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FOREWORD

by Mohamed ElBaradei
Director General

The TAEA’s Statute authorizes the Agency to establish safety standards
to protect health and minimize danger to life and property — standards which
the IAEA must use in its own operations, and which a State can apply by means
of its regulatory provisions for nuclear and radiation safety. A comprehensive
body of safety standards under regular review, together with the IAEA’s
assistance in their application, has become a key element in a global safety
regime.

In the mid-1990s, a major overhaul of the TAEA’s safety standards
programme was initiated, with a revised oversight committee structure and a
systematic approach to updating the entire corpus of standards. The new
standards that have resulted are of a high calibre and reflect best practices in
Member States. With the assistance of the Commission on Safety Standards,
the TAEA is working to promote the global acceptance and use of its safety
standards.

Safety standards are only effective, however, if they are properly applied
in practice. The TAEA’s safety services — which range in scope from
engineering safety, operational safety, and radiation, transport and waste safety
to regulatory matters and safety culture in organizations — assist Member
States in applying the standards and appraise their effectiveness. These safety
services enable valuable insights to be shared and I continue to urge all
Member States to make use of them.

Regulating nuclear and radiation safety is a national responsibility, and
many Member States have decided to adopt the IAEA’s safety standards for
use in their national regulations. For the Contracting Parties to the various
international safety conventions, IAEA standards provide a consistent, reliable
means of ensuring the effective fulfilment of obligations under the conventions.
The standards are also applied by designers, manufacturers and operators
around the world to enhance nuclear and radiation safety in power generation,
medicine, industry, agriculture, research and education.

The TAEA takes seriously the enduring challenge for users and regulators
everywhere: that of ensuring a high level of safety in the use of nuclear
materials and radiation sources around the world. Their continuing utilization
for the benefit of humankind must be managed in a safe manner, and the
TAEA safety standards are designed to facilitate the achievement of that goal.
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1. INTRODUCTION

BACKGROUND

1.1. A large number of areas that have been contaminated by residual
radioactive material as a result of past activities or accidents require
intervention'. These areas may be very large and of specific interest and may
call for major commitments of resources in terms of funding and personnel.
Some past activities and accidents have led to significant radioactive
contamination of areas in many Member States. This contamination may
represent a hazard to the general public and the environment. Other areas that
were contaminated as a result of past or current practices” are small and can be
remediated as part of a larger decommissioning project, if such a project is
being prepared, or as a standalone project. Member States have expressed a
need for guidance on remediating areas contaminated by past activities and
accidents.

1.2. The TAEA Safety Requirements publication on Remediation of Areas
Contaminated by Past Activities and Accidents [1] establishes safety
requirements for the remediation of areas that require intervention. Guidance
on the remediation of smaller areas as part of the decommissioning process for
practices is provided in Ref. [2].

OBIJECTIVE

1.3. The objective of this Safety Guide is to provide guidance on
implementing the requirements for the remediation of areas contaminated by
past activities and accidents [1]. It is intended to be used by regulatory bodies,
operators and others responsible for remediating sites and, in the case of an
accident, contributing to the recovery process.

! An intervention is defined as any action intended to reduce or avert exposure or
the likelihood of exposure to sources which are not a part of a controlled practice or
which are out of control as a consequence of an accident [3].

2 A practice is defined as any human activity that introduces additional sources of
exposure or exposure pathways or extends exposure to additional people or modifies
the network of exposure pathways from existing sources, so as to increase the exposure
or the likelihood of exposure of people or the number of people exposed [3].



SCOPE

1.4. The situations dealt with in this Safety Guide are interventions for areas
that have been contaminated as a result of human activities and that could
cause prolonged radiation exposure. In this context, the term ‘areas’ is used in
its broadest sense and can include land, water bodies and industrial sites. These
areas may have been contaminated as a result of inadequate practices for
radioactive waste management and disposal, accidental radioactive discharges
to the environment that did not meet regulatory requirements, nuclear
accidents, atomic weapon tests, incidents involving releases of radionuclides by
users of radioactive material or past practices that were not adequately
controlled. This Safety Guide also applies to radioactive discharges from
facilities that were managed in accordance with less stringent requirements
than those that are applied today. It could also be relevant in the event of
malicious action involving radioactive material. This Safety Guide does not
apply to facilities that are currently under regulatory control and that may have
had emergencies that have contaminated small areas within the facility.

1.5. This publication provides recommendations for protective and remedial
actions that are intended to reduce existing prolonged exposures due to
contamination and to avert potential prolonged exposure or the likelihood of
such exposure from related contamination. This includes remedial actions such
as the removal of the source of exposure, as well as other long term protective
actions such as restrictions on consumption of foodstuffs produced in the area
and restriction of access to land areas or of land use. It covers other important
measures linked to remediation activities, such as the need for monitoring
programmes, although these do not contribute directly to the reduction of
exposure.

1.6. In certain situations, non-radiological hazards may be present together
with the radioactive contamination. Although the non-radiological hazards
should be assessed in conjunction with radiological hazards to find an optimal
remediation strategy, the scope of this publication does not include the manner
in which this can be accomplished.

1.7. In the context of intervention situations, the term ‘remediation’ has a
meaning that is similar to rehabilitation, reclamation and cleanup. It does not
include decommissioning, as decommissioning refers to the full range of
activities leading to the termination of an authorized activity.



STRUCTURE

1.8. Section 2 of this Safety Guide discusses the regulatory framework and
responsibilities. It also provides guidance concerning the prioritization of
remediation at the national level. Section 3 presents an overview of the general
remediation process and the first steps in the process. Section 4 provides
guidance on planning for remediation, while Section 5 covers the
implementation of remediation and includes guidance on such activities as
staffing and training, organization and administrative control, waste
management and radiation protection. Section 6 deals with post-remediation
issues, including the setting and removal of restrictions.

2. REGULATORY INFRASTRUCTURE
AND RESPONSIBILITIES

GENERAL

2.1. Many factors should be considered when ensuring the overall protection
of workers, the public and the environment during the remediation process. In
particular, several key administrative and technical issues should be addressed
before any remediation is considered. First, the regulatory framework of the
Member State should have adequate provisions for a governmental authority
to oversee the process. The responsibilities and powers of the regulatory bodies
should be clearly established, and the remediation process should be designed
and implemented in a systematic way, with each step and all decisions clearly
documented. Finally, the criteria should be established for making decisions on
whether remediation is required, and to what extent. General requirements for
the legal and governmental infrastructure are established in Ref. [4] and are not
repeated in this Safety Guide.

REGULATORY FRAMEWORK

2.2. Provisions are required within the regulatory infrastructure for the
regulatory body to review and approve proposed remediation plans that are
submitted by the organization responsible for implementing remedial
measures (Ref. [1], para. 5.5). The framework is required to include provisions



for the granting of licences or other authorizations as well as the imposition of
fines or other penalties that may be necessary during the remediation process
(Ref. [1], para. 4.9). A mechanism should be put in place that will ensure cost
recovery and funding for the regulatory body.

2.3. The regulatory infrastructure should provide for the regulatory body to
determine when a site or group of sites will require remediation. This is
essential to minimize the detrimental effects of the prolonged exposure
associated with some sites.

2.4. The regulatory framework should provide the basis for establishing
restrictions that may be placed upon the use of or access to areas, before,
during and, if necessary, after remediation.

2.5. “The legal framework shall provide for appropriate record keeping” of
information (Ref. [1], para. 4.7). This is particularly important where
restrictions are imposed on access to areas or on the activities that may be
conducted in these areas. A complete set of records should be available to aid
any subsequent actions necessary for the removal of any restrictions imposed.
Within the regulatory framework, a wide range of interested parties should be
consulted and kept informed of the site specific strategy and activities.

2.6. The legal framework is required to ensure that “adequate funding
mechanisms are available” for providing the necessary resources when needed,
even if responsible parties are unable to meet their liabilities (Ref. [1],
para. 4.4).

2.7. In the absence of specific regulations for remediation, the process should
be undertaken on a site specific basis under existing regulations for each
activity associated with the remediation. In such a situation, the organization
responsible for the remediation should consult, and obtain approval from, the
regulatory body for compliance with the existing regulations.

RESPONSIBILITIES

2.8. When a contaminated area has been identified, remediation of that area
should be the responsibility of the area’s owner or the operator (defined as the
responsible party) that caused the contamination, or of the legally responsible
successor organization. Often, however, such parties can no longer be located,
or they cannot fund the necessary remediation activities, or the contamination



was the result of an accident or of an activity that was supported by the
government. Since the actual remediation of a contaminated area may involve
several entities that include individuals who may be unfamiliar with radiation
protection principles, the roles and responsibilities of the different parties
involved in the remediation process should be clearly defined. In particular,
those persons or organizations responsible for providing adequate human
resources, equipment and supporting infrastructure and the necessary funding
for accomplishing the remediation should be clearly identified to the regulatory
body.

2.9. To discharge its responsibilities as defined in Ref. [4], the regulatory body
should have the appropriate resources, including properly trained and
experienced staff, facilities and financial commitments. Its responsibilities
should include:

(a) Identifying and quantifying potentially contaminated areas and the
associated responsible parties;

(b) Prioritizing contaminated areas;

(c) Establishing remediation criteria;

(d) Specitying the time when remediation activities should be initiated,;

(e) Reviewing and approving the selected optimized remediation strategy,
remediation plans and supporting documents relating to the performance
of remediation activities associated with a contaminated site, in terms of
radiological, non-radiological and conventional safety;

(f) Monitoring the remediation activities during implementation;

(g) Verifying that all final conditions have been met prior to terminating
regulatory control over the area;

(h) Formally terminating regulatory control over the area;

(i) Reviewing and approving any restrictions or institutional controls if the
area is released for restricted use;

(j) Ensuring public participation in all activities associated with the
remediation process;

(k) Liaising with other regulatory organizations that have responsibilities for
non-radiological hazards in the same area.

2.10. The overall responsibility for the planning and implementation of the
remediation activities should remain with the responsible party, even when
contractors are used to perform specific tasks or functions. “The identified
responsible parties for the remediation of an area shall be responsible for all
aspects of safety until the completion of the remediation effort” (Ref. [1],
para. 4.10). The responsible party should develop a public information



programme to provide regular information throughout the remediation project
and to allow public participation in the planning and implementation process.
The responsible party should also:

(a) Retain the necessary resources, expertise and knowledge for remediation;

(b) Keep records and documentation relevant to the history, operation and
remediation process so that such information can be transferred to any
supporting or successor owner or operating organization;

(c) Prepare a remediation plan and all supporting documentation for review
and approval by the regulatory body;

(d) Ensure the safety of workers and the public and protection of the
environment during the safe implementation of the approved
remediation plan;

(e) Report to the regulatory body on a scheduled basis any safety related
information as required by the terms of the remediation plan;

(f) Report to the regulatory body any unusual incidents that may occur
during the remediation process;

(g) Ensure the maintenance of records and documentation following the
completion of remediation for a period of time as specified by the
regulatory body.

PRIORITIZATION OF CONTAMINATED OR POTENTIALLY
CONTAMINATED AREAS

2.11. To implement the requirement for a national remediation strategy, areas
that have been identified as contaminated should be prioritized. Following the
initial characterization of each area, an inventory of contaminated areas should
be prepared, which includes their locations, the types and properties of the
contaminants, the size and environmental characteristics of the areas, the
populations actually or potentially exposed and any other relevant factors.

2.12. The inventory of contaminated areas should then be prioritized in
accordance with the level of risk to human health and the environment. Other
factors, such as socioeconomic impacts, availability of funds, availability of
remediation techniques, availability of scientific data and potential effects on
neighbouring States, may also have a strong influence in determining the
priorities for remediation. If the parties responsible for some of the identified
sites are ready to perform the remediation activities at their own cost, the
remediation of these sites should not be postponed awaiting the national
remediation strategy prioritization.



2.13. The identification and prioritization of contaminated areas should be
aided by the involvement of government agencies other than the regulatory
body and by private organizations. The national strategy should provide for
their input into the process.

2.14. To assist in determining priorities, the regulatory body should use
reference levels (see paras 3.18-3.23 of this Safety Guide and Ref. [5]) on the
basis of an a priori assessment of situations that could occur. The priorities may
also be established by comparison with other similar areas where exposures or
activity concentrations are considered to be acceptable. Documentation of the
process used for the prioritization of the list should be maintained. As new
areas are identified, they should be added to the list and the list should be
prioritized once again; however, repriorization should not prevent remediation
from progressing.

3. OVERVIEW OF THE REMEDIATION PROCESS
AND INITTIAL DECISION MAKING

GENERAL

3.1. The overall remediation process shown in Fig. 1 involves four main
activities: (a) initial site characterization and selection of remediation criteria;
(b) identification of remediation options and their optimization, followed by
subsequent development and approval of the remediation plan; (c)
implementation of the remediation plan; and (d) post-remediation
management. Following the completion of each of these main activities, a
decision should be made about whether to release the area or part of the area
for either restricted or unrestricted use, or to proceed to the next activity. The
differences in implementation for specific areas 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 in this process.

OVERALL APPROACH IN THE REMEDIATION PROCESS

3.2. Planning for remediation should begin once the regulatory body has
identified a contaminated site or in accordance with the prioritization list. The



necessary funds should be available either from the responsible party or
through other mechanisms provided for in the legislation. The responsible
party should collect available information about the contaminated area and
should perform a historical site assessment (see paras 3.14-3.17). Interested

Conduct historical site

assessment

Select remediation
criteria

Perform site
characterization

Have
remediation
criteria been
met?

Unrestricted
release

Restricted release

Source removal Pathway change

remediation
{mplemented

Have criteria
been met?

Have criteria
been met?

Restricted release

Unrestricted
release

Is futher
remediation
feasible?

Restricted release

FIG. 1. The remediation process.



parties, including past and present owners, workers, local industry, residents,
neighbouring States and local governments, should be consulted to obtain
information, as appropriate.

3.3. General or specific reference levels should be used for an early analysis to
determine the type and extent of contamination that would require
remediation. These levels provide assistance in the early planning and can help
to establish the end criteria of any possible remediation activities. Paragraphs
3.18-3.23 provide additional guidance on selecting these remediation end
criteria.

3.4. Asite characterization (see paras 3.24-3.27) 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
area can be released without restrictions (i.e. no remedial actions are
necessary).

3.5. If the area 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. These
options should cover a broad range of situations and should be based on a set of
credible exposure scenarios.

3.6. For all the options identified, a study should be performed to determine
the option that is best for the area. The study should factor in both justification
and optimization. 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; the estimated doses to workers and the
public due to exposure before, during and after the remediation; the overall
safety issues during remediation; the available technologies; the considerations
for monitoring and sampling; the amount of waste that will be generated; and
the institutional controls required after implementation of the option, if
applicable.

3.7. For the set of options under consideration, optimization of protection
should be performed for the justified options, as explained in para. 3.6, 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.



3.8. For the selected option, a detailed “remediation plan showing that
remediation can be accomplished safely shall be prepared for each
contaminated area, unless otherwise required by the regulatory body” and the
“remediation plan shall be subject to the approval of the regulatory body prior
to its implementation” (Ref. [1], para. 5.5).

3.9. 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 as defined in this context and should thus
be covered in the remediation plan.

3.10. Once the plan has been approved, it should be implemented as soon as
possible. If it is decided not to remediate the area, decisions should be made on
imposing restrictions on its use or access prior to release (see paras 6.6-6.8). If
remedial actions are required, they should be implemented as soon as possible
(see Section 5).

3.11. Two types of remedial action are possible: (a) source removal or
(b) pathway change. After the approved remedial actions have been
completed, the regulatory body should evaluate the effectiveness of the
implementation.

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

3.13. 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 area should be released with restrictions, and should
submit a proposal accordingly to the regulatory body for approval. If
conditions have changed or additional information has been collected, and
further remediation is justified, the process (illustrated in Fig. 1) should again
be followed, starting at the stage at which the options are to be identified (see
para. 3.5).
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HISTORICAL SITE ASSESSMENT

3.14. A historical site assessment should be performed for all areas included in
the remediation project to determine the historical radiological conditions in
the area and to identify what additional information may be necessary to
enable an evaluation of the area to be performed. This assessment should be
made on the basis of operational and currently available information.

3.15. The objectives of the historical site assessment are:

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

(b) To identify the characteristics of the contaminants;

(c) Toidentify related past activities or accidents that occurred in the area;

(d) To determine whether the site poses a threat to human health or the
environment;

(e) To provide input into the design of the characterization survey;

(f) To provide an assessment of the likelihood of migration of contaminants;

(g) To determine possible responsible parties.

3.16. Existing information that provides a physical description of the area
should be collected, including aspects such as location, buildings, buried
material, physical barriers, geological and hydrogeological characteristics, type
of soil and human activities on or near the area that may help to identify
individuals who may potentially be affected by the remediation. The
information should be collected by means of (i) a review of old operational
records, past radiological and non-radiological surveys and local government
records and files, and (ii) interviews with present and former employees.

3.17. In the assessment of any environmental contamination, all the 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.

REMEDIATION CRITERIA
General

3.18. In the International Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Radiation Sources (Basic Safety

11



Standards) [3], reference levels have been defined for use within the system of
protection. These are referred to as intervention levels, expressed in terms of
avertable dose, and action levels, expressed in terms of dose rate or activity
concentration. In this Safety Guide, the term ‘reference levels’ includes
reference levels, intervention levels, investigation levels and recording levels as
defined in the Basic Safety Standards [3]. The 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. Within the scope of this Safety Guide, the reference level can
be chosen to be identical to the generic reference level introduced in Ref. [1].
“A generic reference level for aiding decisions on remediation is an existing
annual effective dose of 10 mSv from all sources, including the natural
background radiation. This will normally be assessed as the mean dose for an
appropriately defined critical group. Remedial measures would often be
justified below the generic reference level and national authorities may define
a lower reference level for identifying areas that might need remediation”
(Ref. [1], para. 3.2).

3.19. 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.

3.20. In addition to a generic reference level for the total effective dose, a
generic reference level for organ doses is also 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” (Ref. [1], para. 3.4).

3 In this Safety Guide, 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
radionuclides 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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3.21. 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 regulatory body), 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 Fig. 1.

3.22. 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 Bq/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.

3.23. On the basis of a generic reference level for the total effective dose of
10 mSv/a (or lower levels if specified by the regulatory body), 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).

SITE CHARACTERIZATION

3.24. In addition to the historical site assessment, a site characterization survey
should be performed to collect current information and to validate the
information provided in the historical site assessment. The survey will provide
information: (a) to determine the nature and extent of radiological
contamination; (b) to identify receptors and provide input to pathway analysis
and dose assessment or risk assessment models; (c) to identify various options
for the remediation; (d) to evaluate environmental, occupational and public
health and safety issues during remediation; (e) to evaluate and select
remediation technologies; (f) to classify and quantify potential waste; and (g) to
assist in the final survey design.

3.25. 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 (i.e. sampling of surface and subsurface soil, ambient
gamma measurements, sampling of airborne radioactive material, sampling of
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water and biota). The design of the characterization survey should be determined
by the conditions in the area, 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 made. 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.

3.26. The results of the characterization of the site and the evaluation of the
possible remediation options should be reported to the regulatory body, and its
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.

3.27. A characterization report should be prepared and submitted to the
regulatory body as part of the remediation plan.

Development of site specific criteria for remediation

3.28. 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 similar to that described in paras
4.3-4.12. Within this justification process, it should be 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.

3.29. 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 overreaction 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 socioeconomic 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.
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3.30. 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.

3.31. 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.

4. PLANNING OF REMEDIATION

GENERAL

4.1. When a decision has been made to remediate a contaminated area, a
remediation plan should be made. The first steps in the development of 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.

4.2. 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 area being
considered for remediation.

JUSTIFICATION AND OPTIMIZATION OF REMEDIAL MEASURES
4.3. Interventions in the form of remedial measures should be intended to

decrease existing and potential annual exposures, by removing existing sources,
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modifying pathways or reducing the number of exposed people. “For
contamination resulting from past activities and accidents, the required level of
remediation shall be established on a site specific basis and in accordance with
the radiation protection principles that apply to intervention situations”
(Ref. [1], para. 3.1). These principles include the justification of remedial
measures and the selection of the optimum measures among those justified. 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, economic costs, improvement of the economic situation,
the generation of secondary waste, 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

4.4. “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” (Ref. [1], para. 3.1(a)). The justification principle should be
implemented by means of an assessment of the overall radiological impacts
from the contaminated areas in question, 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 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.

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

4+ 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” [3].
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Optimization of remedial measures

4.6. “The remedial measures shall be optimized following the general
approach to the optimization of protection in the context of practices. The
optimum nature, scale and duration of the remedial measures shall be selected
from a set of justified options for remediation” (Ref. [1], para. 3.1(b)). The aim
is 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 [5]. Normally,
there would be a range of justified remediation options for which the net
benefit would be positive.

4.7. Some remediation options could involve restrictions on the use of the
area, even when the remediation end criteria have been met. Such an option
will, however, require institutional control as long as the restrictions are
deemed necessary. Options that lead to unrestricted release of the area 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. It is recognized, however, that site specific features such as
topography, size of the area and lack of waste management facilities might limit
the feasibility of a remediation option that leads to unrestricted release.

4.8. 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.

4.9. 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.
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4.10. 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.

4.11. 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 [6, 7] (see also paras 5.11-5.14).

4.12. 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.

REMEDIATION PLAN

4.13. “A remediation plan showing that remediation can be accomplished
safely shall be prepared for each contaminated area, unless otherwise required
by the regulatory body. The remediation plan shall be subject to the approval of
the regulatory body prior to its implementation” (Ref. [1], para. 5.5).

4.14. 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.

4.15. To achieve the objectives of remediation, decisions should be taken
concerning the following: 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.
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4.16. 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. As an integral part of any successful
remediation there should be a clear understanding by the interested parties of
the remediation end criteria.

4.17. 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. Specific guidance is provided in Section 5.

4.18. 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.

4.19. 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

4.20. 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.

4.21. The IAEA is developing information that addresses the monitoring of
sites to ensure compliance with regulatory requirements for remediation. The
general survey methodology can also be used for the site characterization
survey.
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DOSE ASSESSMENT

4.22. 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 in the area. 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,
even though the contamination levels may be rather high. 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.

4.23. The calculation of projected doses requires modelling of the various
exposure pathways from an environmental contaminant to people. The models
adopted may be of differing complexity depending on the processes involved in
this transfer. 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 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

4.24. 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.

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

4.26. When the responsible parties who caused the contamination or allowed it
to occur can be identified, those parties should be held responsible for the
remediation programme and its funding (in accordance with the ‘polluter pays’
principle). However, it should be recognized in the regulatory framework that
circumstances in many instances may be complex and that the total
remediation costs may be disproportionately high in comparison with the
actions of the organization that is causing or has caused the contamination; for
example, the contamination may have been caused by changes to exposure
pathways that were unforeseen when a discharge authorization was given, or
by an accident. It may also be that the economic costs apportioned to an
organization would be such that they could lead to its bankruptcy and
consequent inability to pay. The legislation should therefore be such as to
ensure that adequate funding mechanisms are available. Costs may fall wholly
or in part on owners, industry, developers, local communities or national
governments, as well as on the original polluter.

4.27. Since the apportionment of liabilities may be contentious, particularly
when large sums of money are involved, and formally designating an area 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.

4.28. 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.
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S. OPERATIONAL ASPECTS OF REMEDIATION

GENERAL

5.1. Once the preferred option has been selected and the planning for
remediation has been completed and approved, implementation of the
remediation should begin within an appropriate time frame, normally within
one to two years. The following sections identify issues that should be
addressed during the implementation phase.

STAFF AND TRAINING

5.2. The organization responsible for implementing the remediation activities
should have, or should have access to, competent staff to cover the following
areas adequately:

(a) Safety requirements of any permits or authorizations issued;
(b) Regulatory standards and issues;

(c) Radiation protection;

(d) Conventional industrial hazards;

(e) Data collection and evaluation;

(f) Environmental monitoring;

(g) Quality assurance and quality control;

(h) Radiochemical analysis;

(i) Geological and hydrogeological expertise;
(j) Waste management;

(k) Site security;

(1)  Project management.

5.3. In many cases contractors may be used to perform some or all steps of the
remediation plan; however, the responsible parties, as identified by the
regulatory body, are required to remain responsible for the safety of all
activities (Ref. [1], para. 4.10), including those performed by contractors. Non-
radiological hazards, such as hazards due to chemical contamination, may also
be present, and existing staff may not be familiar with the various aspects of the
requirements for protection against these hazards. Appropriate levels of
control, supervision and training should be provided to ensure the safety of
workers with regard to all hazards.
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5.4. 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. Specialized training may be needed in
certain areas of work. For some activities, the use of mock-ups and models in
training can enhance efficiency and safety.

5.5. The requirements for a basic training programme and for refresher
training should be stated in the remediation plan.

ORGANIZATION AND ADMINISTRATIVE CONTROL

5.6. Information should be provided to all interested parties concerning the
implementation of the remediation programme, including: identification of the
organizations responsible for implementing the programme; the provision of
adequate human resources, equipment and supporting infrastructure; the
organization 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. It should be noted that much of this information may
already have been provided as part of the development process for the
remediation programme.

RADIATION PROTECTION DURING REMEDIATION

5.7. Remediation workers will receive doses only if remedial measures are
introduced. “In the implementation of remedial measures, the exposure of
workers shall be controlled under the system of radiation protection for
practices” (Ref. [1], para. 3.5). The actual radiological conditions and the
effectiveness of specific protective actions taken during the remediation should
be compared with initial estimates of exposures and releases and the goals
established for their control.

5.8. If the remediation operations would give rise to exposure of the general
public living in or near the contaminated areas, the resulting doses should be
controlled under the system of radiation protection of the public that is applied
for practices. Normally, these doses would be justified in the light of future
doses that would be averted by the remediation. If the doses would be
significant, evacuation or relocation of the public should be considered based
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on the intervention levels for these measures, and the system of protection for
interventions should be applied. Unacceptable effects on the environment
should also be avoided during the remediation, and environmental protection
programmes should be considered, to minimize any harmful consequences that
might result in the near term or that might occur in the future.

ON-SITE AND OFF-SITE MONITORING DURING REMEDIATION

5.9. On-site and off-site monitoring should be performed during remediation
activities. 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 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).

5.10. Monitoring should be performed to evaluate the expected and actual
level of safety of workers and the public and protection of the environment
during the remediation. On-site monitoring should be conducted to provide
information for use in identifying and mitigating hazards. It should be ensured
that all potential exposure pathways are monitored. Off-site monitoring should
be designed to monitor whether and to what extent discharges to the
environment occur and to verify that regulatory requirements for the
protection of the public and the environment are being met.

WASTE MANAGEMENT

5.11. The waste arising from remediation operations should be accommodated
within an existing waste management system established for practices,
particularly if the amounts of waste expected are small. Waste may include:
solid waste, such as vegetation or metallic waste from initial activities for site
preparation; soil and rock; material from buildings or other structures; used
personal protective equipment; disposable items used during the collection,
preparation or packaging of samples; liquid and solid residues from samples
sent for analysis; liquid and solid waste from hygiene and changing facilities;
and water used for cleaning and decontamination or water abstracted from
groundwater on the site. If the existing waste management system is not
capable of dealing with the types and quantities of waste that will be generated
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during the remediation activities, the system should be adapted or
supplemented accordingly. During the planning activities, the inventory of
contaminated areas should include an evaluation of the amounts and
characteristics of the waste that could be generated by the remediation
operations. “The management of radioactive waste arising from the
implementation of remedial measures shall be considered one component of
the entire decision making process” (Ref. [1], para. 6.5).

5.12. The management of radioactive waste should include predisposal
management, transport and disposal. “The management of radioactive waste
shall comply with the international and national requirements for waste
management facilities” (Ref. [1], para. 6.6). An additional dose criterion of the
order of 10 uSv/a should be used for the clearance of material from a site that
contains radionuclides of artificial origin [8]. For material that is contaminated
with radionuclides of natural origin (except for *°K), a clearance criterion of an
activity concentration of 1 Bg/g should be used [8].

5.13. The following factors should be considered for the operations relating to
the management of the waste arising during the implementation of the
remediation programme:

(a) The types of waste may be very different, ranging from spent fuel and
fission products following a nuclear accident, to naturally occurring
radionuclides resulting from past industrial processes such as fertilizer
production and the mining and processing of uranium and thorium ores;

(b) The amount of waste arising from the remediation operations may be
very high (e.g. in the event of the removal of contaminated soil);

(c) Transport options to disposal sites may be limited;

(d) There may be no appropriate waste management facilities available for
dealing with waste of these types, or such facilities may be limited in
capacity.

5.14. The above factors should already have been dealt with in the
optimization process when the remediation option was selected; however,
during remediation activities, situations may arise that necessitate modification
of the remediation programme in response to changing conditions. The
regulatory body and the organization responsible for the remediation should
then evaluate whether there is a need to return to the justification and
optimization process that is required for interventions.
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EMERGENCY PLANNING

5.15. A programme for emergency planning that is applicable for remediation
activities should be established and described in the remediation plan [9].
Operating organizations 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.

SITE SECURITY

5.16. Appropriate means, commensurate with the associated hazards, for
restricting access to the area should be maintained throughout the remediation
activities. These measures should be described in the remediation plan.

QUALITY ASSURANCE

5.17. The organization conducting remediation activities should implement an
appropriate quality assurance programme under its management system [10,
11]. Activities for remediation and waste management should be performed by
properly trained individuals in accordance with approved work procedures.
Work procedures should be prepared for each activity. In the development of
the quality assurance programme, the need for the acquisition and retention of
records and information relevant to the area being remediated should be
emphasized.

5.18. A record should be maintained of each task carried out in the
remediation operations. Accurate and complete information concerning the
locations, configurations, types and amounts of radionuclides remaining in the
area after remediation is essential and should be acquired and maintained. For
the unrestricted release of the area, these records should be used to
demonstrate that all the radioactive material that was present at the beginning
of the activities has been properly accounted for and that its ultimate
destinations and uses have been specified and confirmed.
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ENSURING COMPLIANCE WITH REQUIREMENTS

5.19. The regulatory body should confirm that the remediation criteria were
correctly chosen and applied by the responsible party. The regulatory body is
required “To ensure compliance with the legal and regulatory requirements”
(Ref. [1], para. 4.9(j)), and should verify that the remediation end criteria have
been met.

5.20. The responsible party is required to submit to the regulatory body a final
remediation report, including any necessary final confirmation survey (Ref. [1],
para. 7.8) that shows that the remediation criteria have been met. The
regulatory body will use the information in the remediation report to develop a
confirmation plan and will implement this plan as an independent confirmation
of the responsible party’s survey data.

5.21. The regulatory body should compare the data presented in the results of
the final confirmation survey with the information presented in the responsible
party’s final survey report, and should verify compliance with the requirements.
If there is an assurance that the remediation end criteria have been met, the
regulatory body should agree that remediation has been concluded. If it is
determined that compliance with the requirements has not been achieved, the
responsible party should evaluate how to proceed. The options to be
considered should include further remedial work or the imposition of
institutional controls. Again, preference should be given to meeting the original
objectives. If revision of the remediation plan is envisaged, the process for a
new consideration of possible options as discussed in Section 3 and illustrated
in Fig. 1 should be followed.

5.22. Any quantitative recommendations will be difficult to implement unless
there are agreed approaches to the estimation of exposures for the purpose of
demonstrating compliance with the recommendations. Long term scenarios
should be specified to characterize the individuals potentially exposed and the
ways in which they may be exposed.

5.23. The quantification of uncertainties should be an integral part of the
estimation of annual radiation doses. Methods for estimating uncertainties vary
significantly, ranging from qualitative judgements about variability to more
rigorous approaches that include a statistical analysis of distributions for a
range of input values that have a bearing on the dose estimate. Uncertainty
analysis is evolving rapidly, and techniques for estimating dosimetric
uncertainties are still being developed. Whenever possible and appropriate,
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annual doses should be assessed as a distribution of possible values rather than
as single point values.

5.24. Radioactive residues are usually unevenly distributed in space, creating
heterogeneous situations of prolonged exposure. These should be addressed on
a case by case basis by making realistic assumptions about the patterns of
individual exposures. The selection of methods for evaluating heterogeneous
exposure will depend on the situation and on the objectives of the evaluation.

5.25. Annual doses in exposure situations involving long lived radionuclides
should be estimated on the basis of the assumption of unrestricted use of the
site under remediation. This assumption implies that all exposure pathways
that could realistically apply at any time in the future should be taken into
account. However, the outcome of the optimization process may be restrictions
on area use. Restrictions on use may preclude certain pathways and thus may
reduce exposures, thereby achieving some advantages while introducing the
disadvantage of having the restriction imposed. Scenarios describing restricted
use following remediation of a site will be case specific. Furthermore, decisions
about possible restricted uses may vary significantly within and between
different Member States. Restricted use will usually involve some form of
ongoing institutional control such as by means of a land use registry. The
possibility of the failure of this institutional control should be taken into
account in the estimation of exposures. For areas that are contaminated with
long lived radionuclides, consideration should be given to the fact that most
restrictions and institutional controls have a limited time period of
implementation, and sometimes this period is not commensurate with the half-
life of the radionuclide.

5.26. For areas where there is more than one site giving exposures at high
levels, the necessary degree of remediation should be determined by taking
account of the annual doses arising from all the high exposure sites as well as
those arising from the area as a whole. When there are sites giving high
exposure levels within a larger area where exposure has been prolonged,
remediation of these sites giving high exposure levels may be governed by local
regulations for decontamination.
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6. POST-REMEDIATION MANAGEMENT

RELEASE OF AREAS
6.1. There are several possible end points for the remediation process:

(a) Use of the area may be unrestricted,;

(b) 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;

(c) Access to the area may need to be restricted and measures may need to
be put into place to enforce this.

6.2. 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.

6.3. The “degree, extent and duration of control, if any (ranging from
monitoring and surveillance to restriction of access) shall be reviewed and
formalized with due consideration of the residual risk” (Ref. [1], para. 7.2). In
implementing this requirement, the recommendations made in this section

apply.
Unrestricted use

6.4. If the chosen remediation process involved the removal of contamination
itself, and if the area meets the required remediation end criteria, the area may
be released without restrictions. In this situation, the prevailing conditions are
considered to be the residual background conditions for a new practice or for
use of the land for habitation.

6.5. The remediation of the site for any new practice should be conducted on
the basis of the guidance presented in Ref. [2], which means that the
contribution to individual doses from the eventual remediation of the new
practice should not exceed an additional dose of 300 pSv/a over the new
background level that resulted from any previous remediation activities
following any previous practices. However, the sum of all possible
combinations of doses to members of the public due to exposures from all
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subsequent practices should not exceed an additional dose of 1 mSv/a over the
original background level before the first practice began.

Restricted use

6.6. The term ‘restricted use’ means that some types of use are allowed while
others are not; for example, in certain cases the use of an area for forestry may
be possible but its use for agriculture may be prohibited. Where a significant
part of the exposure due to residual contamination arises from the food chain,
the use of agricultural countermeasures should be considered. Similarly, the
use of an area for recreational, industrial or certain agricultural purposes may
be appropriate, but its residential use may not be. Impacts of the residual
contamination on aquifers should also be considered in this evaluation.

6.7. In cases where all reasonable remediation options are insufficiently
protective or in cases where the optimized remediation options do not include
removal of the contamination itself, specific restrictions on the future uses of
the contaminated areas are required to be imposed. Specific restrictions are
also required to be established for controlling the removal of material from
such areas or the use of such material (Ref. [1], para. 7.3).

Restricted access

6.8. Restriction of access to contaminated areas is required to be maintained
in cases of serious residual contamination (Ref. [1], para. 7.3(b)). The degree of
any such restrictions should be determined by the regulatory body. Depending
on the type and levels of residual contamination, access control measures may
vary from the placing of warning signs to fencing of various types and guarded
control stations. Area control personnel should have the legal authority to deny
access to the area, if required.

Removal of restrictions

6.9. 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 area and ending or reducing the extent of the
monitoring and surveillance. If the option of ending or reducing these services
is considered, the value of the monitoring and surveillance in promoting and
maintaining public confidence should be taken into account. In considering the
long term effectiveness of remedial measures, the environmental influence of
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physical, chemical, geological and other factors should be evaluated. In
particular, contamination of groundwater may not become apparent for some
time and may do so at some distance from the source of the contamination.
Such considerations should be documented in the remediation plan.

MONITORING AND SURVEILLANCE PLAN

6.10. A monitoring and surveillance plan is required to be prepared for any
remediated areas where restrictions are maintained after remediation has been
completed. The plan is subject to periodical review and to approval by the
regulatory body (Ref. [1], para. 7.6).

6.11. The extent of such monitoring and surveillance plans should be based on
the residual risks and their degrees of uncertainty and on the need to verify the
long term stability of the radiological conditions. Monitoring and surveillance
programmes should include, as necessary, environmental monitoring (of dose
rates, activity concentrations in soil, water and air, biological indicator species
and foodstuffs), whole body monitoring (if applicable) and dose assessment.

6.12. Decisions regarding the routine maintenance of such monitoring and
surveillance programmes should be documented in the remediation plan. The
results of the monitoring and surveillance programmes are required to be
documented and made readily available to interested parties to assist in
maintaining public confidence. An invitation to interested parties to participate
in the decision making is required also in the post-remediation phase (Ref. [1],
para. 7.7).

RECORDS

6.13. Records are required to be kept to document the remediation
programme and any lessons learned and changes made during its
implementation (Ref. [1], para. 7.9). Such records should include: descriptions
of activities performed; data from the monitoring and surveillance
programmes; occupational health and safety records for the remediation
workers; records of the types and quantities of waste produced and of their
management and disposition; data from environmental monitoring; records of
financial expenditures; records of the involvement of interested parties; records
of any continuing responsibilities for the site; identification of locations that were
remediated and those with residual levels of contamination remaining;
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specifications of any areas that remain restricted and the restrictions that apply;
statements of any zoning and covenant restrictions or conditions; and statements
of lessons learned.

6.14. Failures in the implementation of remedial measures can arise from a lack
of consensus among interested parties, often in the negotiations during the
decision making process regarding the implementation of the remediation
plan. While some conflicts between interested parties are apparent at the
outset of the decision making process, others may arise much later, for example
during discussions in which the actual implications of alternative decisions are
made explicit. All conflicts and their resolution in the decision making process
should be documented.

6.15. The organization responsible for maintaining and updating the
permanent records is required to be clearly designated (Ref. [1], para. 7.9), and
the provision of the necessary resources and notification of the regulatory body
should be considered.
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