duration of the project. This
document should include:

- Workplace authorisations (e.g., acknowledgement that workers have read and
understood relevant safety procedures and instructions and method statements);

- Training records (to demonstrate that all staff are suitably qualified and experienced
personnel and have attended all required site-specific training/induction courses);

- All permits (e.g., permits-to-operate, permits-to-work, excavation permits);

- All personal protective equipment (PPE)/respiratory protective equipment (RPE)
service records;

- All radiation and contamination survey records and clearance certificates;

- Site diaries;

- All documentation relating to disposal of wastes (e.g., duty of care notices);

- Records of any permanent changes to land or buildings as a result of the work;

- Adequate monitoring of the system by the management.
2.6.1.3  Establishment of a proper organisation

Establishment of a multidisciplinary team is a first step required to plan, organise, evaluate
and conduct a remediation plan. The team should include health and safety specialists with
expertise in more than just radiation protection; for example, specialists who can also assess
chemical and biological hazards and develop safety procedures accordingly. The
organisation typically would also include a health and safety officer who has the
responsibility for maintaining the health and safety of the site [7].

The organisation responsible for implementing the remediation activities should have, or
should have access to, competent staff to cover the following areas adequately [3], [7]:
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- Project management;

- Safety requirements of any permits or authorisations issued;
- Regulatory standards and issues;

- Radiation protection;

- Conventional industrial hazards;

- Data collection and evaluation;

- Environmental monitoring;

- Quality assurance and quality control;

- Radiochemical analysis;

- Geological and hydro-geological expertise;
- Waste management;

- Site security;

- Equipment operators;

- Labour force.

Information should be provided to all interested parties concerning the future implementation
of the remediation programme, including: identification of the organisations responsible for
implementing the programme; the provision of adequate human resources, equipment and
supporting infrastructure; the organisation and allocation of the required funding; the
programme for waste management; the safety and health protection protocols for the
remediation workers and the public; and the arrangements for pre- and post-remediation
monitoring procedures for assessing the efficiency and effectiveness of the remediation
programme.

Training

Because of its complexity, workers on a remedial action need a wide range of skills and
experience. Labourers should be able to critically analyse the situation for both individual
safety and the general success of the operation. Equipment operators should be empowered
to make decisions about the depth of excavation, etc. Supervising staff should be able to
modify the plan according to changing conditions (e.g., weather). Project designers and
managers should be able to prepare a holistic approach to the problem, including technical,
legal, economic and natural science issues. They also need to determine the education level
required from their staff [3].

All persons involved in the remediation should be made familiar with the contaminated area,
the hazards and the safety procedures for the safe and effective performance of their duties.
Training of personal protective equipment (PPE) proper use must be conducted prior starting
of remediation actions of workers. Specialised training may be needed in certain areas of
work with the workers certified in both radiological and non-radiological hazardous worker
safety. For some activities, the use of mock-ups and models in training can enhance
efficiency and safety [7].

The requirements for a basic training programme and for refresher training should be stated
in the remediation plan.

The remediation organisation should anticipate possibilities in their plans to revise their
health and safety planning in the light of new discoveries. Such ‘contingency’ planning
allows a more efficient adaptation to necessary changes in the health and safety approach.

102



2.6.1.5

2.6.1.6

2.6.1.7

2.6.1.8

Hazard characterisation and exposure assessment

The remediation team typically should conduct a thorough safety analysis to assess potential
impacts on site workers (and the public) such as a nuclear safety assessment and a criticality
assessment, as well as evaluating the hazards associated with radioactive constituents. In
addition, the team should assess exposure scenarios and pathways associated with non-
radiological contaminants, such as biological contaminants, chemical contaminants and
explosives. The results of the safety analysis should then be incorporated into the site health
and safety plan, along with remediation work plans and procedures. As new hazards are
identified at the site, they become incorporated into an update of the assessment [7].

Site access and hazards controls

An additional component of protecting worker health and safety during the conduct of
remediation should be accomplished through the application of a hierarchy of access and
hazard control methods. The first option to consider in implementing control of worker
access to hazards should be the use of engineering controls to remove or isolate the hazard
(e.g., defining a support zone, contamination reduction zone, exclusion zone and control
room). The next option should be the use of administrative controls, and finally, protected
environments, personal protective equipment and respiratory protective equipment, personal
protective equipment may be used as a supplement to the two preferred methods. Different
levels of personal protective equipment may be required, beyond dealing with only the
radiological component. For example, respiratory protection with specialised filters (e.g.,
designed to filter out certain toxic organic compounds) may be required [7].

Protected environments

When it is decided after a careful consideration to implement an enclosing of the
contaminated area to control the exposure of humans and the wider environment, depending
on the length of time of the investigation, this may be a semi-permanent building or a tented
enclosure.

Consideration of what to do in extreme weather events and at decommissioning of the
facility should be taken into account at the planning stage. Further control of the internal
environment may be required, by the use of negative pressures. This may extend to creating
a negative pressure within the tent to contain contamination, and protecting workers with air-
line suits.

Protective clothing

Before the start of the project, suitable protective clothing should be selected. Influencing
factors on the selection will include the following:

- Full range of hazards and level of protection required;

- Compatibility with other personal protective equipment;

- Availability, storage and maintenance arrangements;

- Cost (e.g., use of disposable items);

- Working environment (dry, wet, muddy, etc);

- Number of workers;

- Project duration.

Typical protective clothing for site characterisation projects (non-radioactively contaminated
sites) is shown in Table 2.6. Most of the protective clothing is also suitable for radioactively
contaminated sites. It is best practice (and commonly a requirement on nuclear-licensed
sites) that separate protective clothing is used for designated and non-designated areas.
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Typically, the two sets of protective clothing are distinguished by colour-coding or other
marking. Durable personal protective equipment should be carefully looked after and its
working life maximised without prejudicing personal safety. Damaged, redundant or
discarded personal protective equipment will be treated as waste and this should be factored
into the waste management plan.

For areas with known or suspected radioactive contamination, a risk assessment by a suitably
qualified and experienced person, such as a radiation protection officer, or a group should be
undertaken. This assessment should indicate the actions that are required to ensure protection
of the workers through the provision of operational procedures (local instructions) and,
potentially, personal protective equipment and respiratory protective equipment (RPE) if
appropriate. In general terms it is likely that the requirements necessary for ensuring
protection against chemical contamination will also provide protection against radiological
contamination. However, it may be that disposable oversuits and boots may be of benefit for
contamination control. Personal dosimetry may be required and this could therefore include
the requirement to record exposures with an Approved Dosimetry Service. In particular cases
health physics support may be appropriate to ensure the radiological protection of workers
during specific operations. It is important, where mixed radiological and non-radiological
contamination exists, that a holistic approach is taken to ensure the protection of workers.

Table 2.6 Examples of protective clothing and equipment, monitoring equipment and safety
procedures that could be applied in characterization projects on contaminated sites

Contamination type |Protective clothing and equipment| Monitoring equipment Safety procedures
Non-radioactive Overalls Hand-held gas monitors Training
contamination Safety boots Automatic gas detectors Permit to work systems
Appropriate gloves Personal monitors Notification of emergency services
Tested hard hats Environmental monitoring Access to telephone contact
Eye protection equipment Decontamination facilities for plant
Face masks and filters Cable avoidance tool Decontamination facilities for
Breathing apparatus personnel
Safety harness and lanyards Safe sampling procedures
Life jackets Safe sample handling procedures
Access for emergency vehicles
Safety torches
Fire extinguishers
First aid equipment
Mobile phone (where allowed)
2.6.1.9 Respiratory protective equipment

Before any respiratory protective equipment is used, an exposure assessment should be
carried out. A number of assessments may be needed in projects that are of long duration, or
where the nature and/or execution of work changes. All individuals wearing respiratory
protective equipment should receive suitable training in its use and they should be aware of
its limitations. When not in use, the respiratory protective equipment should be kept in clean,
secure and dry storage conditions and it should always be kept fully serviceable (clean, no
broken straps, etc). Respiratory protective equipment must be regularly inspected and tested
by qualified personnel, and records kept. The selection and use of respiratory protective
equipment can be regulated by national legalisation.

2.6.1.10

Site and worker monitoring

The extent of monitoring programmes should be determined on the basis of the activities that
will be performed during the remediation and the degree of uncertainty concerning the
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performance of these activities, and should be consistent with longer term monitoring
programmes set up to verify the long term stability of exposure conditions (e.g., by
monitoring the covering of mining residues, protection against the infiltration of water and
protection against erosion or atmospheric dispersion) [12]. There should also be a medical
surveillance programme for site workers in order to minimise adverse health effects on the
workforce. The medical surveillance programme would need to be broad enough to
anticipate potential exposure to contaminants other than just radiological hazards [7].

Worker and equipment decontamination

Worker and equipment decontamination programmes are critical to expedite entry of
workers, minimise the generation of costly hazardous wastes and minimise equipment
replacement. Before work can begin, contamination control and decontamination
programmes for workers and equipment should be documented in the health and safety plan,
communicated to site workers and implemented in areas where there is a possibility for
exposure to chemical, biological or radiological hazards [7].

Emergency preparedness and response

A programme for emergency planning that is applicable for remediation activities should be
established and described in the remediation plan. Operating organisations should ensure that
procedures for dealing with unforeseen events that may occur during remediation are
prepared and put into place. Personnel should be trained in emergency procedures. Provision
should be made for the periodic testing and updating of these procedures by conducting
periodic exercises. In the event of an unforeseen incident happening during remediation, the
responsible parties should without delay notify the regulatory body [12].

The emergency preparedness and response plan should address potential uncontrolled
hazardous substance releases causing a potential health, safety or environmental hazard, i.e.,
one that cannot be mitigated by personnel in the immediate work areas where the release
occurs. For example, a fire at the site may come into contact with, and volatilise, certain
chemical contaminants that could be released into the air.

Such a plan can include the following items [7]:

- Hazard evaluation;

- Emergency action plan (including evacuation plan);

- Emergency response plan;

- Emergency response organisation;

- Emergency equipment and personal protective equipment;
- Emergency training;

- Medical surveillance;

- Emergency medical treatment, transport and first aid arrangements.
Security

In most countries special security regulations exist that require security plans for certain
industries, e.g., biological industry, nuclear industry. In general these plans and arrangements
have to be approved by the regulator. This means that for sites of concern these regulations
have to be followed and implemented during temporary building works and actions as
needed by a remediation program. Compliance with security clearance of all staff, including
key sub-contractors, is expected, as a minimum, on these sites.

The level of clearance required will be commensurate with activities, and should be
confirmed with the site. In addition, each site will have its own security access arrangements

105



2.6.3

2.6.3.1

2.63.2

which should be established at the earliest opportunity prior to the planning stage. Special
arrangements, for example, may need to be made for courier deliveries and collections.
Inevitably the need to comply with security has budget and time implications for the project.

Environmental protection
Environmental protection compliance

Participants in a site remediation program will be expected to comply, as a minimum, with
the environmental legislation, regulations at all places of work and other guidelines specified
in any scope of work. Owners and operators of nuclear-licensed sites and defense sites are
large organisations, and can be expected to hold, or have management systems designed to
meet, the requirements of ISO 14001 [52].

Such organisations will also be committed to continuous improvement programmes, and it
may be expected that these organisations will require their consultants and subcontractors to
meet specified requirements of environmental management competency. The adherence of
suppliers to these requirements should also ensure:

- Compliance with corporate environmental policies;

- Minimisation of liabilities (i.e., not to exacerbate risk from any existing contamination
or create new contamination or impacts);

- Maintenance of integrated compliance with health, safety, security and environmental
aspects;

- Management of stakeholder involvement.
Operation and control of environmental protection

When producing specifications or evaluating tenders for site remediation works, site owners
and occupiers (who are typically also the client) should ensure that the works comply with
the requirements of the site’s environmental policy and environmental management system.
In demonstrating that this is the case, consultants and subcontractors should ensure that their
own assessments are site specific and activity specific. Effective communication and flow of
information between the client/liability holder and consultant/contractor is necessary to
demonstrate that the environmental protection systems of the two parties are compatible.

Guidance on compliance with an environmental management system is given in the
ISO:14000 series [52]. The key principles are listed below:

- Minimise the direct and indirect adverse environmental effects of a site remediation
programme. This should be demonstrated by provision of a safety, health and
environment plan for performance of the work (not to be confused with a health and
safety plan that may be required by the construction - design and management -
regulations).

- Every individual should be suitably qualified, trained and experienced to carry out
their work and to understand their responsibility for the environmental effects of their
activities.

- Managers at all levels should understand their responsibilities for the environmental
effects of the activities of the employees, contractors and visitors under their control.

- All staff should know the environmental objectives and targets relevant to their work,
and assume personal responsibility for the environmental effects of their actions.

- Equipment and facilities used for site characterisation work should be appropriate for
the job, adequately maintained and operated to a suitable system of work. This will
minimise, as far as reasonably practicable, direct environmental effects.
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- All staff should know the procedures for reporting accidents and emergencies that
have environmental implications, and the actions to be taken to minimize the effects of

an accident.

- Participation in audits, monitoring and review activities to check compliance with
environmental legislation and management systems may be expected.

Identification and evaluation of potentially significant environmental effects will be
undertaken in a risk assessment specific to a site remediation activity. Such an assessment is
likely to include consideration of the environmental aspects summarised in Table 2.7. An
example of an environmental protection checklist is given in 0.

Table 2.7 Some aspects of environmental protection appropriate to remediation activities

Aspect description

Example of activity or process

Mitigation

Waste management

Spoil generation and disposal

Minimisation by choice of technique
Control of contaminated drilling returns

Water use

Water flush drilling

Avoid use

Materials storage and handling,
including hazardous materials

Fuel storage

Store drums on appropriately sized bunded
trays

Air quality

Emission from generators

Fit exhaust filters

Noise and vibration

Use of heavy plant

Refer to code of practice BS5228 - Noise
control on construction and other open sites

Effluent including sewerage

Purged borehole water

Collection and disposal via authorised route

Contaminated land

Interconnection of aquifers due to poor
borehole design

Borehole design to be approved by regulator

Ecology Disturbed flora Careful re-instatement of exaction locations
Odours Equipment emissions Site equipment so as to minimise impact, out
of hours working
Transport Vehicle movements and their emissions | Where appropriate ride a bicycle or electrical
powered around site
2.6.4 Summary

The preparation of a health physics and safety, security, and environment (HSSE) plan and
its approval will be required before any on-site works can commence. The plan will cover

but not be limited to:

- Arrangements to ensure the health and safety of all workers (including hazard
assessment, hazard evaluation and proposed control measures if required);

- Management and standards;

- Selection of sub-contractors;

- Emergency procedures;

- Accident reporting procedures;

- Arrangements for monitoring of compliance;

- Welfare requirements;

- Communications, co-operation and training arrangements;

- Security procedures;

- Environmental issues;

- Environmental impacts register, which identifies the potential environmental impacts
that activities will have. The register should cross-refer to project specific method
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statements, in which consideration will have been given to environmental aspects, and
to the relevant environmental policies of the client and contractor;

- Environmental mitigation, monitoring and control measures.
Site characterisation

Site characterisation is needed to provide sufficient data to take early strategic decisions on
the likely environmental remediation activities [3]. An environmental baseline and a profile
of the contamination should consider the following aspects:

- Characteristics, distribution, and extent of radioactive constituents or contamination
sources, as well as the potential for future releases of constituents;

- Risks associated with exposure of humans and the environment to the radioactive
constituents, and

- Where appropriate, transport of radioactive constituents in groundwater and
hydraulically-connected surface water, as well as any other pathways which may lead
to exposure of workers and the population.

The source characterisation should include both waste characterisation and facility or site
characterisation, and should provide reliable estimates of the release rates of radioactive
constituents as well as constituent distribution. For rural zones, the transport of the
constituents from the soil into the vegetation should also be measured or estimated.

Major factors in the radiological characterisation of sites and/or groundwaters

The level of effort associated with planning of the activities for site characterisation should
be based on the complexity of the survey. Large, complicated sites generally should receive
a significant amount of effort during the planning phase, while smaller sites may not require
as much planning effort [2].

Planning radiological surveys using the Data Quality Objectives Process should result in
improving the survey effectiveness and efficiency, and thereby the defensibility of decisions.
It should also minimise expenditures related to data collection by eliminating unnecessary,
duplicative, or overly precise data. The use of the Data Quality Objectives Process should
assure that the type, quantity, and quality of environmental data used in the decision making
will be appropriate for the intended application. It should provide systematic procedures for
defining the criteria that the survey design should satisfy, including when and where to
perform measurements, the level of decision errors for the survey, and how many
measurements to perform.

Site characterisation data quality objectives

The site characterization Data Quality Objectives Process should provide for early
involvement of stakeholders and use a graded approach to data quality requirements. This
graded approach should define the data quality requirements according to the type of survey
being designed, the risk of making a decision error based on the data collected, and the
consequences of making such an error. The approach should also provide a more effective
survey design combined with a basis for judging the usability of the data collected.

Data Quality Objectives are qualitative and quantitative statements derived from the outputs
of the Data Quality Objectives Process that should enable:

- To clarify the study objective, e.g., define the boundary of the site to investigate;

- To define the most appropriate type of data to collect, e.g., radiological and/or non-
radiological data;

- To determine the most appropriate conditions for collecting the data;
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To specify limits on decision errors which will be used as the basis for establishing the
quantity and quality of data needed to support the decision.

STEP 1: STATE THE PROBLEM

'

STEP 2: IDENTIFY THE DECISION

'

STEP 3: IDENTIFY INPUTS TO THE DECISION STEPT:
OPTIMIZE THE
‘ DESIGN FOR
OBTAINING DATA
STEP 4: DEFINE THE STUDY BOUNDARIES

'

STEP 5: DEVELOP A DECISION RULE

'

STEP 6: SPECIFY LIMITS ON DECISION ERRORS

Figure 2.10 The data quality objectives process
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Figure 2.11 Repeated applications of the Data Quality Objectives Process throughout the
radiation survey and site investigation process

The Data Quality Objectives Process may consist of seven steps, as shown in Figure 2.10.

The output from each step may influence the choices that will be made later in the process.
Even though the Data Quality Objectives Process is depicted as a linear sequence of steps, in
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practice it is iterative; the outputs of one step may lead to reconsideration of prior steps as
illustrated in Figure 2.11. For example, defining the survey unit boundaries may lead to
classification of the survey unit, with each area or survey unit having a different decision
statement. This iteration is encouraged since it ultimately may lead to a more efficient survey
design. The first six steps of the Data Quality Objectives Process should produce the
decision performance criteria that are will be used to develop the survey design. The final
step of the process should develop a survey design based on the Data Quality Objectives.
The first six steps should be completed before the final survey design is developed, and
every step should be completed before data collection begins.

Data Quality Objectives for data collection activities should describe the overall level of
uncertainty that the decision-maker is willing to accept for survey results. This uncertainty
should be used to specify the quality of the measurement data required in terms of objectives
for precision, accuracy, representativeness, comparability, and completeness.

The Data Quality Objectives Process should remain flexible considering the requirements of
each specific situation. For surveys that have multiple decisions, such as characterisation or
final status surveys, the Data Quality Objectives Process may be used repeatedly throughout
the performance of the survey. Decisions made early in decommissioning are often
preliminary in nature. For this reason, a scoping survey may only require a limited planning
and evaluation effort. As the site investigation process nears conclusion the necessity of
avoiding a decision error becomes more critical.

Depending on the definition of the problem, it should not be absolutely necessary that each
step or each activity in a step will be implemented in a consecutive way in each process. This
means that, on a case-by-case basis, it may be decided that specific steps or specific activities
in a step may not be executed.

The steps within the Data Quality Objectives Process are briefly discussed in the next
paragraphs, especially as they relate to final status survey planning, and list the outputs for
each step in the process. The outputs from the Data Quality Objectives Process should be
included in the documentation for the survey plan.

Step 1: State the problem

Any decision making process requires the problem to be defined so that the focus of the
survey will be unambiguous. Since many sites or facilities may present a complex interaction
of technical, economic, social, and political factors, the success of a project is critically
linked to a complete but uncomplicated definition of the problem.

Four activities may be associated with this step:

- Identifying members of the planning team and stakeholders;

- Identifying the primary decision-maker or decision-making method;

- Developing a concise description of the problem;

- Specifying available resources and relevant deadlines for the study.

The expected outputs of this step should be:

- A list of the planning team members and identification of the decision-maker;

- A concise description of the problem, which would typically involve the release of all
or some portion of the site to demonstrate compliance with the regulation;

- A summary of available resources and relevant deadlines for the survey which are
typically identified on a site-specific basis.
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Step 2: Identify the decision

The goal of this step should be to define the question that the survey should attempt to
resolve and identify alternative actions that may be taken based on the outcome of the
survey. The combination of these two elements is called the decision statement. The decision
statement would be different for each type of survey in the radiation survey and site
investigation process, and would be developed based on the objectives of the survey.

Four activities should be associated with this step in the Data Quality Objectives Process:
- Identifying the principal study question;

- Defining the alternative actions that could result from a resolution of the principal
study question;

- Combining the principal study question and the alternative actions into a decision
statement;

- Organising multiple decisions.

The expected output from this step should be a decision statement that links the principal
study question to possible solutions to the problem.

For a final status survey, the principal study question could be whether the level of residual
radioactivity in the survey units in a portion of the site is below the release criterion.
Alternative actions may include further remediation, re-evaluation of the modelling
assumptions used to develop the derived concentration guideline levels (DCGL), re-
assessment of the survey unit to see if it can be released with passive controls, or a decision
not to release the survey unit. The decision statement may also determine whether or not all
the survey units in a portion of the site satisfy the release criterion.

Step 3: Identify the inputs to the decision

Collecting data or information is necessary to resolve most decision statements. In this step,
the planning team should focus on the information needed for the decision and identify the
different types of information needed to resolve the decision statement.

The key activities for this step should include:

- Identifying the information required to resolve the decision statement; asking general
questions such as whether information on the physical properties of the site is
required, or whether information on the chemical characteristics of the radionuclide or
the matrix is required; determining which environmental variables or other
information are needed to resolve the decision statement.

- Determining the sources for each item of information; identifying and listing the
sources for the required information.

- Identifying the information needed to establish the action level or the derived
concentration guideline level based on the release criterion (the actual numerical value
should be determined in Step 5).

- Confirming that appropriate measurement methods exist to provide the necessary data;
preparing a list of potentially appropriate measurement techniques based on the
information requirements determined previously in this step.

The expected outputs of this step should be:
- A list of informational inputs needed to resolve the decision statement;
- A list of environmental variables or characteristics that will be measured.

For the final status survey, the list of information inputs generally should involve
measurements of the radioactive contaminants of concern in each survey unit. These inputs
should include identifying survey units, classifying survey units, identifying appropriate
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measurement techniques including measurement costs and detection limits, and whether or
not background measurements from a reference area or areas need to be performed. The list
of environmental variables measured during the final status survey should typically be
limited to the level of residual radioactivity in the affected media for each survey unit.

Step 4: Define the boundaries of the study

During this step, the planning team should develop a conceptual model of the site based on
existing information collected in Step 1 of the Data Quality Objectives Process or during
previous surveys. Conceptual models describe a site or facility and its environs, and present
hypotheses regarding the radio-nuclides present and potential migration pathways. These
models may include components from computer models, analytical models, graphic models,
and other techniques. Additional data collected during decommissioning should be used to
expand the conceptual model.

The purpose of this step should be to define the spatial and temporal boundaries that will be
covered by the decision statement so that data can be easily interpreted. These attributes
should include:

Spatial boundaries that define the physical area under consideration for release (site
boundaries);

Spatial boundaries that define the physical area to be studied and locations where
measurements could be performed (actual or potential survey unit boundaries);

- Temporal boundaries that describe the time frame the study data represents and when
measurements should be performed;

- Spatial and temporal boundaries developed from modelling used to determine the
derived concentration guideline levels.

There should be seven activities associated with this step:

- Specifying characteristics that define the true but unknown value of the parameter of
interest;

- Defining the geographic area within which all decisions must apply;

- When appropriate, dividing the site into areas or survey units that have relatively
homogeneous characteristics;

- Determining the time frame to which the decision applies;
- Determining when to collect data;

- Defining the scale of decision making;

- Identifying any practical constraints on data collection.
The expected outputs of this step should be:

- A detailed description of the spatial and temporal boundaries of the problem (a
conceptual model);

- Any practical constraints that may interfere with the full implementation of the survey
design.

Specifying the characteristics that define the true but unknown value of the parameter of
interest for the final status survey typically should involve identifying the radio-nuclides of
concern. If possible, the physical and chemical form of the radio-nuclides should be
described. For example, describing the residual radioactivity in terms of total uranium is not
as specific or informative as describing a mixture of uraninite (UO,) and uranium
metaphosphate (U(PO;),) for natural abundances of ***U, *°U, and ***U.

As an example, the study boundary may be defined as the property boundary of a facility or,
if there is only surface contamination expected at the site, the soil within the property
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boundary to a depth of 15 cm. When appropriate (typically during and always before final
status survey design), the site should be subdivided into survey units with relatively
homogeneous characteristics based on information collected during previous surveys.

The time frame to which the final status survey decision applies is typically defined by the
regulation. Temporal boundaries may also include seasonal conditions such as winter snow
cover or summer drought that affect the accessibility of certain media for measurement.

For the final status survey, the smallest, most appropriate subsets of the site for which
decisions will be made should be defined as survey units. The size of the survey unit and the
measurement frequency within a survey unit should be based on classification, site-specific
conditions, and relevant decisions used during modelling to determine the derived
concentration guideline levels.

Step 5: Develop a decision rule

The purpose of this step should be to define the parameter of interest, specify the action level
(or derived concentration guideline level), and integrate previous Data Quality Objectives
outputs of the data quality requirements process into a single statement that describes a
logical basis for choosing among alternative actions.

Three activities should be associated with this step:
- Specifying the statistical parameter that characterises the parameter of interest;
- Specifying the action level for the study;

- Combining the outputs of the previous Data Quality Objectives Process steps into an
“if...then..." decision rule that defines the conditions that would cause the decision-
maker to choose among alternative actions.

Certain aspects of the site investigation process, such as historical site assessments, may not
be so quantitative that a statistical parameter can be specified. Nevertheless, a decision rule

should still be developed that defines the conditions that would cause the decision-maker to
choose among alternatives.

The expected outputs of this step should be:
- The parameter of interest that characterises the level of residual radioactivity;
- The action level;

- An “if...then...” statement that defines the conditions that would cause the decision-
maker to choose among alternative actions.

The parameter of interest should be a descriptive measure (such as a mean or median) that
specifies the characteristic or attribute that the decision-maker would like to know about the
residual contamination in the survey unit.

The action level should be a measurement threshold value of the parameter of interest that
provides the criterion for choosing among alternative actions.

The mean concentration of residual radioactivity may be the parameter of interest used for
making decisions based on the final status survey. The definition of residual radioactivity
will depend on whether or not the contaminant appears as part of background radioactivity in
the reference area. If the radionuclide is not present in background, residual radioactivity
should be defined as the mean concentration in the survey unit. If the radionuclide is present
in background, residual radioactivity should be defined as the difference between the mean
concentration in the survey unit and the mean concentration in the reference area selected to
represent background.

A decision rule may state that, if the mean concentration in the survey unit is less than the
investigation level, then the survey unit is in compliance with the release criterion. To
implement the decision rule, an estimate of the mean concentration in the survey unit will be
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required. An estimate of the mean of the survey unit distribution may be obtained by
measuring radionuclide concentrations in soil at a set of randomly selected locations in the
survey unit. A point estimate for the survey unit mean may be obtained by calculating the
simple arithmetic average of the measurements. Due to measurement variability, there might
be a distribution of possible values for the point estimate for the survey unit mean, however.
In this case, statistical decision rules should be used to assist the decision-maker.

Step 6: Specify limits on decision errors

Decisions based on survey results may often be reduced to a choice between “yes” or “no”,
such as determining whether or not a survey unit meets the release criterion. When viewed in
this way, two types of incorrect decisions, or decision errors, may be identified:

1. Incorrectly deciding that the answer is “yes” when the true answer is “no”; and
2. Incorrectly deciding the answer is “no” when the true answer is “yes”.

The distinctions between these two types of errors are important for two reasons:

1. The consequences of making one type of error versus the other may be very different;
and
2. The methods for controlling these errors are different and involve trade-offs.

For these reasons, the decision-maker should specify levels for each type of decision error.

The purpose of this step should be to specify the decision-maker’s limits on decision errors,
which should be used to establish performance goals for the data collection design. The goal
of the planning team should be to develop a survey design that reduces the chances of
making a decision error.

While the possibility of a decision error can never be totally eliminated, it can be controlled.
To control the possibility of making decision errors, the planning team should attempt to
control uncertainty in the survey results caused by sampling design error and measurement
error. Sampling design error may be controlled by collecting a large number of samples.
Using more precise measurement techniques or field duplicate analyses may reduce
measurement error. Better sampling designs may also be developed to collect data that more
accurately and efficiently represent the parameter of interest. Every survey may use a
slightly different method of controlling decision errors, depending on the largest source of
error and the ease of reducing those error components.

The estimate of the standard deviation for the measurements performed in a survey unit
should include the individual measurement uncertainty as well as the spatial and temporal
variations captured by the survey design. For this reason, individual measurement
uncertainties should not be used during the final status survey data assessment. However,
individual measurement uncertainties may be useful for determining an a priori estimate of
the standard deviation during survey planning. Since a larger value of the standard deviation
results in an increased number of measurements needed to demonstrate compliance during
the final status survey, the decision maker may seek to reduce measurement uncertainty
through various methods (e.g., different instrumentation). There may be trade-offs that
should be considered during survey planning. For example, the costs associated with
performing additional measurements with an inexpensive measurement system may be less
than the costs associated with a measurement system with better sensitivity (i.e., lower
measurement uncertainty, lower minimum detectable concentration). However, the more
expensive measurement system with better sensitivity may reduce the standard deviation and
the number of measurements necessary to demonstrate compliance to the point where it is
more cost-effective to use the more expensive measurement system. For surveys in the early
stages of the radiation survey and site investigation process, the measurement uncertainty
and instrument sensitivity may become even more important. During scoping,
characterisation, and remedial action support surveys, decisions about classification and
remediation should be made based on a limited number of measurements. When the
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measurement uncertainty or the instrument sensitivity values approach the value of the
derived concentration guideline level, it may become more difficult to make these decisions.
From an operational standpoint, when operators of a measurement system have an a priori
understanding of the sensitivity and potential measurement uncertainties, they will be able to
recognise and respond to conditions that may warrant further investigation, e.g., changes in
background radiation levels, the presence of areas of elevated activity, measurement system
failure or degradation, etc.

The probability of making decision errors may be controlled by adopting a scientific
approach, called hypothesis testing. In this approach, the survey results may be used to select
between one condition of the environment (the null hypothesis) and an alternative condition
(the alternative hypothesis). The null hypothesis is treated like a baseline condition that is
assumed to be true in the absence of strong evidence to the contrary. Acceptance or rejection
of the null hypothesis will depend upon whether or not the particular survey results are
consistent with the hypothesis.

A decision error occurs when the decision-maker rejects the null hypothesis when it is true,
or accepts the null hypothesis when it is false.

When the null hypothesis is rejected when it is true, this is sometimes referred to as a false
positive error. The probability of making such a decision error, or the level of significance, is
denoted by alpha (a). Alpha reflects the amount of evidence the decision-maker would like
to see before abandoning the null hypothesis, and is also referred to as the size of the test.

When the null hypothesis is accepted when it is false, this is sometimes referred to as a false
negative error. The probability of making such a decision error is denoted by beta (). The
term (1-f) is the probability of rejecting the null hypothesis when it is false, and is also
referred to as the power of the test.

There is a relationship between o and P that is used in developing a survey design. In
general, increasing o decreases f and vice versa, holding all other variables constant.
Increasing the number of measurements typically results in a decrease in both o and f.

Five activities should be associated with specifying limits on decision errors:

- Determining the possible range of the parameter of interest; establishing the range by
estimating the likely upper and lower bounds based on professional judgement;

- Identifying the decision errors and choosing the null hypothesis:

Defining both types of decision errors and establishing the true condition of the
survey unit for each decision error;

Specifying and evaluating the potential consequences of each decision error;

Establishing which decision error has more severe consequences near the action
level, consequences including health, ecological, political, social, and resource
risks;

Defining the null hypothesis and the alternative hypothesis and assigning the
appropriate term to the appropriate decision error;

- Specifying a range of possible parameter values, a gray region, where the
consequences of decision errors are relatively minor; specifying a gray region will be
necessary because variability in the parameter of interest and unavoidable imprecision
in the measurement system may combine to produce variability in the data such that a
decision may be "too close to call" when the true but unknown value of the parameter
of interest is very near the action level;

- Assigning probability limits to points above and below the gray region that reflect the
probability for the occurrence of decision errors;

- Graphically representing the decision rule.

115



2.7.2.7

The expected outputs of this step should be decision error rates based on the consequences of
making an incorrect decision. Certain aspects of the site investigation process, such as
historical site assessments, may not be so quantitative that numerical values for decision
errors can be specified. Nevertheless, a "comfort region" should be identified where the
consequences of decision errors are relatively minor.

Step 7: Optimise the design for collecting data

This step should produce the most resource-effective survey design that is expected to meet
the Data Quality Objectives. It may be necessary to work through this step more than once
after revisiting previous steps in the Data Quality Objectives Process.

Six activities should be included in this step:

Reviewing the Data Quality Objectives outputs and existing environmental data to
ensure they are internally consistent;

Developing general data collection design alternatives;

Formulating the mathematical expressions needed to solve the design problem for
each data collection design alternative;

Selecting the optimal design that satisfies the Data Quality Objectives for each data
collection design alternative; if the recommended design will not meet the limits on
decision errors within the budget or other constraints, the planning team will need to
relax one or more constraints. Examples include:

a. Increasing the budget for sampling and analysis;

b. Using exposure pathway modelling to develop site-specific derived
concentration guideline levels;

C. Increasing the decision error rates, not forgetting to consider the risks associated
with making an incorrect decision;

d. Increasing the width of the gray region by decreasing the minimum value of the
gray region;

e. Relaxing other project constraints, e.g., schedule;

f. Changing the boundaries; it may be possible to reduce measurement costs by

changing or eliminating survey units that will require different decisions;

g. Evaluating alternative measurement techniques with lower detection limits or
lower survey costs;

h. Considering the use of passive controls when releasing the survey unit rather
than unrestricted release.

Selecting the most resource-effective survey design that satisfies all of the Data
Quality Objectives; typical sites (e.g., mixed-waste sites) may require the planning
team to consider alternative survey designs on a site-specific basis.

Documenting the operational details and theoretical assumptions of the selected design
in the quality assurance project plan, the field sampling plan, the sampling and
analysis plan, or the decommissioning plan, all of the decisions that will be made
based on the data collected during the survey should be specified along with the
alternative actions that may be adopted based on the survey results.

Key inputs for a final status survey design should include:

Investigation levels and derived concentration guideline levels for each radio-nuclide
of interest;

Acceptable measurement techniques for scanning, sampling, and direct measurements,
including detection limits and estimated survey costs;

116



2.8

2.8.1

2.8.2

2.8.3

2.84

- Identification and classification of survey units;

- An estimate of the variability in the distribution of residual radioactivity for each
survey unit, and in the reference area if necessary;

- The decision-maker’s acceptable a priori values for decision error rates (a and f).
Environmenta remediation plan
Environmental remediation objectives and criteria

A remediation programme should have clearly expressed objectives [3]. If remediation is
justified and any clean-up action optimised, criteria are needed to target remediation
activities, to assess performance as work proceeds, and to verify that the remediation has
been achieved at its conclusion. These criteria may be expressed in terms of the residual
dose, i.e., the projected dose from the future use of the remediated site, or in terms of
concentration limits from which the residual dose, through a pathway analysis, can be
calculated. Where necessary, re-entry criteria may be established by which it can be decided
whether to allow the return of the population and/or reuse of the land for agriculture, etc.

A specific approach for the implementation of remediation criteria has been discussed in
Section 2.2.2.3, definition of a remediation process, initial decision making, based on the
form of the reference levels indicated in Table 2.1.

Remediation approaches and techniques

During or after preliminary site characterisation, an engineering study should be conducted
to develop remediation options which address the specific contaminant problem and are
aimed to reduce radiological and chemical exposure. Options should include engineering
approaches and associated technologies. A preliminary selection of options may be made
based on several factors including future land use, technical and institutional considerations,
public acceptability, cost, regulatory requirements, etc. An overview of particular
technologies is discussed in Section 4 of this document.

Further focused investigation of one or more particular method(s) may be conducted; this
may include, for example, conducting a bench scale and pilot scale tests of a specific
technology. These tests would be designed to collect sufficient information to develop,
procure, and operate a full-scale system.

Once the clean-up criteria are confirmed, the preferred alternative should be selected, taking
into account future land use constraints, if any, and the need for institutional control.

Implementing remediation actions

The implementation of remediation actions should include: procurement of the selected
technology; preparation of the site; development of a health and safety plan; development of
operations procedures; staff selection and training; completion of site clean-up; verification;
waste disposal; and release of the site for any future use.

At completion of the remediation activities, the site should meet the remediation objectives
set at the outset as demonstrated in final verification activities. Long-term monitoring may
be necessary. Quality assurance protocols should have been applied to all programme
activities.

Compliance with environmental protection
Participants in site characterisation work will be expected to comply, as a minimum, with the

environmental legislation, regulations at all places of work and other guidelines specified in
any scope of work [10].
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Owners and operators of nuclear-licensed sites are mostly large organisations, and can be
expected to hold, or have management systems designed to meet the requirements of
environmental protection.

Such organisations will also be committed to continuous improvement programmes, and it
may be expected that these organisations will require their consultants and subcontractors to
meet specified requirements of environmental management competency. The adherence of
suppliers to these requirements should also ensure:

- Compliance with corporate environmental policies

- Minimisation of liabilities (i.e., not to exacerbate risk from any existing contamination
or create new contamination or impacts)

- Maintenance of integrated compliance with health, safety, security and environmental
aspects

- Management of stakeholder involvement.

When producing specifications or evaluating tenders for site characterisation and site
remediation works site owners and occupiers should ensure that the works comply with the
requirements of the site environmental policy and environmental management system. In
demonstrating that this is the case, consultants and sub-contractors should ensure that their
own assessments are site-specific and activity-specific. Effective communication and flow of
information between the client/liability holder and the consultant/contractor is necessary to
demonstrate that the environmental protection systems of the two parties are compatible.

The key principles of compliance with an environmental management system are:

- The direct and indirect adverse environmental effects of site characterisation and
remediation activities should be minimised. This should be demonstrated by provision
of a safety, health and environment plan for performance of the work.

- Every individual should be suitably qualified, trained and experienced to carry out
their work and to understand their responsibility for the environmental effects of their
activities.

- Managers at all levels should understand their responsibilities for the environmental
effects of the activities of the employees, contractors and visitors under their control.

- All staff should know the environmental objectives and targets relevant to their work,
and assume personal responsibility for the environmental effects of their actions.

- Equipment and facilities used for site characterisation and remediation work should be
appropriate for the job, adequately maintained and operated to a suitable system of
work. This will minimise, as far as reasonably practicable, direct environmental
effects.

- All staff should know the procedures for reporting accidents and emergencies that
have environmental implications, and the actions to be taken to minimise the effect of
an accident.

- Participation in audits, monitoring and review activities to check compliance with
environmental legislation and management systems may be expected.

Identification and evaluation of potentially significant environmental effects should be
undertaken in a risk assessment specific to a site characterisation activity. Such an
assessment is likely to include consideration of the environmental aspects summarised in
Table 2.8.
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Table 2.8 Aspects of environmental protection appropriate to site characterisation activities

Aspect description

Example of activity or process

Mitigation

Waste management

Spoil generation and disposal

Minimisation by choice of technique
Control of contaminated drilling returns

Water use

Water flush drilling

Avoid use

Materials storage and handling,
including hazardous materials

Fuel storage

Store drums on appropriately sized bunded
trays

Air quality

Emission from generators

Fit exhaust filters

Noise and vibration

Use of heavy plant

Refer to code of practice BS5228 - Noise
control on construction and other open sites

Effluent including sewerage

Purged borehole water

Collection and disposal via authorised route

Contaminated land

Interconnection of aquifers due to poor
borehole design

Borehole design to be approved by regulator

Ecology Disturbed flora Careful re-instatement of exaction locations

Odours Equipment emissions Site equipment so as to minimise impact, out
of hours working

Transport Vehicle movements and their emissions | Where appropriate ride a bicycle or electrical

powered around site

2.9

2.9.1

An environmental protection checklist should comprise the following activities:

- Check contractual requirements.

- Check own organisational environmental requirements.

- Check and agree allocation of responsibilities.

- Estimate and review environmental impacts for the project.

- Produce environmental impacts for the project.

- Check personnel competence, equipment suitability and maintenance.

- Check procedures for monitoring and recording, audits and reviews, for
communications of emergency incidents.

Waste management and transport of radioactive materials plan

Waste management

Both radioactive waste and non-radioactive waste will be generated during the execution of a
site remediation programme. The management of these wastes should be addressed in project
specific plans. These plans then need to be integrated with the site waste management
procedures, and where management routes are not available, then new ones will need to be

established.

For non-radioactive waste the development of a site waste management plan on construction
sites is good practice, and on nuclear-licensed sites it is recommended. This plan should be
integrated with radioactive waste management plans.

Further the management and transport of non-radioactive as well as of radioactive waste are
subject to international and national regulations. It is therefore advised to contact the
appropriate national agencies dealing with these topics, so that the plans are in compliance

with the regulations.

This section addresses all important topics dealing with the waste management of non-
radioactive and radioactive wastes.
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29.1.2
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29.2.1

Sources of waste
It is likely that both solid and liquid non-radioactive wastes as of radioactive wastes will be
produced from the site investigation and remediation process.Typical solid wastes include:

- Solid wastes from initial site clearance activities, such as vegetation (which may need
to be removed to allow adequate access to the site) and surface wastes (such as
metallic items, which may interfere with geophysical surveys);

- Spoil that cannot be backfilled into boreholes or trial pits;

- Used personal protective equipment and used respiratory protective equipment;
- Disposable items used during sample collection, preparation and packaging;

- Waste from the site accommodation and hygiene facilities;

- Residues from samples sent for laboratory analysis.

Typical liquid wastes include:

- Water/liquids produced from wash-down facilities (i.e., water used for cleaning and
decontaminating of site and sampling equipment);

- Water/liquids produced from operations in the hygiene and change facilities;

- Water/liquids produced from abstraction of groundwater from trial pits, trenches and
boreholes on the site;

- Residues from samples sent for laboratory analysis.
Waste minimisation

In most countries in licenses requirements are set that licensees have to minimise the
production of wastes and especially of hazardous and radioactive wastes.

Consequently, subject to achieving the objectives of the site remediation project, there may
be a requirement to use intrusive techniques that minimise waste production, where their use
will not compromise the objectives of the site remediation project.

If the remediation programme is dealing with a defense site, special regulations can be
applicable. This has to be verified. However, on both categories of site it is good practice to
consider options for minimising the generation of waste. It will also be necessary on all sites
to segregate wastes into various waste streams defined by radioactivity so that they can be
managed correctly. It may be appropriate (or a requirement specified by the client) to appoint
a member of the project team with responsibility for minimising and segregating radioactive
wastes. On some sites, this role is referred to as the waste minimisation officer.

Management of radioactive waste
Definition of radioactive waste classes by the IAEA
In the context of site investigations on potentially radioactively contaminated sites, wastes

fall into two categories: radioactive waste and non-radioactive waste.

The definition of radioactive and non-radioactive wastes is given in national legislations and
these can vary from country to country.

Exemption orders of both types of wastes exist that specify the conditions under which
materials or wastes defined as radioactive can be “exempted”, i.e., excluded from some or all
of the regulatory provisions for radioactive materials. It is advised to check the national
regulations on this topic.

The IAEA has defined the following radioactive waste categories (see Table 2.9) [53].
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Table 2.9 Radioactive waste classes as proposed by IAEA

Waste classes Typical characteristics Disposal options
1 |Exempt waste Activity levels at or below clearance levels  |No radiological restrictions
(EW) [54], which are based on an annual dose to

members of the public of less than 0.01 mSv

2 |Low and intermediate level waste |Activity levels above clearance levels [54]

(LILW) and thermal power below about 2 kW/m®
2.1|Short lived waste Restricted long lived radionuclide Near surface or geological
(LILW-SL) concentrations (limitation of long lived alpha |disposal facility
emitting radionuclides to 4000 Bq/g in
individual waste packages and to an overall
average of 400 Bg/g per waste package)
2.2|Long lived waste Long lived radionuclide concentrations Geological disposal facility.
(LILW-LL) exceeding limitations for short lived
3 |High level waste Thermal power above about 2 kW/m?® and Geological disposal facility
(HLW) long lived radionuclide concentrations

exceeding limitations for short lived waste

Exempt waste (EW)

Exempt waste (EW) contains so little radioactive material that it cannot be considered
'radioactive’ and might be exempted from nuclear regulatory control. That is to say, although
still radioactive from a physical point of view, this waste may be safely disposed of, applying
conventional techniques and systems, without specifically considering its radioactive
properties [53].

Many studies have been performed on the subject of waste exemption. The TAEA provides
recommendations on exemption from regulatory control and specifies unconditional
clearance levels for radionuclides in solid materials based on limiting annual doses to
members of the public to 0.01 mSv [54]. The recommended activity concentrations are
dependent on the individual radionuclide and range from about 0.1 Bq/g to about 10* Bq/g.
Because possible individual radiation doses are trivial at these concentrations, no particular
attention needs to be paid to the radioactive properties of such waste.

Levels of activity concentration for exempt waste higher than those suggested in [54] may be
established by the national authority on a case-by-case basis if specific national peculiarities
are considered or defined requirements or conditions are given for the exemption of waste.
The levels of activity concentration appropriate for conditionally exempt waste are highly
dependent on the conditions for exemption. Actual values can be derived for individual
cases.

It is important to obtain a consensus on the boundary for unconditionally exempt material
which may be transferred from one country to another (e.g., for recycle/reuse). It would be of
great value if the same limits could be adopted for different sites. This would greatly

simplify exemption procedures and would increase the confidence of the public in such
practices.

Low and intermediate level waste (LILW)

Low level waste has been defined in the past to mean radioactive waste that does not require
shielding during normal handling and transportation [53]. Radioactive waste which required
shielding but needed little or no provision for heat dissipation was classified as intermediate
level waste. A contact dose rate of 2 mSv/h was generally used to distinguish between the
two classes.

This distinction appears of secondary importance in the present context. Classification
should be related to individual radionuclides, taking the various exposures and exposure
pathways into account, such as inhalation (e.g., in the case of an incident) and ingestion (e.g.,
in the case of long term releases in the post-operational period of a repository). Thus, low
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and intermediate level waste may be subdivided into short-lived and long-lived waste.
Additional considerations which must be taken into account in managing low and
intermediate level waste are presented subsequently under 'Additional Considerations'.

Short-lived waste (LILW-SL)

Short-lived low and intermediate level waste (LILW-SL) contains low concentrations of
long-lived radionuclides. The possible hazard represented by the waste can often be
significantly reduced by administratively controlling waste as part of storage or after
disposal. Although the waste may contain high concentrations of short-lived radionuclides,
significant radioactive decay occurs during the period of institutional control. Concentrations
of long-lived radionuclides that will not decay significantly during the period of institutional
control are controlled to low levels consistent with the radiotoxicity of the radionuclides and
requirements set forth by national authorities.

Because LILW-SL may be generated in a wide range of concentrations, and may contain a
wide range of radionuclides, there may be a range of acceptable disposal methods. The waste
form or packaging may also be important for management of this waste. Depending upon
safety analyses and national practices, these methods may range from simple surface
landfills, to engineered surface facilities, and to disposal at varying depths, typically a few
tens of metres, or in deep geological formations if a co-disposal of short- and long-lived
waste is anticipated. National practices may impose varying levels of isolation depending
upon the hazard represented by different classes of radioactive waste.

From existing criteria it appears that a general boundary between near surface and geological
disposal of radioactive waste cannot be provided, as activity limitations will differ between
individual radionuclides or radionuclide groups and will be dependent on the actual planning
for a near surface disposal facility (e.g., engineered barriers, duration of institutional control,
site specific factors).

Long-lived waste (LILW-LL)

Long-lived low and intermediate level waste (LILW-LL) contains long-lived radionuclides
in quantities that need a high degree of isolation from the biosphere [53]. This is typically
provided by disposal in geological formations at a depth of several hundred metres.

The boundary between short-lived and long-lived waste cannot be specified in a universal
manner with respect to concentration levels for radioactive waste disposal, because
allowable levels will depend on the actual radioactive waste management option and the
properties of individual radionuclides. However, in current practice with near surface
disposal in various countries, activity concentration is limited to 4000 Bg/g of long-lived
alpha emitters in individual radioactive waste packages, thus characterizing long-lived waste
which is planned to be disposed of in geological formations. This level has been determined
based on analyses for which members of the public are assumed to access inadvertently a
near surface repository after an active institutional control period, and perform typical
construction activities (e.g., constructing a house or a road).

Applying this classification boundary, consideration should also be given to accumulation
and distribution of long-lived radionuclides within a near surface repository and to possible
long term exposure pathways. Therefore, restrictions on activity concentrations for long-
lived radionuclides in individual waste packages may be complemented by restrictions on
average activity levels or by simple operational techniques such as selective emplacement of
higher activity waste packages within a disposal facility. An average limit of about 400 Bq/g
for long-lived alpha emitters in waste packages has been adopted by some countries for near
surface disposal facilities.

In applying the classification system, attention should also be given to inventories of long-
lived radionuclides in a repository that emit beta or gamma radiation. For radionuclides such
as '*’I or *Tc, allowable quantities or average concentrations within a repository depend
strongly on site specific conditions. For this reason, national authorities may establish limits
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for long-lived beta and gamma emitting radionuclides based on analyses of specific disposal
facilities.

High level waste (HLW)

The high level waste (HLW) class largely retains the definition of the existing classification
system [53]. This waste contains large concentrations both of short- and long-lived
radionuclides, so that a high degree of isolation from the biosphere, usually via geological
disposal, is needed to ensure disposal safety. It generates significant quantities of heat from
radioactive decay, and normally continues to generate heat for several centuries.

An exact boundary level is difficult to quantify without precise planning data for individual
facilities. Specific activities for these waste forms are dependent on many parameters, such
as the type of radionuclide, the decay period and the conditioning techniques. Typical
activity levels are in the range of 5 x 10* to 5 x 10° TBq/m’, corresponding to a heat
generation rate of about 2 to 20 kW/m® for decay periods of up to about ten years after
discharge of spent fuel from a reactor. From this range, the lower value of about 2 kW/m’ is
considered reasonable to distinguish high level waste from other radioactive waste classes,
based on the levels of decay heat emitted by high level waste such as those from processing
spent fuels.

The suggested boundary levels for high level waste need not be distinct because of the
general consensus that a high degree of isolation is necessary for management of radioactive
wastes having very high concentrations of short- and long-lived radionuclides. National
programmes exist to manage such radioactive waste.

Additional considerations

A number of additional important factors should be considered when addressing specific
types or properties of radioactive waste [53].

Waste containing long-lived natural radionuclides

Many countries must address the disposal of very large quantities of waste containing long-
lived natural radionuclides. Such waste typically contains natural radionuclides like uranium,
thorium, and radium and is frequently generated from uranium/thorium mining and milling
or similar activities. It may also include waste from decommissioning of facilities, where
other isotopes may also be present. The characteristics of these wastes are sufficiently
different from other wastes that they may require an individual regulatory approach.

Although these wastes do contain long-lived radionuclides, their concentrations are generally
sufficiently low that either they can be exempted or disposal options similar to those for
short-lived waste may be considered, depending on safety analyses.

Heat generation

Although heat generation is a characteristic of high level radioactive waste, other radioactive
wastes may also generate heat, albeit at lower levels. Heat generation is dependent upon the
type and content of radionuclides (half-life, decay energy, etc.). Furthermore, the heat
removal situation is highly important (thermal conductivity, storage geometry, ventilation,
etc.). Therefore, heat generation cannot be defined by a single value. The relevance of heat
generation can vary by several orders of magnitude depending on the influencing parameters
and the temperature limitations. Management of decay heat should be considered in a
repository if the thermal power of waste packages reaches several W/m®. Especially in the
case of long-lived waste, more restrictive values may apply.

Liquid and gaseous waste

The treatment of liquid waste (which may contain paniculate solids) and gaseous waste
(which may contain aerosols) aims at separating the radionuclides from the liquid or gaseous
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phase and concentrating them in a solid waste form. The separation is pursued until the
residual concentration or total amount of radionuclides in the liquid or gaseous phase is
below limits set by the regulatory body for the discharge of liquid or gaseous waste from a
nuclear facility as an effluent. Treatment may include a storage period for radioactive decay.

Liquid and gaseous radioactive waste exceeding discharge limits set by national authorities
should be conditioned for storage, transport and disposal. Only following sound safety
analysis should radioactive waste in liquid or gaseous form be transported off the site or
disposed of in terrestrial repositories in their original forms. Storage for decay at the facility
of their origin may be considered as part of the conditioning process.

The classification of liquid and gaseous radioactive waste may be based on the different
types of treatment that can be used, and on potential radiological, chemical and biological
hazards. When solidified or conditioned for disposal these wastes fall under one of the solid
radioactive waste classes.

Key issues for waste management

The key issues for waste management on radioactively and potentially radioactively
contaminated sites are summarized below.

- Averaging volume. This is the volume of waste over which the activity concentration
of radionuclides is averaged. Categorisation of waste (see below) is made on the basis
of the averaging volume, which is therefore a key parameter in the design of a site
characterization and any subsequent remediation. The averaging volume of any waste
produced from the site characterisation or subsequent remediation should be agreed
with the relevant environment agency during the survey design stage. In practice this
agreement will be established on a case-by-case basis.

- Waste minimisation. Operators of nuclear-licensed sites will have both environmental
policies and site licence conditions that state that waste production should be
minimised. Strategies for intrusive investigations and for other aspects of the site
investigation should be selected with this requirement in mind.

- Categorisation of wastes. Definition is firstly in terms of radioactivity but should also
include other aspects, such as the water or leachable oil content of solid wastes and the
hydrocarbon content of liquid wastes. Ensure that disposal routes are available for all
wastes that will be produced.

- Define responsibilities for wastes. Define responsibilities for the characterisation,
packaging and storage/disposal of radioactive and non-radioactive wastes. Note that
this applies both to wastes produced on the site and to wastes arising from the
laboratory analysis of samples.

- Waste segregation. Health physics monitoring during the site investigation should be
used to make an initial segregation into the radioactive and non-radioactive waste
streams required by the site operator. Waste segregation is crucial to minimise
production of radioactive wastes.

- Confirmatory analysis of wastes. Prior to final sentencing of waste, laboratory analysis
should be undertaken to confirm the waste category, and to ensure it conforms to
acceptance criteria.

- Waste disposal. Ensure that wastes are disposed in accordance with site operating
procedures (if available) and legislation. Ensure duty of care for non-radioactive
wastes.

The level of relative enhancement of any wastes above background levels needs to be
determined. Cases have arisen where elevated natural levels of radiation have resulted in
problems over the sentencing of waste arising.

Some of the mentioned issues are dealt with in more detail below.
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2.9.3

On-site facilities for management of radioactive wastes

Operational nuclear-licensed sites

Operational nuclear-licensed sites will have in general facilities for the management of both
solid and liquid radioactive wastes. Typically on such sites, the site operator will retain
responsibility for the storage and ultimate disposal of any solid radioactive wastes produced
during the site investigation.

Under this arrangement, the contractor would be responsible only for the packaging of the
solid radioactive wastes, in containers to be approved by the site operator. It would be for the
site operator to ensure that disposal routes are available for both solid and liquid radioactive
wastes; this may include obtaining variations to existing authorisations under the applicable
regulations.

Facilities for the treatment and disposal of many liquid wastes are available on operational
nuclear-licensed sites. Different categories of liquid waste are primarily defined by
radioactivity limits. However, because the waste treatment plants will have been designed to
treat the principal waste streams produced during routine operations on the site, and not with
contaminated land investigations in mind, there may be the requirement to pre-treat site
investigation wastes before disposal in the liquid effluent treatment plant. Pre-treatments
may involve reducing suspended solid load, by processes such as flocculation/coagulation,
settling and filtration, and reduction of dissolved or free-phase hydrocarbon or solvent
contamination, by treatment with granular activated carbon. It is important to determine the
waste acceptance criteria for liquid wastes, and hence the requirements for any pre-
treatment, during the planning phase of the site investigation.

Non-nuclear-licensed sites

On non-nuclear-licensed sites where no facilities are available for the treatment or disposal
of solid or liquid radioactive wastes, the site owner will need to make appropriate plans and
arrangements, and obtain the necessary authorizations and agreements for waste
accumulation and disposal. The treatment and packaging requirements for solid wastes will
depend on the route for their eventual disposal. A mobile effluent treatment plant may be
required if authorisation cannot be obtained for direct discharge of liquid wastes to the waste
storage or treatment plant or into the environment.

On-site segregation of wastes for radioactivity

The radionuclide fingerprint of the potentially contaminated material must be known in order
to select appropriate instruments and methodologies for assigning wastes to the different
categories. Wastes in which fission products (such as '*’Cs) or radium are the principal
contaminants can be segregated using certain hand-held gamma detectors, for example a 3
inch x 3 inch sodium iodide detector. Calibration of the detector for the particular nuclide
and geometry (e.g., a semi-infinite plane or an excavator bucket full of waste) will be
required.

It is not adequate or appropriate to segregate alpha- or beta-contaminated wastes using hand-
held instrumentation. It will either be necessary to use an on-site laboratory to carry out
gross alpha and gross beta screening analysis of representative samples of the waste or to
categorise wastes after the laboratory radiochemical analyses of soil samples become
available.

Management of non-radioactive waste
Non-radioactive wastes may be known as ‘controlled waste’ and includes waste arising from

domestic, industrial and commercial premises, as well as hazardous waste. Non-radioactive
wastes derived from site investigations are controlled waste. The ways of managing these
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wastes are rapidly changing, with more emphasis on reducing the volumes sent to landfill by
recycling, and pre-treating that which is landfilled.

Site waste management plans (SWMPs) are designed to manage waste, improve
environmental performance, help regulation and provide evidence to regulators and clients.
Currently, site waste management plans can be voluntary codes of practice. However, legal
requirements are rapidly changing in most countries, and legislation can be expected in the
near future. Once site waste management plans become mandatory they are anticipated to
apply to projects and will affect anybody in the construction chain. How such a site
remediation project will be defined by this legislation is uncertain, but if site characterisation
works are classed as part of major construction and demolition projects on radioactively
contaminated sites then site waste management plans can be expected to be required, or
adhered to as part of the management of a larger project.

Classification of non-radioactive waste

In most countries regulations exist for landfill waste dumps for pollution prevention and to
control the non-radioactive waste disposal. These regulations will continue to develop and
will have a significant impact on the management of wastes.

Main impacts on waste producers may be that:

- Certain kinds of wastes cannot be sent to landfill for disposal (e.g., liquids, chemical
substances arising from research and development which are not identified, and
explosive and reactive materials);

- Biodegradable wastes are to be increasingly diverted from landfills;

- Landfills are classified according to whether they can accept hazardous, non-
hazardous or inert wastes. Wastes may only be accepted at a particular landfill if they
meet the relevant waste acceptance criteria (WAC) for that class of landfill; and

- Most wastes must be treated before they can be landfilled.

The organization(s) that will take the responsibility for the wastes produced during site
remediation should be identified at an early stage in the project. These are most likely to be
the consultants managing the project, but in some circumstances it may be either the site-
remediation sub-contractor or the site management.

The waste producer is responsible for ensuring that basic characterisation of the waste is
undertaken to establish its key characteristics, as specified by regulations. In particular,
details of the chemical composition and leaching behaviour of the waste may be required.

Once the waste is characterized, management options can be considered in accordance with
the waste hierarchy. Waste minimisation, reuse, recovery and final disposal should be
considered in that order. Where disposal by landfill is identified for all or part of the waste,
the producer will need to consider appropriate treatment options.

In order to determine whether the waste is hazardous waste or non-hazardous waste the
producer should first consult the national hazardous waste list (if existing) derived from the
European Waste Catalogue. This may list all waste streams and may mark waste streams that
are hazardous.

Having identified whether the material is hazardous or not, if the producer wishes to dispose
of the material at landfill, further characterisation is likely to be required against the waste
acceptance criteria (WAC) to determine if it is acceptable at a given landfill. The waste
should then be periodically checked to ensure that those properties have not changed. When
treated waste is consigned to a landfill, the landfill operator will carry out on-site verification
at the site on each load to ensure that the waste is as described by the producer.

The full waste acceptance criteria consist of:

- A list of acceptable inert wastes;
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- Leaching limit values; and

- Analysis of various organic compounds including mineral oil, polycyclic aromatic
hydrocarbons and polychlorinated biphenyl, as well as total organic carbons and/or
loss on ignition.

For inert wastes there may be a list of acceptable wastes. If the waste is a single waste stream
comprising waste on the list of acceptable inert waste, and uncontaminated by other
materials, then it may be accepted at an inert landfill without testing. For wastes that may be
inert, but are not on this list, testing must be undertaken against leaching limit values, and
also limit values for other criteria, including total organic carbon, to demonstrate that it is
inert.

There are no leaching limit values for non-hazardous waste, because the primary requirement
is to ensure that the waste is not hazardous. For hazardous wastes there may be a hazardous
waste list. If the waste is on this list then, if it is to be disposed of at landfill, it needs to be
subject to leaching tests and meet the limit values and other criteria in order to allow it to be
disposed of off-site. Guidance on definition and classification of hazardous wastes has been
provided in Section 2.9.4.

Treatment of non-radioactive wastes

Waste destined for landfill must be subject to prior treatment. Landfill regulations may
provide definitions of treatments from which the following test (the ‘three-point test’) has
been derived. Any potential treatment must fulfill all of these three criteria, but need only
meet one of the four objectives of the third point:

- It must be a physical/thermal/chemical or biological process including sorting.
- It must change the characteristics of the waste.

- It must do so in order to:

. Reduce its volume, or

o Reduce its hazardous nature, or
o Facilitate its handling, or

) Enhance its recovery.

The waste producer makes the initial decisions about the management of their wastes and
therefore in the best position either to treat or secure its treatment by others. If waste is to be
sent to landfill after treatment then, depending on the treatment, testing to confirm whether
the material should still be classified as hazardous waste must be carried out to establish its
acceptability at landfill. Of particular relevant to site characterisation generated wastes is that
simple physical dilution, without any concurrent chemical or physico-chemical changes, is
not an acceptable treatment process. Therefore, the dilution of contaminated soil with other
soils in order to lower the concentrations of contaminants of concern below those for
hazardous waste is unacceptable. Mixing waste to achieve a physico-chemical change, in
pursuance of the third criterion, may be acceptable.

Management of problematic waste and material generated during remediation of
radioactively contaminated sites

Environmental remediation activities related to any nuclear licensed facility (e.g., NORM
industry, nuclear power plants, defense sites, etc.) present several problems in the
management of the generated waste and obsolete redundant material. The waste arising from
environmental remediation is often different from the waste generated during normal
operations or routine maintenance of the facility.
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These differences may include its chemical, physical and radiological characteristics, the
physical form and the general amounts or volumes. Owing to these specific characteristics,
some of the waste could be considered as being problematic, for example waste for which
application of routine methods of handling, treatment and conditioning is not appropriate and
therefore requires special considerations for the selection of specific management options.
For such environmental remediation waste and material proper planning and selection of
appropriate waste management and material management options are of particular
importance from the organizational, health physics, safety and economic points of view.

Some examples of the problematic nature of specific environmental remediation waste are as
follows:

- High volume-low activity material may give rise to economic concerns over the
disposal of the waste (e.g., contaminated soil). The volume of waste in this category is
dependent on the national clearance levels.

- Some waste may be considered problematic because of the inventory of radionuclides
that it contains (e.g., waste containing radionuclides of high radiotoxicity and mobile
radionuclides such as '*C and tritium).

- Some waste may be considered problematic because it is difficult to encapsulate in
cementitious matrices (e.g., soil containing aluminium, beryllium and uranium —
depleted metal). Corrosion of the material can lead to the generation of high levels of
hydrogen, which can disrupt the encapsulation matrix and can introduce a risk of
explosion. Also, expansion of the waste form can occur, due to the formation of
corrosion products.

- Additional problems can occur in the encapsulation of waste material in a
cementitious grout, in which the waste material can affect the product properties of the
grout (e.g., high nitrate, fluoride and borate bearing liquid waste). The immobilization
of phosphate, such as tributyl phosphate, or high levels of sodium hydroxide in some
waste streams, can cause accelerated cement setting, leading to ‘flash’ setting of the
waste form.

- Some types of waste can be problematic because of their physical nature (e.g., non-
aqueous phase liquids such as oils, organic complexants and the degradation products
of organic polymers). These components of waste may enhance the mobility of
radionuclides in the disposal environment. They are difficult to immobilize because
they are often just absorbed and not chemically bound within the immobilization
matrix.

- Waste may also be considered problematic because it is hazardous due to either its
physico-chemical properties or its inherent toxicity. These types of material represent
a potential hazard to human health or the environment when improperly treated, stored
or disposed of, or otherwise mismanaged. Among these types of waste the main
concerns are on material that is hazardous and/or toxic by its chemical or physical
nature. An analysis of the specific characteristics of such waste, and of its possible
management options, is important for ensuring the safety of environmental
remediation activities.

In this section problematic waste and material are identified as those that require special
handling and treatment because of their unique combination of radioactivity, toxicity or
chemical and physical hazards. This section reviews the origins of these types of waste and
their characteristics, potential hazards and management options [55].

An integrated approach to the consideration of organizational principles, the regulatory
background and the technical options for dealing with these types of waste and material is
important in order to ensure the efficiency of the selected options, the safety of workers and
public, stakeholders, and the protection of the environment.
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Information already exists on the management of some problematic types of waste and
material and on particular technologies and their application for handling, storage and
processing. A review of the available information on this subject, analysis of related data and
experience, and discussion of related problems would be of particular benefit for all parties
planning environmental remediation activities.

The information summarized in this section will assist in the selection of adequate processes
and technologies to solve particular waste management problems with different types of
problematic waste and material during environmental remediation activities.

The overall approach (see Section 2.2.2.1) is not influenced by the requirements for the
management of toxic and hazardous waste. However, the presence of these material types
needs to be fully considered. In contrast with radioactive waste, which decays with time,
delayed environmental remediation would not lead to a decrease in the associated hazards
and toxicity of such waste; in fact the opposite is the case, in that delay may lead to
decreasing integrity of the material and components, which may cause additional problems
with the environmental remediation and management of the associated waste. This important
factor should be taken into consideration when defining the environmental remediation
strategy and making the selection of appropriate remediation options and associated
techniques.

The choice of an environmental remediation option will mainly be based on technical, safety,
economic and regulatory considerations. These considerations will enable the operator to
select the most appropriate environmental remediation option. Although radiological hazards
predominate in environmental remediation activities, toxic and other conventional hazards
must be taken into account during the decision making process.

The definition of an environmental remediation and waste management strategy needs to
fully consider the technical problems associated with the management and processing of all
radioactive and hazardous waste. Experience of environmental remediation has shown that
while the use of and requirements for personal protective equipment for radiological
purposes during clean-up of sites may decline with time because of radioactive decay, the
use of personal protective equipment for toxic and hazardous waste may remain constant or
increase with time as material degrades.

For each option it is necessary to consider the volume and physico-chemical form of the
toxic and hazardous material generated. ‘Cradle to grave’ processes should be available for
the handling and treatment of all material (including waste) arising from any environmental
remediation activity before these activities are undertaken. It should be kept in mind that in
most countries no waste repository is available and that therefore safe interim storage
facilities should be provided for the material until a suitable disposal option becomes
available. Therefore, involved regulatory agencies should be consulted in an early stage and
have to be taken in during the total planning process to get approval for selected options.

To determine a suitable environmental remediation strategy, information about the site and
operational history is required (see Section 2.4, Historical site assessment). It has to be
stressed, therefore, that record keeping during the operational life of a site and careful
radiological and physicochemical characterization of waste and material are crucial.

For the purposes of this section the following definitions of hazardous and toxic waste and
material are used:

- Hazardous. Waste and material that because of their quantity, concentration and/or
physical, chemical or infectious characteristics may pose a substantial potential threat
to human health or the environment when improperly handled, treated, stored or
disposed of, or otherwise mismanaged.

- Toxic. Waste and material that contain certain substances determined to be harmful to
human health in very small concentrations.
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To distinguish between the two definitions, it is helpful to consider that all toxic waste is
hazardous but not all hazardous waste is toxic.

There are some general considerations that are common to toxic and hazardous waste. The
disposal of toxic waste in either shallow land burial or in deep geological facilities needs to
consider the long term behaviour of the waste and has to respect the national regulations for
its disposal. Special requirements may also be defined by regulatory authorities for the long
term storage of hazardous waste if a disposal option is at present not defined or not available.
As was indicated above, it should be considered that unlike the hazards related to
radioactivity, the hazard from toxic waste will not reduce with time. However, some unstable
toxic waste, mainly of an organic nature, could degrade while in storage or disposal,
resulting in the generation of non-toxic products.

There are various national regulations concerning the limits for emission of toxic
compounds, their concentration in drinking water, etc. These particular limits should be
respected when preparing the safety analysis for toxic waste treatment, conditioning and
disposal.

One of the possible options for the management of environmental remediation waste,
including some hazardous components, is to consider recycling and reuse of components of
the waste. Another option is the processing of this waste for storage and final disposal. These
options are discussed in general in the following sections of this report in relation to
particular types of hazardous material.

Table 2.10 Commonly occurring radiological hazards associated with problematic waste and
material in a nuclear power facility

Probability of commonly Comments
occurring radiological hazard

Activation |Contamination

Beryllium High Medium  |The degree of contamination of the beryllium depends on
whether it is cladded
Sodium and sodium- High Medium  |Contamination in secondary circuit sodium is low and
potassium alloys consists mainly of tritium
Cadmium High Low When cadmium is used in fuel storage flasks it may be

only slightly activated

Mercury Low High Activated mercury may be used as shielding in research
reactors or as target material in accelerators

Lead Low High Where lead is activated it can be difficult to demonstrate
compliance with clearance levels because of selfshielding
effects

Cyanide None High Cyanide is used for caesium removal purposes and hence

is not activated

Decontamination None High Some spent decontamination solutions may contain
chemicals activation products
Asbestos Low Medium  |Asbestos may be used as insulation material on reactor

pressure vessels, but commonly the radiological hazard
occurs from contamination on the surface

Polychlorinated None Medium  |Polychlorinated biphenyls are commonly found in oils,
biphenyls paints and other organic based material

All types of material arising during environmental remediation activities, including
chemically toxic and other hazardous material, could be activated or radioactively
contaminated depending on the nature of the nuclear facility in which the material originated
and/or the purpose for which the material was employed. Therefore their treatment,
conditioning and disposal consider both the radiological and non-radiological hazards
associated with these types of material and waste [55]. Table 2.10 summarizes the commonly
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occurring radiological hazards associated with the problematic waste and material generated
during decommissioning and of which the possibility exists that it has to be taken into
account during environmental remediation.

In [55] information can be found about:

- Form of the problematic waste;

- Typical hazards;

- Possibilities for recovery and reuse;

- Waste treatment and management.
Waste transport and disposal

Wastes shall be disposed in accordance with the national relevant legislation and may
impose duty of care on persons concerned with controlled and special waste. The duty
should apply to any person who produces, imports, carries, keeps, treats or disposes of
controlled or hazardous waste, or to a broker who has control of such waste. It requires that
anyone who has a responsibility for controlled or hazardous waste ensures that it is managed
properly and recovered or disposed safely. Under the duty of care, there are four main
requirements:

1. To prevent any other person committing the offences of depositing, disposing or
recovering controlled (or special) waste without a waste management licence, contrary
to the conditions of a licence, or in a manner likely to cause environmental pollution
or harm to health. This will be achieved by:

a. The use of a reputable waste disposal contractor appropriately registered for
disposal operations;

b. Verification that the waste management licence permits the disposal operation
to be undertaken;

c. Conducting an audit trail on the disposal operation.

2. To prevent the escape of waste. This will be achieved by:
a. The use of appropriate transport containers;
b. Each container (sealed drum or closed skip) will be labelled in accordance with

national and European regulations of dangerous goods.

3. To ensure that, if the waste is transferred, it goes only to an authorised person, or, to a
person for authorised transport purposes.

4, This will be achieved by:

a. The use of a reputable waste disposal contractor who is a registered waste
carrier;
b. Verification of the validity and currency of the waste carrier registration;
C. Conducting an audit trail on the disposal operation.
5. When the waste is transferred, to ensure that there is also transferred a written

description of the waste, a description good enough to enable each person receiving it
to avoid committing any of the offences under (1) above and to comply with the duty
at (2) above to prevent escape of waste.

This is achieved by raising a consignment note for each consignment of liquid or solid waste
that is disposed. Written information regarding treatment should be contained on or with the
Duty of Care transfer note.
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2.9.6.1

2.9.6.2

Off-site road transport
Radioactive material movements

The transport of radioactive materials by road is subject to legislation relating both to
radioactive content and to any chemical or physical hazards [29]. The legislation regarding
radioactive material movements requires understanding of radiation protection issues.
Specialist advice from a radiation protection adviser should be sought to ensure that all
transfers of radioactive materials are in accordance with this legislation.

Transport regulations apply also to off-site transport by air, sea and rail and to shipment
across international frontiers. However, these are of less relevance to contaminated land
investigations, and are not discussed further in this guidance.

In the context of a site investigation, these regulations may be relevant to the movement of
solid and liquid samples to a testing laboratory or archive and to the movement of waste to a
disposal facility.

The consignor, who is responsible for transporting the radioactive material, in addition to the
general duty to exercise reasonable care, must ensure that:

- If this is the first shipment using a specific type of package that the relevant
authorizations have been obtained from the competent authority;

- The correct package type is used for the radioactive material (the total activity,
external dose rate and surface contamination levels are appropriate to the package

type);
- The package is correctly labelled;

- The package is transported in accordance with the legislation;

- The documentation complies with all the relevant legislation and relevant information
is provided to the carrier;

- The consignor maintains a quality assurance programme;

- The consignee, who receives the radioactive material, is authorised to accept the
radioactive material (i.e., it is a nuclear-licensed site or they have an authorisation to
accumulate and dispose of radioactive material);

- The emergency arrangements are in place.
Nuclear materials

EURATOM safeguards apply to the civilian use of radioactive materials in the member
states of the European Community.

One of the requirements is a system of accountancy and control of all nuclear materials
subject to the legislation. “Nuclear materials” refers to any ore, source or special fissile
material as defined in Part VI of the Commission Regulation (EURATOM) No 3227/76,
1976. For organisations handling only small quantities of these materials (such as potentially
could be produced from a contaminated land investigation), only special fissile materials
(*Pu and uranium enriched in *°U or ***U) are subject to the legislation. Further, plutonium
with an isotopic concentration of ***Pu in excess of 80% by activity is exempted.

It is possible that samples produced from the investigation of a site contaminated with fissile
radionuclides may require registration under the nuclear materials accountancy system (see
above). It is not clear whether there is any “de-minimis” level below which the samples can
be exempted from this system. Advice on the storage and transport of such material should
be sought from the site operator who in turn will take advice from the regulator.
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2.10.1

Stewardship

After remediation has been completed, the degree, extent and duration of control, if any,
ranging from monitoring and surveillance to restriction of access, should be reviewed and
formalised with due consideration of the residual risk [14]. The organisation responsible for
the surveillance and verification of activities should be clearly identified [Principle 4].

There are several possible end points for the remediation process [12]:
- Use of the area may be unrestricted;

- Use of the area may need to be restricted in some or all parts and control may need to
be exercised, for example, through a system of planning consents;

- Access to the area may need to be restricted and measures may need to be put into
place to enforce this.

In each case, further surveillance and monitoring may be required to confirm the long term
effectiveness of the programme of remediation, and additional controls may need to be
imposed on the basis of the monitoring results.

The degree, extent and duration of control, if any, ranging from monitoring and surveillance
to restriction of access, should be reviewed and formalised with due consideration of the
residual risk.

So long-term stewardship results from the need to address the reality that ‘clean-up’ of
facilities can not in all cases achieve conditions deemed acceptable for unrestricted use and
will therefore require some form of management far into the future.

Defining stewardship

The long term and life cycle management of radiological liabilities requires certain
provisions and institutions. In recent years the term stewardship has been coined to describe
the various activities associated with the long term management of sites with radiological
liabilities [16].

In general, ‘long term stewardship’ indicates the technical, societal and management
measures needed to ensure the long term protection of humans and the environment at sites
characterized by residual hazards after active remediation or assessment has been completed.

Different audiences have used the term ‘long term stewardship’ with different meanings.
According to the Oxford English Dictionary, a steward is a person entrusted with the
management of another’s property. In this sense, stewardship in the present context means
taking care of sites or land with radioactivity in the ground. More specifically, it refers to
those instances or phases of such sites, where, for instance, active remediation has been
completed, but residual radioactivity is left, not allowing the free release of the site or land.

Accordingly, the United States Department of Energy (USDOE) defines stewardship as:

“The physical controls, institutions, information and other mechanisms needed to
ensure protection of people and the environment at sites where DOE has completed or
plans to complete ‘clean-up’ (e.g., landfill closures, remedial actions, removal
actions, and facility stabilization). This concept of long term stewardship includes,
inter alia, land-use controls, monitoring, maintenance and information management”.

Long term stewardship may also be defined as:

“The implemented institutions, controls, information, and mechanisms necessary to
protect the public and the environment from legacy waste, radioactively contaminated
sites and/or groundwater, deemed impractical, unsafe, or too costly to remediate to
free release standards [24].
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Some other definitions can be read in a report by the National Research Council of the
United States National Academies. This Council defined the roles of a long term steward of
a site with long lived hazards as [56]:

- A guardian, stopping activities that could be dangerous;

- A watchman for problems as they arise, via monitoring that is effective in design and
practice, activating responses and notifying responsible parties as needed;

- A land manager, facilitating ecological processes and human use;

- A repairer of engineered and ecological structures as failures occur and are
discovered, as unexpected problems are found, and as (additional) re-remediation is
needed;

- An archivist of knowledge and data, to inform future generations;

- An educator to affected communities, renewing memory of the site’s history, hazards
and burdens;

- A trustee, assuring the financial resources to accomplish all of the other functions.

The concept of long term stewardship is also known by several other names, depending on
the organisation, for example:

- Long term surveillance and maintenance;

- Legacy management;

- Long term monitoring and surveillance.

The scope of a stewardship programme is outlined explicitly by the IAEA [6], [16]:

“The type, extent and duration of the restrictions and controls for site release can
range from monitoring and surveillance to restriction of access to the site. They
should be proposed by the operator on the basis of a graded approach and in
consideration of factors such as the type and level of residual contamination after
completion of clean-up, relevant dose constraints and release criteria; and the human
and financial resources necessary for the implementation of the restrictions and
controls. The restrictions proposed by the operator should be enforceable by the
regulatory body and the clean-up plan should specify which entity will ensure that the
restrictions are maintained.”

Depending on the prevailing regulatory framework under which clean-up is to be
accomplished, either the state, regional, tribal, or federal organisations will have to bear the
responsibilities and/or authorities for long-term stewardship.

Nevertheless, it would always be the objective of life cycle management to minimize the
need for stewardship within an overall optimizing management approach.

However, developing successful monitoring, institutional controls, engineering controls,
maintenance activities and information management to last for hundreds, even thousands of
years required for these radioactively contaminated sites and structures is a huge challenge.

Integration of planning for stewardship into the remediation plan

Although the general consensus appears to be that remediation decisions and long term
stewardship decisions are best made conjointly, this has not always been followed in
practice. This bifurcation can result in stewardship plans that are difficult to implement and
enforce, and disproportionately costly for the benefit they provide [140]. Ideally the
remediation decision would be one step of the life cycle planning process, with the
preference for a comprehensive plan that provides the greatest benefit-to-cost ratio over the
life of the facility.
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To complete a detailed remediation plan before operation is nearing completion, is
recommended, but review and adjustment are likely to be necessary for practical reasons.
Whatever stage in the process the site has reached, integration of the remaining steps into a
life cycle management approach could improve short term decisions for long term benefits.
For example, design decisions about the site layout can minimize both site disturbance and
environmental impacts, while still providing operational efficiencies. If the site is in the
remediation phase, considering the remaining life cycle in immediate decisions may indicate
to decision makers, for instance, that slight increases in short term costs or worker risks may
significantly reduce stewardship costs and minimize overall impacts.

In long term stewardship, the many decisions intended to minimize human health hazards
and the environmental impacts that have been incurred earlier in the life cycle must be
accepted (see Section 2).

The integration of planning for stewardship during the operational and remediation phases is
not limited to physical actions. Other considerations may include the building up of trust
funds for long term stewardship (see Section 5.2.10), avoiding foreclosing future options and
taking contingencies into account when making decisions.

Maintenance/long term behaviour of engineering solutions

Design goals and boundary conditions of engineered solutions

Many opportunities exist to reduce long term stewardship costs, reduce environmental
impacts and enhance the longevity of engineered features. Consideration of long term
stewardship in engineering at the design stage, with periodic updating if and when required,
is one of the critical areas to achieve this integration. A mentality of the minimally
acceptable with the least short term cost could cloud leading decision making over the whole
life cycle of the site.

Likewise the notion to remediate to background levels everywhere can also limit leading
decision making by spending too much without gaining adequate benefit in performance or
protection, while having an impact on the environment and potentially on worker safety.

While the ‘useful service’ or ‘design’ life of engineering solutions are certainly concepts that
all design engineers are familiar with, the timescales are generally orders of magnitude
shorter than those of interest in the present context. For most civil engineering structures,
continuous or periodic maintenance is also implicitly assumed. Methods and concepts to
predict the long term behaviour of near surface structures are still in their infancy, while the
problem itself has been explicitly recognized in the context of the performance assessment
for radioactive waste repositories.

Thus, the erosion resistance features can be modelled on the basis of short term data, but
methods to assess the long term performance need to be developed on the basis of insight
into geomorphological processes. Basin scale, statistical studies, rather than discrete
mechanistic studies, might provide the necessary insight.

The long term stability of engineering structures has also to be assessed in view of the
probability of major accidents such as seismic events. Over the last few decades, highly
engineered capping designs have been developed, which are also commonly required by
regulators with the intention of reducing radon emanations and external exposures to gamma
radiation, as well as minimizing water infiltration. However, these designs are likely to retain
their high sealing performance for only a limited period of time. Signs of deterioration in
performance (an increase of permeability in the sealing layer) are usually already observable
5 to 10 years after emplacement. A good way forward to ensure long term stability of the
capping appears to be an emulation of the natural soil structure as found in the vicinity of the
remediated site. Although such ‘natural’ capping designs (with the use of long lasting natural
materials and structures mimicking as far as possible the natural soil profile) are likely to
have a lower immediate sealing performance than plastic liners, for instance, this will be
outweighed by their long term stability.
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Recent flooding events in various parts of the world often seem to indicate, inter alia, that the
design basis, in particular with respect to the magnitude of infrequent events, is insufficient.
Precise flood water level records only go back some 100 years, while anecdotal evidence
may extend this to a few hundred years. Thus, a design basis may not capture an event that
occurs, on average, every 1000 years. Similar effects may occur in areas other than flood
defences.

Design for long term stability

In order to select and implement the most efficient design from the point of view of self-
sustainability over the long term, learning from natural processes and environmental
behaviour may be a valuable strategy. The paradigm is engineering with nature and not
against it.

The natural evolution of soils and diagenesis also give valuable insights into the
development of long term management plans. The contaminated material will not remain
unchanged in the long term, and assessment of its evolution will give confidence in the
project if diagenesis improves the retention of contaminants.

Limiting infiltration will reduce the need for seepage control downstream. Long term
management of the quality of drainage or seepage from the site is best provided for by some
form of passive water treatment. Active water treatment plants are labour and maintenance
intensive, and there are no guarantees that the resources will be available over the longer
term. Passive forms of treatment may include, for instance, either a limestone layer to
prevent the formation of acid drainage or a wetland to polish seepage water before release to
surface water courses [43].

Cappings and similar features are also intended to prevent bio-intrusion. The structure of the
cover, as heavily engineered as it may be, may not be able to prevent root intrusion in the
long term if it has not been designed to be compatible with the natural vegetation cover and
plant succession typical of the surrounding environment.

The ecosystem around a remediated site is the result of a process lasting for centuries or
millennia and is shaped by a wide variety of initial conditions and contributing factors, such
as the initial rock type, climatic evolution, and surrounding flora and fauna. The result is a
(dynamic) equilibrium between soil type, vegetation cover and climatic conditions. Any
attempts to reconstitute an ecosystem at the site, such as revegetation; need to be as
compatible as possible with the surrounding ecosystem(s).

The final use of the site needs to be compatible with the ecosystem in order to minimize
pressure on the site due to human use. Any environmental impact study is intended to assess
the potential of a site to be integrated into the surrounding environment. Indeed, the best
shape for a remediated site is achieved when it is compatible with the surrounding
geomorphology. This concerns in particular slope stability. From a geomechanical point of
view, gentle slopes contribute to achieving low relief energy.

Natural geological processes achieve this over millennia, and engineered structures may
benefit from observation of the evolving geomorphology and slopes around the environment
of a site.

While completing engineering for remediation, consideration of the stewardship
requirements on a site-by-site basis is recommended. In general, when considering
stewardship the following points should be kept in mind:

- Designs with low inherent (potential) energy are preferred to designs with higher
energies. This applies in particular to geomorphological relief energy: all above
ground structures are subject to the forces of erosion and will eventually disappear,
starting, of course, with any engineered capping. In addition, the surrounding
environment may have a high relief energy, although the actual engineered structure
may be below the surface (see Figure 2.12).
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- Designs with a low likelihood of failure and limited effect if failure occurs are
preferred to those that are less reliable: for example, self-sustaining systems and
approaches such as waste rock or tailings cemented by geochemically stable
secondary minerals or vegetated slopes similar to naturally sustainable slopes in the
area would probably have a good chance of surviving the long durations required for
long term stewardship.

- Designs that mimic diagenetic processes are preferred.

- Designs that maximize natural systems in the area and are compatible with the
surrounding area are preferred. Experience with existing disposal cells and similar
structures indicate that nature soon attempts to encroach on cells. This experience
favours designs with an ecosystem type of approach rather than a barrier control one.

- Designs that are based on natural attenuation and retention are preferred [144].

- Designs that include redundancies in protection are preferred.

Potential energy
relative to surface

Potential energy
relative to surface

)

Potential energy
relative to surface =0

Impoundment below
surface, but high relief
energy

\

Figure 2.12 Diagrams illustrating the concept of inherent potential energy in the design of
impoundments

A technical issue related to intergenerational communication is the longevity of permanent
markers to warn future generations of previous land use and possible residual hazards, for
example gravestones and other forms of visual sign. As this form of communication may be
the final layer of defence for warning future populations, markers and signs must be
developed with great care to ensure physical longevity. The problem of coding the
information is discussed in Section 2.11.3.

Transition to the stewardship phase

When an extended period of institutional control is the selected management option for the
site, the active remediation period will be followed by a period where control might be
transferred to the steward, who might be another party. This would require appropriate
planning and regulatory control [141]. The major milestone in this process is the decision
that clean-up has been achieved.
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Table 2.11 Criteria for the transition from closure to longterm stewardship [142]

Transition criteria

Description

Regulatory based
transition criteria

Results of the periodic review indicate that the results of the remediation actions meet the plans.

For sites where residues remain a post-closure plan has been approved, a survey plan recorded and the
ompetent authorities notified of the volumes and types of residues present.

Performance assessment has been made and analysis requirements have been met.

Title, deeds, property transfer documentation and any deed restrictions or covenants have been put into
place prior to the transition.

The long term stewardship plan has been approved by the competent authorities.

Infrastructure
transition needs

All required physical and administrative institutional controls are in good condition.
All accesses and utilities required for the site have been maintained.
Monitoring wells, monitoring equipment and ancillary equipment are in good condition.

Monitoring data and maintenance records have been reviewed to determine the condition of the wells,
and procedures are in place for maintaining and monitoring the performance of the equipment.

Any leachate collection system, related monitoring equipment and ancillary equipment are in good
condition.

Groundwater remediation equipment is operational, maintained and monitored.

Engineered caps or covers are in good condition. Monitoring data or the results of periodic reviews
indicate that the cap is performing in accordance with closure requirements.

Physical site boundaries have been located and are consistent with the legal description recorded with the
appropriate authorities and any deed restrictions.

Record keeping

The project file contains management plans, i.e. sampling, quality assurance and quality control
(QA/QC) and monitoring plans, and final decontamination and decommissioning reports.

Monitoring data and maintenance records have been reviewed to determine the condition of the wells,
and procedures are in place for conducting maintenance and monitoring performance of the equipment.

Data necessary for long term stewardship have been identified and documented, and the data types have
been defined.

Institutional control requirements have, if required, been incorporated into the land use plan.

Site documentation and project files contain the residual contaminant source term, contaminant
concentration and location, and potential risks to human health and the environment.

Site documentation and project files contain current as-built drawings of surface and subsurface site
features, residue locations, engineered features, monitoring wells, access and physical institutional
controls.

Required land use restrictions have been properly recorded with the competent authorities.
Historical and archaeological resources at or near the site have been located and documented.

Ecological concerns that may require modification of long term stewardship activities have been
documented.

Safety analysis reports, emergency preparedness documents and management plans are all in existence.

Scope, schedule
and budget

There is a transition schedule that includes adequate review periods for documentation, site inspections
and development of additional documentation.

The basis for the transition is included in the description of the proposed site.

The resources and personnel that are critical to accomplishing the tasks that are required in the transition
phase have been identified.

There is a listing of baseline changes that have been approved or of any new contracts or modifications
necessary before the transition can take place.

The expectation that the site will continue to perform as designed over the design life period is inherent
in the long term stewardship process.

The proposed site scope has to be consistent with regulatory requirements.

Special conditions

Any special historical or cultural/archaeological resources are identified and documented as well as
reviews required of the condition of historical or cultural resources under stewardship.

Any special ecological concerns such as the management of threatened or endangered species are
included in the scope and cost estimates.

Special management conditions for sites exposed to natural hazards, such as flooding or earthquakes, are
documented and incorporated into the management plans. Storm water requirements are incorporated
into the long term stewardship plans.
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Provisions need to be made for a scheduled and smooth transition period in order to ensure
(also see Table 2.11) that:

- All the necessary responsibilities have been transferred and there are no uncertainties
over which responsibilities belong to which party.

- All necessary records have been preserved.

- There is continuity of the post-remediation and compliance monitoring activities as
well as maintenance of the necessary infrastructure.

- The engineered containments for the residual contamination continue to be
maintained.

- There is uninterrupted compliance with site use restrictions and other controls to
ensure the integrity of any engineered containments.

In reality, it may be a question of definition when the active remediation period ends and
when a site is actually transferred into the long term stewardship phase. This may also occur
at different times for different environmental compartments. For instance, at a given site a
groundwater treatment scheme may continue long after the surface soil remediation has been
completed. Thus, while the site use may be controlled under a stewardship programme, the
underlying aquifers may still be actively remediated. If the groundwater remediation is
carried out by the steward, it could be claimed, however, that this is part of the stewardship
programme.

Several stewards may be involved for a given period of time with the same site: one could be
a user of the surface area, while another organization is responsible for the monitoring of the
groundwater and possibly its remediation.

The range of activities, decisions and related records for the transition of a USDOE site from
closure to long term stewardship is discussed, for example, in [143]. The slow progress of
remediation and towards stewardship has been a major concern at many sites, and strategies
have been developed to accelerate this transition.

Consideration of non-radiological hazards

While this document is concerned with residual contamination from activities involving
radioactivity, most, if not all, radiologically contaminated sites will also exhibit some level
of non-radiological contamination. This comes primarily from the fact that many sites will
have had a number of different processes occurring on them historically. Practices that
would not be acceptable today may have led to chemicals and hazardous materials entering
the soil, surface water and groundwater, for example due to inadequate containment, poor
disposal practices or accidents. In the case of mining, for instance, operators may have not
been aware of the hazard posed by certain constituents in the geological material they have
been using.

There are a number of potential problems with sites exhibiting cocontamination [7]. For
example, in many countries the legislation dealing with radiological and non-radiological
contaminants may differ considerably, both in terms of environmental risk assessment and in
authorization for disposal.

The environmental risk from non-radiological contaminants may in some cases be greater
than that from the radiological species present, but this is often ignored due to the general
perception of increased risk from radioactivity.

The presence of other contaminants alongside radionuclides may result in the latter’s
mobilization or attenuation through changes in chemistry [144] It is only through a
comprehensive knowledge of all contaminant species present that predictions of remediation
success and engineering integrity can be made.

139



2.10.4

2.104.1

2.10.5

Provision of a skill base and retention of knowledge

Successful execution of stewardship requires a range of special skills and knowledge
frequently akin to that required for the original operations at the site in question. However,
closing down the original operations typically leads to key qualified staff seeking
employment elsewhere. Assigned stewards have to develop strategies to retain qualified staff
or a roster of qualified consultants and contractors.

The maturing market for environmental services from the mid-1990s onwards raises
concerns over the availability of a suitable workforce to implement remediation and the early
stages of stewardship programmes. If the nuclear industry itself has ceased to evolve or even
exist in the future, there will also be the possibility that the qualified workforce will become
depleted. It is important, therefore, that a small skill base be somehow retained for both the
short and longer terms. As the land use will undoubtedly have changed, the skill base itself
will need to change in an appropriate manner in order to manage the new facets of the site.

The shorter term aspects are again easier to cover. Reorientation programmes, such as that of
the International Science & Technology Center (ISTC) [145] that aims to redirect Russian
weapons scientists to civilian projects including environmental ones, may be useful. Similar
activities are taking place in support of the redirection of the major US national laboratories.
In USDOE complexes a range of strategic measures and incentives for employees are used:

- Establishing a database for all the activities covered by the US Office of
Environmental Management for critical questions and initiating mechanisms to foster
temporary assignments;

- Offering incentives to employees eligible for retirement to delay their departure so as
to work at closure sites;

- Removing salary offsets for retirees and offering other incentives to reemploy retirees
at closure sites.

Development of management tools

The fact that there are always alternative approaches to set up long term stewardship
programmes necessitates quantitative comparisons of the various alternatives at both the
planning and operational stages. A variety of such tools, including cost-benefit analysis,
decision analysis and prioritization processes, are available but few of these are tailored to
the specific needs of a long term stewardship programme.

In order to foster trust and ensure traceability of decisions on remediation work and other
activities leading towards stewardship, all work should be carried out to internationally
recognized standards, such as ISO 14000 [146], for which specific guidance would still need
to be developed.

Start of a long term stewardship

Figure 2.13 shows the generic life cycle management of a (nuclear) facility [16], [56]. The
early stages of the life cycle consist of identifying the need for an activity site and selecting
the site as well as designing, constructing and operating the facility (e.g., a facility
processing minerals causing a contamination of NORM or TENORM material (Technically
Enhanced Natural Occuring Radioactive Material) or a nuclear facility.

At the end of the operational phase, the site undergoes decommissioning and active
remediation. Decommissioning involves actions such as decontamination, demolition and
dismantling of buildings and equipment, and sometimes waste conditioning depending on
national regulations and licenses.
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Figure 2.13 Life cycle management

During active remediation, engineered, physical and chemical measures (e.g., caps, liners,
reactive barriers and micro-organisms) may be put into place to protect human health and the
environment. In some countries, decommissioning and active remediation are considered as
an integrated process. In these countries, the boundary between decommissioning and the
onset of site remediation is blurred, and there might be different cycles of decommissioning
and site remediation. In some countries, these cycles may last for decades to allow the decay
of short-lived radioactivity and this process is called ‘safestore’.

In these cases, there may be interim “fit for purpose’ land uses at the end of each cycle. In
contrast, in other countries, decommissioning is completed before site remediation begins, so
that the boundaries are clearly defined.

A site may also be split into sub-sites that are fit for free release and others that require
institutional control. A suitable split may greatly facilitate a subsequent stewardship
programme.

The determination of estimation of the time when remediation is complete and long term
stewardship begins may differ between countries and may well vary for different types of
sites within a country [16]. Many times the determination of when remediation is complete is
based on when the regulator certifies or by some means designates that the remedial actions
taken have met the originally established remedial objectives. Groundwater remediation in
some cases tends to have very long remedial durations, which creates a unique timing issue
over when remediation is complete and long term stewardship begins. The duration depends
on the time needed for active water treatment. This is a critical issue to consider early in the
remediation phase, especially if the parties responsible for remediation and long term
stewardship are not the same entity or may change over time.

Long term stewardship begins after the end of decommissioning and active remediation [16].
The intermediate guarantee phase of several years that is sometimes imposed for engineered
structures, etc., might be viewed as part of the active phase or already be part of the
stewardship phase. Long term stewardship fundamentally does not encompass any active
remediation. Hazards on the site will have been removed or been contained by engineered
systems put into place during the active remediation phase, or natural processes, such as
attenuation, dispersion or radioactive decay, will have been used to keep exposures below
levels of concern. Long term stewardship primarily involves the care and maintenance of the
site and any structures built as part of the remediation solution. Monitoring activities ensure
that the remediation solution behaves as predicted and that any land use restrictions are
complied with. In some cases, a permanent solution may have been deferred until a (more)
suitable remediation technology has been developed, and the site has been put into a
stewardship-like state in the interim period.

A long term stewardship programme is being developed during the active remediation and
decommissioning phase, and addresses monitoring and maintenance as well as including
provisions for corrective actions in case of deviation from the predicted behaviour of the site.
The final end state is ideally the unrestricted release of the site. However, if any control
measures remain necessary, long term stewardship needs to be put into place. If unrestricted
release is not possible, the site can still be used for specific purposes (e.g., industrial use) but
the steward needs to ensure that the restrictions are complied with.

Overview of long term stewardship drivers
Principal drivers for needing long term stewardship at a site may be a combination of:
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- Priorities - Owner, local, federal priorities may not support funding for clean-up to
free-release levels;

- Long-lived contaminants - Radionuclides, chemicals, and metals may not be easily or
quickly broken down to safe constituents;

- Lack of technology - No further environmental benefit from remediation may be
attainable with existing technology or asymptotic levels have been reached, e.g.,
groundwater and vadose zone;

- Risk — Short term human health or environmental risks of conducting remedial
activities may outweigh the benefits of remediation.

Challenges of long term stewardship

The challenges of long term stewardship are associated with the time frames under
consideration. Many regulations assign authority and responsibility for environmental
contamination into the foreseeable future, i.e., decades, but residual contamination at
facilities or sites may remain hazardous for a very long time. The objectives of long term
stewardship should be to ensure adequately long-lived monitoring, institutional controls,
engineering controls, maintenance activities and information management for the related
radioactively contaminated sites and/or groundwater.

The societal aspects of long term stewardship may present several important challenges, such
as building trust, communicating the nature of the risks and of the remediation and
stewardship options, reconciling economic, management and technical issues with
considerations of public values and beliefs, resolving ethical questions and engaging
stakeholders in the decision making process, and thereafter retaining stakeholder
commitment [16].

Components of long term stewardship

Many aspects of long term stewardship are intended to maintain the long term protectiveness
of the remedy. Components of long term stewardship therefore should include:

- Management - Stewardship for radiological liabilities must be framed for very long
time horizons. Given the long half-lives of many relevant radionuclides, and compared
to the average human life, “long term” in essence means eternity. However, it is also
clear that, during the life cycle of site management, the stewardship will encompass an
extremely broad range of issues and activities [16].

- Institutional/Administrative Controls - Control exposure to hazardous substances by
establishing (governmental) controls and providing legal enforcement tools. It is
recommended that institutional control activities defined for a remediated site where
restrictions are maintained after remediation has been completed should be included in
a monitoring and surveillance plan that should be subject to periodical review and to
approval by the competent authority.

- Physical/Engineered Controls - Implemented to treat or stabilize contamination, to
physically contain or isolate waste, or to prevent access.

- Monitoring and Maintenance - Ongoing environmental monitoring to determine the
effectiveness of the remedy, improve understanding of the contaminant interactions
with the site, and support maintenance of engineered controls to guide decisions on
when and how to modify long term stewardship activities.

- Information Management Systems and Repositories - Maintenance of environmental
data and other information relevant to the remedy including public communication.
When sites make the transition from clean-up to long term stewardship, site stewards
and stakeholders should be given detailed information about the location and the
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nature of residual hazards, the processes that generated them, and the engineered and
institutional controls that are part of the remedy [Principle 5].

- Periodic review of the remedy and, if needed, alteration of the remedy - At regular
intervals, for example, every five years, a review should be conducted to evaluate the
implementation and performance of a remedy in order to determine if the remedy is or
will be protective of human health and the environment.

- Site access - Restriction of access to contaminated sites and/or institutional control
may be required to be maintained in cases of serious residual contamination [12].

- Removal of restrictions - If the monitoring and surveillance programme has verified
the long term effectiveness of the remedial measures in eliminating unacceptable risks
to human health and the environment, consideration should be given to removing any
restrictions applied to the site and ending or reducing the extent of the monitoring and
surveillance.

Societal and ethical challenges relating to long term stewardship

The societal aspects of long term stewardship may present several important challenges, such
as [16]:

- Building trust at the stakeholders. Stakeholders in the specific case of long term
stewardship may be different as during the remediation of the site and should be
identified;

- Communicating the nature of the risks and of the remediation and stewardship;
- Defining societal criteria for defining and implementing stewardship strategies;

- Managing ethical questions and engaging stakeholders in the decision making process
and thereafter retaining stakeholder commitment [16].

- Keeping stakeholders involved;

- Reconciling economic, management and technical issues with considerations of public
values and beliefs.

Contaminated sites are socially constructed risks. As in the case of most socially mediated
risks, the significance - and hence the acceptability - to an individual, to members of a
community or to a society, of exposure (or a danger of exposure) to a dose, depends on how,
by whom and why the dose has been produced. Correspondingly, in order to assess to what
extent or on what basis the members of a society will judge acceptable (or not) a given
strategy for management of high level long-lived radioactive residues, it is necessary also to
consider the meanings and relationships (in social, economic, cultural and symbolic terms)
that alternative remediation and stewardship strategies might establish between the people -
individuals, classes, interest groups, succeeding generations and whole nations - implicated
in the site stewardship process.

Optimisation of the remediation and long term stewardship process

In future all kind of public and private organisations will continue to spend a lot of financial
means on the characterisation and assessment of contaminated environmental media and on
the selection, construction, operation, maintenance, and monitoring of environmental
remediation systems [28]. As the various environmental clean-up statutes and their
implementing regulations evolved, the initial assumption was that these programmes could
follow a basic “study, design, build” linear paradigm. However, years of experience has led
to the realisation that the significant uncertainty inherent in environmental clean-up requires
more flexible, iterative approaches that manage uncertainty. Uncertainty, as demonstrated by
frequently missed target dates, has forced the development of mechanisms that allow for
both the systematic re-evaluation of initial objectives and the continuous improvement and
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optimisation of remediation technologies and techniques. These mechanisms and re-
evaluations are known collectively, or generally, as “remediation process optimisation”
(RPO). With schedules for projects in the operating and maintenance or long term remedial
action phase frequently being measured not merely in years, but in decades, remediation
process optimisation is not a just option, but a necessity.
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Figure 2.14 Effort versus time in typical remediation actions
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In the initial stages of a remediation action, much of the effort is on characterisation and
source remediation; limited effort is spent on monitoring. As the project matures, most of the
resources are spent for monitoring and operations and maintenance. Figure 2.14 depicts
effort and cost versus time for a typical conventional remediation action at a contaminated
site. As shown by the dashed line, at most sites it cannot be assured how long it will take to

reach closure.
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A remediation process optimisation review is a way to evaluate the status of the remediation
process and get an idea of when to expect closure. Instead of continuing with a long term
operations and maintenance period, the cost as well as the time to completion can actually be
reduced through the process of optimisation, as shown in Figure 2.15.

Depend