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From: Robert Meck
To: ISCORS RECYCLE SUBCOMMITTEE
Date: Mon, Apr 21, 2003 11:28 AM
Subject: IAEA GUIDANCE ON CLEARANCE--U.S. Member State comments

Dear Colleagues:

Attached are the files for our review of the subject guidance. Formal comments are due to the IAEA by
August 14, 2003. Because of the time it takes to coordinate comments and get concurrence, I propose
that we meet to gather and review our comments in mid- or late-June. Please state your preference for
which week and which days of the week are feasible. I'll arrange for a meeting room here at NRC.
However, if the majority of the subcommittee finds it more convenient to meet in downtown DC, then I'm
open to another subcommittee member making such arrangements.

In the meantime, I'll put the electronic versions of the tables in the latest IAEA draft into a spreadsheet for
comparisons. I expect that the final NRC dose assessments (NUREG-1 640) will be available soon. I'll
include those in the spreadsheet, too. If other agencies wish for their assessments to be included, please
contact me. There are other levels such as the Reg. Guide 1.86 and ANSI N13.12 levels that would be
useful for inclusion, also. It will be several weeks before I can complete this task. However, I plan to get
the comparisons to you in advance of our meeting in June.

Of course, your comments and feed-back are welcome.

Best regards,

Bob

Robert A. Meck, Ph.D.
Senior Health Physicist
T9-F31
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Telephone: 301 415-6205
FAX: 301 415-5385
e-mail: ram2@nrc.gov
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The Secretariat of the International Atomic Energy Agency presents its compliments to the
Ministries of Foreign Affairs of Member States of the Agency and has the honour to request that
they draw the attention of the appropriate Governmental authorities to review the following draft
safety standard

Radioactivity in Material not requiring Regulation
for Purposes of Radiation Protection

This document is submitted in order to provide Member States and their experts the
opportunity for a simultaneous review and evaluation of the document. The English version is
enclosed.

Any proposed changes to this document resulting from the review by Member States will be
taken into account in the finalization of the safety standard.

Comments on the document should be provided in accordance with the guidance given in the
attached Explanatory Note.

A supporting draft Safety Report is also submitted for your information. Any significant
comments directly affecting the draft Safety Guide will be considered by the Agency in finalizing
this draft Safety Report.

The Secretariat of the International Atomic Energy Agency avails itself of this opportunity to
renew to the Ministries of Foreign Affairs the assurances of its highest consideration.

Attachments



Statement by the Commission on Safety Standards

The IAEA's safety standards are prepared and reviewed in accordance with a uniform process. To
this end, the Commission on Safety Standards and four Committees (NUSSC, RASSC, WASSC
and TRANSSC) with harmonized terms of reference were established in 1996. The Commission has
a special overview role with regard to the Agency's safety standards and provides advice to the
Director General on the overall programme on regulatory aspects of safety.

The uniform preparation and review process involves: organizing expert group meetings; arranging
at different stages of preparation for the internal review of draft texts; submitting documents to the
relevant Committee(s) for review; submitting draft texts to the Agency's Member States for
comment; and submitting the final edited draft of the safety standards' for endorsement by the
Commission before publication (see attached flow chart).

The Commission on Safety Standards stresses the importance of Member States' comments to the
preparation and review process for safety standards. The Agency's safety standards should not only
be of the requisite quality but should represent the consensus view of the Member States and should
address the issues of importance to the Member States. While the Commission, the Committees and
the Secretariat strive to provide safety standards that satisfy these criteria, the review of draft
standards in the Member States is an essential stage in obtaining the broadest possible technical
consensus and the highest possible quality and relevance.

Member States are also encouraged to provide the IAEA with feedback on the use of the published
safety standards. The full text of recent safety standards and the status of safety standards in
preparation are posted on the IAEA's Web site [wiviv.iaea.org/ns/coordinet]. The responsible
LAEA officer is Mr. A. Karbassioun of the Department of Nuclear Safety. He may be contacted for
further information in connection with this subject at (0043)-1-2600-22696 or through e-mail at
a.karbassioun @iaea.org

Safety Guides are published under the authority of the Director General. Safety Fundamentals and Safety Requirements publications
require the approval of the Board of Governors, after endorsement by the Commission.
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SHORT EXPLANATORY NOTE

This draft Safety Guide is intended to assist Member States in clarifying what activities need to be
regulated for radiation safety purposes. It has been prepared within the Agency's Safety Standards
programme, and its development has included Consultants Meetings, Technical Meetings and
meetings of the Safety Standards Committees (RASSC, WASSC and TRANSSC).

Objective

The objective of this Safety Guide is to specify levels of activity concentration in material below
which regulation for the purposes of radiation protection should not be required.

History

The enclosed documents have drawn upon the Secretariat's earlier work related to defining the
scope of regulation, including a 1999 draft Safety Guide containing criteria for the clearance of
material from practices, as defined in the Basic Safety Standards. The Safety Guide was in a final
draft stage ready for Member States review prior to the 2000 General Conference.

The 44th General Conference in 2000 adopted a resolution (GC(44)/RES/15) which requested the
Agency's Secretariat "to develop, using the Agency's radiation protection advisory mechanisms
and in collaboration with the competent organs of the United Nations and with the specialized
agencies concerned, during the next two years and within available resources, radiological
criteria for long-lived radionuclides in commodities, particularly foodstuffs and wood, and to
submit them to the Board of Governor's for its approval".

In considering the implementation of the resolution, concern was expressed within the Secretariat
that the establishment of criteria for commodities could create confusion because of the activity
concentrations already in existence in the BSS for exemption and the additional levels being
generated for clearance. It was also noted that activity concentrations exist for free trade in
foodstuffs during the first year following an accident and for drinking water quality. A meeting of
senior experts was held in Chilton, United Kingdom to discuss a systematic approach that would
provide a single set of values for determining when material would require regulatory control. In the
pursuing 18 months, four Consultants Meetings and four Technical Meetings were held with the
aim of producing a single set of values that would at the same time meet the requirements of the
General Conference resolution. The earlier draft Safety Guide developed for clearance was used as a
foundation for this effort.

In March 2002, the Waste Safety Standards Committee (WASSC) and the Radiation Safety
Standards Committee (RASSC) agreed that a draft Safety Guide (DS 161) should be sent to Member
States for comment. The Committees also requested the associated Safety Report, which provides
the basis for the activity concentrations presented in the draft Safety Guide, be provided as
background information.



Almost 300 comments were received from Member States concerning the draft Safety Guide. On
consideration of these comments it was found to be necessary to introduce significant modifications
to the documents. They were then resubmitted to TRANSSC, RASSC and WASSC for their review.
Because of the modifications and because of further changes introduced by the Committees
themselves, RASSC and WASSC at their meeting in March 2003 requested that the draft documents
again be sent to Member States for review and further comment.

Issues

During the RASSC, WASSC and TRANSSC meetings of early 2003, a number of issues related to
the former draft were identified and discussed. The current document reflects the position reached
by the Committees concerning these issues, some of which are indicated below. It may assist the
Member States when commenting on the draft Safety Guide to note the following points.

* Purpose of the document

The purpose of this Safety Guide is to assist Member States in defining as simply as possible a
boundary of applicability of radiation protection requirements. This is of benefit to both the
regulator and industry, since the use of it should avoid unnecessary regulatory oversight of everyday
activities that are of no regulatory concern. The Safety Guide deals only with material containing
radionuclides and sets activity concentration levels below which regulatory control of that material,
or of the activities within which they are used, should not be required.

An important potential application of the specified levels of activity concentrations is in facilitating
the transboundary movement of material containing only trace amounts of radionuclides.

* Relationship of this document with the Basic Safety Standards

The principle of placing bounds on the scope of regulation is not new. The Basic Safety Standards
employs the concept of exclusion to avoid the requirements applying to exposures that cannot
realistically be controlled. The BSS requirements do not apply to exposures that are unamenable to
control, such as exposures from 40K in the body or from unmodified concentrations of most raw
material. In most cases, the concept of exclusion is applied to naturally occurring sources of
exposure and there has been a desire for a more explicit demarcation of what is unamenable to
control. This Safety Guide provides further guidance by specifying activity concentration levels for
naturally occurring radionuclides in material below which regulation for their use is not warranted.
These levels have been established on the basis of comparisons with activity concentrations
commonly found in soils around the world.

In the case of 'artificial' radionuclides (i.e., those produced as a consequence of human activities),
the BSS concepts of exemption and clearance have been used to establish the relevant activity
concentration values based on doses to individuals that are considered trivial. The activity
concentration values in this Safety Guide differ from those of Table I of the BSS because they relate
to bulk quantities of material; those in the BSS are relevant to moderate quantities.

In discussion of this draft Safety Guide by RASSC and WASSC, it was suggested that some further
guidance might be required on how the activity concentration levels should be implemented in a



regulatory context. The Secretariat has included further text to take account of this request.
Nevertheless, if Member States feel that further guidance is necessary or appropriate, it would be
greatly assist the Secretariat if specific suggestions could be made.

This Safety Guide is supported by a Safety Report which describes the method used to derive the
activity concentrations contained in Section 4 and Table I of the Safety Guide. The Safety Report is
attached as part of the package being sent to Member States.

Comments on the scope, approach and content of the enclosed Safety Guide are requested.
Comments of an editorial nature will be considered; however, it should be noted that the document
would be comprehensively edited by the Secretariat prior to publication.

The comments should be made in English, should refer to the paragraph number in the document
being reviewed, and when appropriate should provide alternative text. Please use the attached
comment form for documenting all comments.

Any comments should be received by the Secretariat by 14 August 2003. The responsible IAEA
officer is Mr. D. W. Reisenweaver of the Department of Nuclear Safety and Security. He may be
contacted for further information in connection with this subject at +43-1-2600-22852 or through e-
mail at d.reisenweaver@iaea.or .

The Secretariat will take due account of the comments and produce a revised version of the draft
Safety Guide for consideration of the WASSCIRASSC Committees at their next meetings.
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IAEA SAFETY RELATED PUBLICATIONS

IAEA SAFETY STANDARDS

Under the terms of Article III of its Statute, the IAEA is authorized to establish standards of
safety for protection against ionizing radiation and to provide for the application of these
standards to peaceful nuclear activities.

The regulatory related publications by means of which the IAEA establishes safety standards
and measures are issued in the IAEA Safety Standards Series. This series covers nuclear
safety, radiation safety, transport safety and waste safety, and also general safety (that is, of
relevance in two or more of the four areas), and the categories within it are Safety
Fundamentals, Safety Requirements and Safety Guides.

Safety Fundamentals (blue lettering) present basic objectives, concepts and principles of
safety and protection in the development and application of nuclear energy for peaceful
purposes.

Safety Requirements (red lettering) establish the requirements that must be met to ensure
safety. These requirements, which are expressed, as 'shall' statements, are governed by the
objectives and principles presented in the Safety Fundamentals.

Safety Guides (green lettering) recommend actions, conditions or procedures for meeting
safety requirements. Recommendations in Safety Guides are expressed as 'should' statements,
with the implication that it is necessary to take the measures recommended or equivalent
alternative measures to comply with the requirements.

The IAEA's safety standards are not legally binding on Member States but maybe adopted by
them, at their own discretion, for use in national regulations in respect of their own activities.
The standards are binding on the IAEA in relation to its own operations and on States in
relation to operations assisted by the IAEA.

Information on the IAEA's safety standards programme (including editions in languages other
than English) is available at the IAEA Internet site

www.iaea.org/ns/coordinet

or on request to the Safety Co-ordination Section, IAEA, P.O. Box 100, A-1400 Vienna,
Austria.

OTHER SAFETY RELATED PUBLICATIONS

Under the terms of Articles III and VII.C of its Statute, the IAEA makes available and fosters
the exchange of information relating to peaceful nuclear activities and serves as an
intermediary among its Member States for this purpose.

Reports on safety and protection in nuclear activities are issued in other series, in particular
the IAEA Safety Reports Series, as informational publications. Safety Reports may describe
good practices and give practical examples and detailed methods that can be used to meet
safety requirements. They do not establish requirements or make recommendations.



Other IAEA Series that include safety related sales publications are the Technical Reports
Series, the Radiological Assessment Reports Series and the INSAG Series. The IAEA also
issues reports on radiological accidents and other special sales publications. Unpriced safety
related publications are issued in the TECDOC Series, the Provisional Safety Standards
Series, the Training Course Series, the IAEA Services Series and the Computer Manual
Series, and as Practical Radiation Safety Manuals and Practical Radiation Technical
Manuals.



FOREWORD
by Mohamed ElBaradei

Director General

One of the statutory functions of the IAEA is to establish or adopt standards of safety for
the protection of health, life and property in the development and application of nuclear
energy for peaceful purposes, and to provide for the application of these standards to its own
operations as well as to assisted operations and, at the request of the parties, to operations
under any bilateral or multilateral arrangement, or, at the request of a State, to any of that
State's activities in the field of nuclear energy.

The following bodies oversee the development of safety standards: the Commission for
Safety Standards (CSS); the Nuclear Safety Standards Committee (NUSSC); the Radiation
Safety Standards Committee (RASSC); the Transport Safety Standards Committee
(TRANSSC); and the Waste Safety Standards Committee (WASSC). Member States are
widely represented on these committees.

In order to ensure the broadest international consensus, safety standards are also
submitted to all Member States for comment before approval by the IAEA Board of
Governors (for Safety Fundamentals and Safety Requirements) or, on behalf of the Director
General, by the Publications Committee (for Safety Guides).

The IAEA's safety standards are not legally binding on Member States but may be
adopted by them, at their own discretion, for use in national regulations in respect of their own
activities. The standards are binding on the IAEA in relation to its own operations and on
States in relation to operations assisted by the IAEA. Any State wishing to enter into an
agreement with the IAEA for its assistance in connection with the siting, design, construction,
commissioning, operation or decommissioning of a nuclear facility or any other activities will
be required to follow those parts of the safety standards that pertain to the activities to be
covered by the agreement. However, it should be recalled that the final decisions and legal
responsibilities in any licensing procedures rest with the States.

Although the safety standards establish an essential basis for safety, the incorporation of
more detailed requirements, in accordance with national practice, may also be necessary.
Moreover, there will generally be special aspects that need to be assessed on a case-by-case
basis.

The physical protection of fissile and radioactive materials and of nuclear power plants
as a whole is mentioned where appropriate but is not treated in detail; obligations of States in
this respect should be addressed on the basis of the relevant instruments and publications
developed under the auspices of the IAEA. Non-radiological aspects of industrial safety and
environmental protection are also not explicitly considered; it is recognized that States should
fulfill their international undertakings and obligations in relation to these.

The requirements and recommendations set forth in the IAEA safety standards might not
be fully satisfied by some facilities built to earlier standards. Decisions on the way in which
the safety standards are applied to such facilities will be taken by individual States.

The attention of States is drawn to the fact that the safety standards of the IAEA, while
not legally binding, are developed with the aim of ensuring that the peaceful uses of nuclear
energy and of radioactive materials are undertaken in a manner that enables States to meet



their obligations under generally accepted principles of international law and rules such as
those relating to environmental protection. According to one such general principle, the
territory of a State must not be used in such a way as to cause damage in another State. States
thus have an obligation of diligence and standard of care.

Civil nuclear activities conducted within the jurisdiction of States are, as any other
activities, subject to obligations to which States may subscribe under international
conventions, in addition to generally accepted principles of international law. States are
expected to adopt within their national legal systems such legislation (including regulations)
and other standards and measures as may be necessary to fulfill all of their international
obligations effectively.



EDITORIAL NOTE

An appendix, when included, is considered to form an integral part of the standard and
to have the same status as the main text. Annexes, footnotes and bibliographies, if included,
are used to provide additional information or practical examples that might be helpfiu to the
user.

The safety standards use the form 'shall' in making statements about requirements,
responsibilities and obligations. Use of the form 'should' denotes recommendations of a
desired option.

The English version of the text is the authoritative version.

[For editions in other languages, add on the copyright page a disclaimer for the translation if
necessary.]
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1. INTRODUCTION

BACKGROUND

1.1. The International Basic Safety Standards for Protection against Ionizing Radiation

and for the Safety of Radiation Sources (the BSS) [1] specify the basic international

requirements for protection of health against exposure to ionizing radiation (hereinafter

termed radiation), and for the safety of radiation sources (including their security). The BSS

are based on the estimates of the detrimental effects attributed to radiation exposure provided

by the United Nations Committee on the Effects of Atomic Radiation (UNSCEAR) [2), as

well as on recommendations of the International Commission on Radiological Protection

(ICRP) [3] and are intended to provide the basis for the regulation of both 'practices" and

'interventions'2 . The BSS presume the existence of a national infrastructure for radiation

safety and a complementary document [4] establishes the basic requirements for the legal and

governmental infrastructure that is necessary in order to implement the BSS effectively. An

essential component of this infrastructure is the existence of a competent national regulatory

body that has the authority to establish regulations. Such regulations shall, inter alia, define

the scope of situations to be regulated for purposes of radiation protection. There should also

be provision for notification and authorization of practices and sources within practices, and

for exemption from the requirements for practices, subject to the criteria defined in the BSS.

1.2. Humans incur radiation doses from exposure to radionuclides, which can cause either

direct irradiation from outside the body or be taken into the body and irradiate from within.

Some radionuclides are primordial or are created by the continuous interaction of cosmic rays

with the atmosphere, and they are usually referred to as 'naturally occurring'. Others have

been produced by artificial means.

1.3. Naturally occurring radionuclides are ubiquitous in the environment, although their

activity concentrations vary considerably. Uranium or thorium may be extracted from ores

containing relatively high concentrations and, where this is done, the BSS clearly regard the

' 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.
2 An intervention is defined as any action intended to reduce or avert exposure or the likelihood of exposure to
sources which are not part of a controlled practice or which are out of control as a consequence of an accident.
3 The term naturally occurring radionuclides is defined as those radionuclides that occur in significant quantities
on Earth and usually refer to 4K, 2'U, 23U, 232Th and their radioactive decay products.

1



situations as falling under the requirements for practices. The position regarding ores and

other materials with above average concentrations of the naturally occurring radionuclides in

the Earth's crust is however undefined.

1.4. Radionuclides of artificial origin are produced and used within practices. As such,

the provisions for exemption and clearance given in the BSS apply. In addition, many of these

radionuclides are widely spread in the environment as a result of, for instance, fallout from the

testing of nuclear weapons in the atmosphere and from routine or accidental releases from past

and current practices.

1.5. As a result of the widespread presence of radionuclides in the environment, a certain

amount of radioactivity, of natural or artificial origin, is always present in material', (including

goods, merchandises, consumer products, buildings, soil and, in general, in any 'commodity ').

Not everything that contains radioactivity should therefore need to be regulated. The

specification of the radionuclide content in material requiring regulation for purposes of

radiation protection is essential for defining the scope of the relevant regulations, the

implication being that material containing an amount of radioactivity higher than a prescribed

level will require regulation. There are however, different approaches that can be used to

determine the scope of application of regulations, very often determined by already

established national practices.

OBJECTIVE

1.6. The objective of this Safety Guide is to provide guidance to national authorities,

including regulatory bodies, and operating organizations on specific levels of activity

concentrations for both naturally occurring radionuclides and those of artificial origin below

which regulation of the material for the purposes of radiation protection in accordance with

the BSS should not be required, irrespective of the amounts involved. These activity

concentrations of radionuclides in material may be derived using different methodological

approaches, in the case of naturally occurring radionuclides, from the concept of exclusion,

and in the case of radionuclides of artificial origin, from the concepts of exemption and

clearance. For this reason, the use of a generic label for these activity concentrations will be

4 The term material is defined as the matter from which a thing is made, the elements or constitute parts of a
substance.
5 Commodities are any article or raw material. that can be bought or sold.

2



avoided. Guidance is also provided on how these levels should be applied in a regulatory

context.

SCOPE

1.7. The activity concentrations developed in this document apply to all material

including those materials with elevated levels as a consequence of technological processing

(also see paragraph 3.2. of this Guide).

1.8. The activity concentrations developed in this Guide are a practical application of the

concepts of exclusion, exemption and clearance established in the BSS. Exclusion is, by

definition, outside the scope of the Standards and this Guide provides quantitative guidance

on the provision for this in the BSS. Exemption is from the requirements for practices of the

BSS. Clearance is similar to exemption, but specifically relates to the removal of radioactive

material within authorized practices from any further control by the regulatory body. Bulk

quantities may be involved in clearance and for this reason regulatory bodies may wish to

adopt more stringent activity concentration levels than those given in the BSS for exemption.

This Guide provides activity concentrations that may be used by regulatory bodies for

determining when controls over bulk quantities of material that are part of authorized

practices are not required.

1.9. The activity concentrations in this document do not apply to:

* foodstuffs, drinking water, animal feed and any material intended for use in food or

animal feed. Specific levels for drinking water are contained in [5] and specific levels

for foodstuffs (applicable up to one year after an accident) are found in [6];

* radon, as action levels are provided in the BSS; and

* potassium-40 in the body, which is already excluded from the BSS.

1.10. It is not within the scope of this Safety Guide to calculate activity concentration

levels for radionuclide concentrations for foodstuffs and drinking water. However, the activity

concentration* levels for radionuclides of artificial origin were based on a set of typical

exposure scenarios for all material causing external irradiation as well as inhalation and

ingestion of radioactive material, including foodstuff and drinking water exposure pathways.

It should be emphasized that the ingestion of foodstuffs and drinking water used in the

3



derivation of nuclide-specific levels for all material does not have any relation to activity

concentration levels already specified for foodstuffs and drinking water.

1.11. The activity concentration levels in this document are not intended to be applied to

the control of radioactive discharges of liquid and airborne effluents from authorized

practices, or to radioactive residues in the environment. Guidance on authorization of liquid

and airborne effluents discharges and reuse of contaminated land is provided elsewhere [7] [8].

STRUCTURE

1.12. The Safety Guide is structured as follows: Section 2 describes the conceptual approach

used to derive the activity concentrations based on the concepts given in the BSS. Section 3

presents the basis for deriving the levels, and is supported by a Safety Report XXX [9]

describing the methodology used. Section 4 provides the activity concentration levels. Section 5

provides guidance on the application of the activity concentrations to practices and Section 6

provides guidance application to trade. Section 7 describes how to account for mixtures of

radionuclides and Section 8 provides guidance on averaging procedures. Section 9 identifies

concerns with the intentional dilution of material.

4



2. THE CONCEPTUAL APPROACH

GENERAL

2.1. In this section, the conceptual approach for establishing a set of activity

concentrations above which regulatory control for purposes of radiation protection might be

needed and below which regulatory control would not be needed is discussed.

2.2. The International Commission on Radiological Protection (ICRP) has recognized the

importance of limiting the scope of the system of radiological protection. The ICRP [3] has

stated that "everyone in the world is exposed to radiation from natural and artificial sources

... any realistic system of radiological protection must therefore have a clearly defined scope

if it is not to apply to the whole of mankind activities".

2.3. The International Basic Safety Standards (BSS) [1] establish the requirements for

protection against the risks associated with radiation exposure. The BSS covers both practice

and intervention situations and includes the concepts of exclusion, exemption and clearance.

These concepts and the relation between them are briefly presented below.

EXCLUSION

2.4. The BSS glossary defines "excluded" as "outside the scope of the standards". The

BSS expands on this by stating "any exposure whose magnitude or likelihood is essentially

unamenable to control through the requirements of the Standards is deemed to be excluded

from the Standards." [1, para. 1.4.]

2.5. Examples of excluded exposures given in the BSS are: exposure from 40K in the

body, from cosmic radiation at the surface of the earth and from unmodified concentrations of

radionuclides in most raw material. All of these examples involve natural sources of radiation

although there is no explicit requirement to limit the concept to such sources of exposure. In

particular, regulatory bodies may wish to apply it to exposures from artificial radionuclides

that are now widespread in the environment due to past practices and accidents.

5



EXEMPTION

2.6. The BSS use the concept of exemption only within the context of practices. Exemption

determines a priori which practices, sources and radioactive material may be freed from the

requirements for practices, and hence regulatory control, based on meeting certain criteria. In

essence, it can be considered as a generic authorization for practices granted by the regulatory

body, which, once issued, releases persons from the requirements that would otherwise apply.

2.7. Exemption should be granted if the regulatory body is satisfied that the practices or

sources within practices meet the exemption criteria or the exemption levels specified in

Schedule I of the BSS, or other exemption levels specified by the regulatory body on the basis

of the exemption criteria. Exemption should not be granted to permit practices that would

otherwise not be justified. The grounds for exemption are that the source gives rise to small

(trivial) individual effective doses (of the order of 10 [tSv or less in a year) and the protection

is optimized, i.e. regulatory provisions will produce little or no improvement in dose reduction

(this is indicated by a collective effective dose committed by one year of performance of the

practice of no more than about 1 man-Sv, or an assessment for the optimization of protection

that shows that exemption is the optimum option).

2.8. The levels in Schedule I of the BSS were derived by establishing a set of exposure

scenarios and using them to derive activity concentrations and total quantities of radionuclides

that correspond to the dose criteria for exemption of practices. These derived radionuclide-

specific levels are based on moderate quantities of material. Their use allows exemption from

the requirements of the BSS if the criteria are met, except that the practice should be justified,

i.e. exemption should not be invoked to allow frivolous or unwarranted usage of

radionuclides. A footnote to Schedule I of the BSS indicates that exemption for bulk amounts

of materials with activity concentrations lower than the guidance exemption levels given in

that Schedule may require further consideration by the regulatory body.

CLEARANCE

2.9. The BSS also use the concept of clearance only within the context of practices.

While exemption is used as a part of a process to determine the nature and extent of

application of the system of radiation protection and regulatory control, clearance is intended

to establish which sources under regulatory control can be removed from this control. Like
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exemption, it can be considered as a generic authorization, granted by the Regulatory Body,

for that component of a practice that applies to the release of radioactive material.

2.10. Clearance is defined in the BSS glossary as the "removal of radioactive materials or

radioactive objects within authorized practices from any further control by the Regulatory

Authority". Furthermore, the BSS state that clearance is subject to clearance levels that are

defined as "values, established by the Regulatory Authority and expressed in terms of activity

concentrations and/or total activity, at or below which sources of radiation may be released

from regulatory control ". A footnote indicates that clearance of bulk amounts of material with

activity concentrations lower than the guidance exemption levels specified in Schedule I of the

BSS may require further consideration by the regulatory body.
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3. BASIS FOR DERIVING ACTIVITY CONCENTRATION LEVELS

3.1. Two approaches are used to establish activity concentrations. The first applies

broadly to radionuclides of natural origin; the second applies broadly to radionuclides of

artificial origin. These approaches are intended to be consistent with the underlying approach

given in the BSS whereby exclusion relates primarily to the former, while exemption and

clearance relate primarily to the latter, although in neither case are these relationships

exclusive. For instance, exposures from some radionuclides of artificial origin should be

implicitly or explicitly excluded from regulatory control, such as fallout from the atmospheric

testing of nuclear weapons. Similarly, some material contaminated by radionuclides of natural

origin, if within a practice, should be a candidate for exemption or clearance, as appropriate.

A full discussion of the methodological approaches used is given in the supporting Safety

Report [9].

RADIONUCLIDES OF NATURAL ORIGIN

3.2. Exclusion, as described in the BSS, relates to the amenability of exposures to

regulatory control rather than to the actual magnitude of those exposures. Amenability to

control is a relative concept; it is a matter of reasonableness and implies recognition of the

cost of exercising regulatory control and the benefit to be gained by so doing. The examples of

excluded exposures given in the BSS include those from "Unmodified concentrations of

radionuclides in most rav materials" [1, footnote 2]. The reference to unmodified

concentrations points to the fact that processing some raw material, which may have typical

concentrations of radionuclides of natural origin, may lead to products or waste that have

higher values or give rise to exposures that should not be excluded from regulatory control.

The reference to exposure from most raw material suggests that exposure from some raw

material themselves should not be subject to exclusion. Thus, whatever the cause of the

exposure - through enhancement of the radionuclide content during processing or simply

because the material has an intrinsically relatively high radionuclide content - the regulatory

body should recognize that there are some industries handling or using naturally occurring

radioactive material where attributable exposures warrant consideration and control. This

Guide therefore provides quantitative guidance on the phrase "unmodified concentrations of

radionuclides in most ram materials". It is noted that some consideration of the occupational

exposures that might result from such material has already been given in another Safety Guide

[10].
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3.3. The activity concentrations for naturally occurring radionuclides have been selected

from a consideration of the worldwide distribution of the activity concentrations given by

UNSCEAR [2]. Doses to individuals as a consequence of the use of these activity

concentrations are unlikely to exceed about 1 mSv in a year, excluding the contribution from

the emanation of radon, which is dealt with separately in the BSS. Situations involving the

contamination of the water pathway may require a case-by-case evaluation of possible doses.

In this context, it is noted that WHO has issued guidelines for drinking water, which include

levels for naturally occurring radionuclides [5].

RADIONUCLIDES OF ARTIFICIAL ORIGIN

3.4. The primary radiological basis for establishing levels for exemption and clearance of

bulk amounts of material is that effective doses to individuals should be of the order of IOP Sv

in a year or less. In order to avoid treating this dose as a limit, which would necessitate the use

of extremely cautious models, an additional criterion was used which is that there should be a

low probability of the effective dose to any individual approaching lmSv in any particular

year. Consideration was also given to doses to the skin; an equivalent dose criterion of 50

mSv in a year was used for this purpose.

3.5. Many studies undertaken at national or international levels have derived radionuclide

specific levels for the clearance of solid material [11 - 13]. The results presented in this

document draw upon the extensive experience gained in undertaking these studies and

independent calculations performed under the auspices of the Agency [9]. The calculations are

based on the evaluation of a selected set of typical exposure scenarios for all material

encompassing external irradiation, dust inhalation and ingestion (direct and indirect). As

stated in paragraph 1.10, foodstuffs and drinking water pathways were taken into account to

address the radiological consequences as appropriate. The selected levels were the lowest

values obtained from the scenarios.

3.6. For a number of short-lived radionuclides, the calculations lead to levels that are

higher than the exemption levels given in the BSS. This is due to the fact that the scenarios

focus on the transport, trade, use, or deposition of materials outside the facilities in which they

arise (i.e., reactors, accelerators, laboratories), and account was taken of the lapse of time
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involved before the start of ihe exposure. The models on which the exemption levels are

based, consider the direct handling of the material within these facilities and consequently do

not allow for any radioactive decay of the radionuclides before the exposure starts. For these

radionuclides, the levels chosen were the exemption levels of the BSS.
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4. ACTIVITY CONCENTRATION LEVELS FOR MATERIAL

4.1 The activity concentrations for radionuclides of natural origin derived using the first

approach discussed in paragraphs 3.2 and 3.3 are given in Table I.

TABLE I. ACTIVITY CONCENTRATION LEVELS FOR RADIONUCLIDES OF

NATURAL ORIGIN

Radionuclide Concentration Level (Bq/g)

Radionuclides in the 235U decay series 0.05

40K5

All other naturally occuring radionuclides 0.5

These levels have been determined on the basis of the worldwide distribution of radioactivity

concentrations for these radionuclides. Consequently, they are valid for the natural decay

chains in secular equilibrium, i.e., 238U, 235U and 232Th, with the value given being applied to

the parent of the decay chain. The values can also be used individually for each decay product

in the chains or the head of subsets of the chains, such as 226Ra.

4.2. Those for radionuclides of artificial origin derived using the second approach

discussed paragraphs 3.4 to 3.6 are given in Table II.

4.3 The details of the calculations that led to these values are contained in Safety Report

XXX [9].
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TABLE H. ACTIVITY CONCENTRATION LEVELS FOR RADIONUCLIDES OF

ARTIFICIAL ORIGIN

Radionuclide Concentration
Level (Bq/g) _

11-3 100
Be-7 10
C-14 I
F-18 10 _
Na-22 0.1
Na-24 I _
Si-31 1000 *

P-32 1000
P-33 1000
S-35 100
Cl-36 I
Cl-38 10 *

K-42 100
K-43 10 *

Ca45 100
Ca47 10
Sc46 0.1
Sc-47 100
Sc48 I
V-48 I
Cr-51 100
Mn-51 10 *

Mn-52 I
Mn-52m 10 _
Mn-53 100
Mn-54 0.1
Mn-56 10 *

Fe-52 10 *

Fe-55 1000
Fe-59 I
Co-55 10 _
Co-56 0.1
Co-57 1
Co-58 _
Co-58m 10000 *

Co-60 0.1
Co-60m 1000 *

Co-61 100 *

Co-62m 10 *

Ni-59 100
Ni-63 100
Ni-65 10 _
Cu-64 100 _
Zn-65 0.1
Zn-69 1000 *

Zn-69m 10 *

Ga-72 10 _
Ge-71 10000

Radionuclide Concentration
Level (Bq/g) _

As-73 1000
As-74 10 *

As-76 10 _
As-77 1000
Se-75 I
Br-82 1
Rb-86 100
Sr-85 1
Sr-85m 100 *

Sr-87m 100
Sr-89 1000
Sr-90 I
Sr-91 10 *

Sr-92 10 *

Y-90 1000
Y-91 100
Y-91m 100 *

Y-92 100 *

Y-93 100 *

Zr-93 10
Zr-95 I
Zr-97 10 *

Nb-93m 10
Nb-94 0.1
Nb-95 10
Nb-97 10 _
Nb-98 10 _
Mo-90 10 _
Mo-93 10
Mo-99 10
Mo-101 10 _
Tc-96 1
Tc-96m 1000 _
Tc-97 10
Tc-97m 100
Tc-99 I
Tc-99m 100 _
Ru-97 10
Ru-103 10
Ru-105 10 *

Ru-106 0.1
Rh-103m 10000 _
Rh-105 100
Pd-103 1000
Pd-109 100
Ag-105 10
Ag-l lOm 0.1
Ag-l 11 100

Radionuclide Concentration
.-Level (Bq/g) _

Cd-109 I
Cd-l 15 10 _

Cd-l 15m 100 _

In-lll 10
In-1 13m 100 *

In-I 14m 10
In-l15m 100 *

Sn-113 I
Sn-125 10
Sb-122 10
Sb-124 I
Sb-125 0.1
Te-123m I
Te-125m 1000
Te-127 1000 _

Te-127m 10
Te-129 100 *

Te-129m 100
Te-131 100 *

Te-131m 10
Te-132 1
Te-133 10 _
Te-133m 10 _
Te-134 10 _
1-123 10
1-125 1000
I-126 10
I-129 0.1
1-130 10
1-131 10
1-132 10 _
1-133 10 _
1-134 10 _
I-135 10 _
Cs-129 10
Cs-131 1000
Cs-132 10
Cs-134 0.1
Cs-134m 1 _
Cs-135 100 _

Cs-136 I
Cs-137 0.1 _

Cs-138 10 *

Ba-131 10
Ba-140 I
La-140 1
Ce-139 __I
Ce-141 100 _
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Radionuclide Concentration
Level (Bq/g) _

Ce-143 10
Ce-144 10
Pr-142 100 *

Pr-143 1000
Nd-147 100
Nd-149 100 _
Pm-147 1000
Pm-149 1000
Sm-151 10000
Sm-153 100
Eu-152 0.1
Eu-152m 100 *

Eu-154 0.1
Eu-155 1
Gd-153 10
Gd-159 100 _
Tb-160 I
Dy-165 1000 *

Dy-166 100
Ho-166 100
Er-169 1000
Er-171 100
Tm-170 100
Tm-171 1000
Yb-175 100
Lu-177 100
Hf-181 10
Ta-I 82 0.1
W-181 10
W-185 1000
W-187 101000
Re-186 1000
Re-188 100 *

Os-185 1
Os-191 100
Os-19lm 1000 _
0s-193 100
Ir-190 I
Ir-192 I
* indicates half life less than I day

Radionuclide Concentration
Level (Bq/g) _

Ir-194 100 *

Pt-191 10
Pt-193m 1000 _

Pt-197 1000 _
Pt-197m 100 _
Au-198 10
Au-199 100 _

Hg-197 100
Hg-197m 100 _

Hg-203 10
TI-200 10
TI-201 100
TI-202 10
Tl-204 I
Pb-203 10
Bi-206 1
Bi-207 0.1
Po-203 10
Po-205 10 _
Po-207 10 _
At-211 1000 _

Ra-225 10
Ra-227 100
Th-226 1000 _

Th-229 0.1
Pa-230 10
Pa-233 10
U-230 10
U-231 100 _

U-232 0.1
U-233 10
U-236 10
U-237 100
U-239 100 *

U-240 100
Np-237 I
Np-239 100
Np-240 10 *

Pu-234 100 *

Radionuclide Concentration
Level (Bq/g) _

Pu-235 100 _
Pu-236 I _

Pu-237 100 _

Pu-238 I
Pu-239 I
Pu-240 I
Pu-241 100
Pu-242 I _

Pu-243 1000 _
Pu-244 0.1
Am-241 I
Am-242 1000
Am-242m I
Am-243 I _

Cm-242 10
Cm-243 I _

Cm-244 10 _

Cm-245 1
Cm-246 1 _

Cm-247 0.1 _

Cm-248 _

Bk-249 100 _

Cf-246 1000
Cf-248 10 _

Cf-249 0.1
Cf-250 I
Cf-251 I
Cf-252 10
Cf-253 100 _

Cf-254 I
Es-253 100
Es-254 0.1
Es-254m 10
Fm-254 10000 *

Fm-255 100 _
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5. APPLICATION OF ACTIVITY CONCENTRATIONS TO PRACTICES

RADIONUCLIDES OF NATURAL ORIGIN

5.1. In this document, the concept of exclusion has been used in the context of exposures

from natural sources of radiation. The activity concentrations of such radionuclides in material

should be used to define that material that should be outside or inside, as the case may be, the

scope of regulatory control. If the activity concentration is below the activity concentration

values in Table I for the radionuclides in question, then the handling and use of the material

should be regarded as outside the scope of regulatory control. If the activity concentration is

above the activity concentration levels in Table II, the regulatory body should decide on the

extent to which the regulatory requirements for practices set out in the BSS [1] should be

applied.

5.2. In addition, the activity concentrations of radionuclides of natural origin should be

used to determine when material within a practice can be released from regulatory control.

This applies irrespective of the amount of material involved.

5.3. The way in which these levels should be incorporated into national regulatory

requirements will depend on the particular approach to be adopted. One approach might be to

use these levels in the actual definition of the scope of the regulations. Another might be to

use the levels to define radioactive material for the purposes of the regulations.

RADIONUCLIDES OF ARTIFICIAL ORIGIN

5.4. In this document, the concepts of exemption and clearance have been applied to bulk

amounts of material containing radionuclides of artificial origin. These concepts relate

specifically to practices that are considered by the regulatory body to be justified'.

5.5. The BSS, in Schedule I, indicate that radioactive substances from an authorized

practice or source whose release to the environment has been authorized, are exempted from

any new requirements of notification, registration or licensing unless specified by the

3 It should be noted that the justification principle applies to practices as a whole and not separately to its
component parts such as the disposal of waste. Thus the means whereby material that is contaminated as a
consequence of a practice is disposed is a matter of optimization of protection, rather than justification. One of
the purposes for which the activity concentrations have been established is to permit material, in bulk quantities,
to be 'exempted' or 'cleared' from a practice without further consideration..
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regulatory body. Since exemption and clearance are in essence generic authorizations, this

provision of the BSS means that 'exempted' or 'cleared' material should be allowed to be

used without any further restriction, that is, material that has been exempted or cleared should

not re-enter the system of protection for practices, unless specifically required to do so by the

Regulatory Body. In particular, any subsequent use of the material within a practice should not

necessitate application of the principle of justification from a radiation protection point of

view.

5.6. The way in which these levels should be incorporated into national regulatory

requirements will depend on the particular approach to be adopted. Any of the approaches

proposed in paragraph 5.3 for the naturally occurring radionuclides might be used. However,

it is noted that many regulatory bodies have adopted the activity concentrations given in

Schedule I of the BSS into their national requirements. Where that is the case, one possibility

would be to express the levels in a specific regulatory instrument in which the requirements

relating to exemption and clearance of bulk amounts of material are given.
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6. APPLICATION OF ACTIVITY CONCENTRATIONS TO TRADE

6.1. The terms 'practice' and 'intervention' were intended to assist regulatory and

national bodies in determining those situations that should be under some form of control,

particularly regulatory control. If the activity concentrations developed in this Guide are used

as indicated in the previous section, then there should be no need to give attention to

intervention. In particular, national and international trade in commodities containing

radionuclides with activity concentrations below the activity concentrations values in Table I

and II should not be subject to regulatory controls.

6.2. Compliance with the activity concentrations given in this Guide should be verified at

the first point of entry into trade. Thus, authorities in exporting countries should ensure that

systems are in place to prevent unrestricted trade in material containing higher levels of

radioactivity. Authorities in importing countries should ensure that any monitoring that is

undertaken at borders and elsewhere, such as scrap recycling plants, to detect for the presence

of 'orphan sources'4 should take account of the activity concentrations given in this Safety

Guide in order to prevent unnecessary restrictions on the movement and use of material. In

general, however, it should not be necessary for each country to set up its own routine

measurement programme solely for the purpose of monitoring commodities, particularly if

there is confidence in the controls exercised by the producing country.

6.3. In cases where there are reasonable grounds for believing that the activity

concentrations may be exceeded, arrangements should be made to determine the actual levels

either by obtaining the information from the supplier or by measurement. In such cases,

measurements should be performed using appropriate techniques and equipment capable of

measurement of activity concentrations at the specified levels. In general, countries should

coordinate their regulatory strategies and implementation with neighboring countries,

including monitoring programmes for commodities, in order to avoid unnecessary hindrance

to trade at boundary transfer points.

4 Orphan source means a source which poses sufficient radiological hazard to warrant regulatory control but is
not under regulatory control, either because it has never been under regulatory control, or because it has been
abandoned, lost, misplaced, stolen or transferred without proper authorization.
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7. MIXTURES OF RADIONUCLIDES

7.1. For material containing a mixture of radionuclides, either of natural or artificial

origin, comparison with the activity concentration levels should be undertaken as indicated by

the formulas below:

for each naturally occurring radionuclide

Ctntural <

Activity concentration

where Cnagurai is the concentration (Bq/g) of the naturally occurring radionuclide in the

material or, for those radioactive decay chains in secular equilibrium, it is the concentration of

the parent radionuclide, and the activity concentration is the level specified for the relevant

naturally occurring radionuclide (or for those in secular equilibrium, the parent nuclide);

for radionuclides of artificial origin

E l(aflcli) <1

, Activity concentrations

where Ci(,,,arlcia!) is the concentration (Bq/g) of the i'h radionuclide of artificial origin in the

material, Activity concentrations is the level for that radionuclide in the material and n is the

number of radionuclides present.

7.2. If both (1) and (2) are satisfied and are less than or equal to 1, then the material

should not be subject to regulatory control. If the result of either equation is greater than one,

the requirements of the BSS [1] should be applied to the material. This type of relationship

should be used by the regulatory bodies in their specific guidance on application of the BSS

[1] to account for situations where multiple radionuclides are present in mixtures.

8. AVERAGING

8.1. When applying the above activity concentrations, the regulatory body should

consider methodologies for sampling, averaging, monitoring, and detection of radionuclides.

In doing this, the regulatory body should recognize that these activity concentrations were

derived for large quantities and therefore the averaging should be done accordingly.
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Consideration should also be given to surface contamination levels that would equate to the

specified dose criteria. The Agency is currently preparing guidance on these issues.

9. DILUTION OF MATERIAL

9.1 Deliberate dilution of material, as opposed to dilution that takes place in normal

operations when radioactivity is not a consideration, in order to meet the activity

concentration levels given in section 4 should not be permitted without the prior approval of

the regulatory body.

10. SUMMARY

10.1. A summary of extracts of relevant parts from the BSS [1], from the Safety Guide

"Occupational Radiation Protection" [11] are given in the Annex along with a summary of the

overall guidance on exclusion, exemption and clearance for material.
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ANNEX - SCOPE OF REGULATORY CONTROL FOR PRACTICES

Practices are defined in the Glossary of the BSS as follows:

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 ofpeople or the number ofpeople exposed.

This definition does not unequivocally indicate which sources of exposure should be included
and which should be excluded. However, the BSS provides the following statements, which
provide fuirther clarification:

201. The practices to which the Standards shall apply include:

(a) the production of sources and the use of radiation or radioactive substances for
medical, industrial, veterinary or agricultural purposes, or for education,
training or research, including any activities related to that use which involve or
could involve exposure to radiation or radioactive substances;

(b) the generation of nuclear pover, including any activities in the nuclearffuel cycle
which involve or could involve exposure to radiation or radioactive substances;

(c) practices involving exposure to natural sources specified by the
Regulatory Authority as requiring control; and

(a) any other pra ctice specif ed by the Regulatory Authority.

202. The sources within any practice to which the requirements for practices of the Standards
shall apply include:

(a) radioactive substances and devices that contain radioactive substances or
produce radiation, including consumer products, sealed sources, unsealed
sources, and radiation generators, including mobile radiography equipment;

(b) installations andfacilities which contain radioactive substances or devices which
produce radiation, including irradiation installations, mines and mills processing
radioactive ores, installations processing radioactive substances, nuclear
installations, and radioactive waste managementfacilities; and

(c) any other source specified by the Regulatory Authority.

204. The exposures to which the requirements of the Standards apply are any occupational
exposure, medical exposure or public exposure due to any relevant practice or source within
the practice, including both normal exposures andpotential exposures.

205. Exposure to natural sources shall normally be considered as a chronic exposure
situation and, if necessary, shall be subject to the requirements for intervention, except that':

(a) public exposure delivered by effluent discharges or the disposal of radioactive

At the time of the endorsement of the Standards, the available quantitative recommendations of the ICRP for protection against exposure
to natural sources were confined to radon. It was therefore decided that the General Obligations for practices concerning protection against
natural sources will be that exposure to natural sources, which is normally a chronic exposure situation, should be subject to intervention
and that the requirements for practices should be generally limited to exposure to radon, the exposure to other natural sources being expected
to be dealt with by exclusion or exemption of the source or otherwise at the discretion of the Regulatory Authority.
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waste arising from a practice involving natural sources shall be subject to the
requirements for practices given in the BSS, unless the exposure is excluded or
the practice or the source is exempted; and

(b) occupational exposure of workers to natural sources shall be subject to the
requirementsforpractices given in this section if these sources lead to:
(i) exposure to radon required by or directly related to their work

irrespective of whether the exposure is higher or lower than the action
levelfor remedial action relating to chronic exposure situations involving
radon in workplaces, unless the exposure is excluded or the practice or
the source is exempted; or

(ii) exposure to radon incidental to their work but the exposure is higher than
the action levelfor remedial action relating to chronic exposure situations
involving radon in workplaces; unless the exposure is excluded or the
practice or the source is exempted: or

(iii) exposure specified by the Regulatory Authority to be subject to such
requirements.

The Safety Guide on Occupational Radiation Protection [11] elaborates these requirements as
follows:

2.20. The term 'radioactive substance' is not specifically defined in the BSS; it should be
noted in particular that the term is not qualified by reference to artificial radionuclides only.
Thus, the BSS are intended to apply to naturally occurring radionuclides that have been
extractedfrom ones, irrespective of the use to which those radionuclides are put. Sealed and
unsealed sources containing naturally occurring radionuclides such as radium-226 should
therefore be treated as being within a practice.

2.20. From para. 2.5(b)(i) of the BSS it is clear that the mining and milling of radioactive
ores should be treated as practices. All exposures in these situations including those from
radon, should be subject to the requirements for practices, irrespective of whether the
concentrations of radon in air are above the action level specified in the BSS.

2.20. Paragraph 2.5(b)(ii) of the BSS should be taken to mean that exposures to radon in
workplaces other than those covered in para. 2.5(b)(i) should be subject to the requirements
for occupational exposure if the radon concentration exceeds the action level. This does not,
however, apply if the exposure has been excluded or the practice or source has been
exempted Examples of workplaces where exposure to radon is adventious and the levels are
likely to exceed the action level include mines (other than those intended to produce
radioactive ores), spas and aboveground workplaces in radon prone areas.

2.20. Action levels apply to chronic exposure situations, which are described in Appendix VI
of the BSS. The primary purpose of an action level is to define the circumstances tinder which
remedial or protective action should be undertaken. In the case of adventious exposure to
radon, the procedure should be for the regulatory authority to identify or determine, by means
of a survey or otherwise, those workplaces with radon concentrations above the action level.
Consideration should then be given to whether the concentrations can reasonably be reduced
below the action level. JWhere s/fficient reduction in concentrations cannot be achieved, the
requirements for practices should be applied. Thus at this stage the numerical value of the
action level has a conceptually different significance than that initially given to it. It is no

6 See BSS Schedule VI, Guidelines for Action Levels in Chronic Exposure Situations, para. VI-3.
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longer to be used as the basis for a decision on intervention, bitt as the basis for a decision to
consider the exposures to be arisingfrom a practice.

On the basis of this guidance and the additional guidance given in this Guide (DS-161), the
following are regarded as coming under the requirements for practices in the BSS, subject to
the provision for exemption:

* All devices containing radioactive sources;
* All mines producing radioactive ores;
* All workplaces with radon concentrations above the action level;
* All workplaces where the activity concentrations of naturally occurring

radionuclides in material that is being handled or used are above the levels
specified in body of this Guide (DS-161).

The provision for exclusion in the BSS is as follows:

104. Any exposure whose magnitude or likelihood is essentially unamenable to control through
the requirements of the Standards is deemed to be exchudedfrom the Standards.

Schedule I of the BSS contains the following provision relating to authorized practices or
sources.

(7.6) Radioactive substances from an authorized practice or source whose release to
the environment has been authorized, are exemptedfrom any nesv requirements
of notification, registration or licensing unless othenvise specified by the
Regulatory Authority.

This provision also applies to exemption and clearance, which are effectively generic
authorizations.

On the basis of this provision and the additional guidance given in the body of this Guide (DS-
161), the following should be excluded from the regulatory requirements for practices:

* exposure from 40K in the body;
* exposure from cosmic radiation at the surface of the earth;
* exposure from radon below the action level;
* exposure from materials containing activity concentrations of the naturally occurring

radionuclides below the levels for given in the body of this Guide (DS-161); and'
* exposure from materials containing activity concentrations of the radionuclides of

artificial origin below the levels for given in the body of this Guide (DS-161).

7 Exanmpics are exposure from 4°K in the body, from cosmic radiation at the surface of the earth and from unmodified concentrations of
radionuclides in most raw materials.
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67 1. INTRODUCTION

68 1.1. BACKGROUND

69 Regulatory systems for radiation protection are intended to ensure the protection of people
70 from harm arising from exposure to ionizing radiation. However, there are some human
71 activities involving exposure to radiation that do not warrant regulatory control. Such
72 circumstances arise when the resources that would need to be expended in regulating the
73 activity would be excessive in relation to any benefit that might ensue in terms of reduced
74 risk. The scope of legal instruments for regulatory control should therefore be defined so as to
75 include only activities for which regulation is warranted. This Safety Report supports the
76 Safety Guide on Radioactivity in Material not requiring Regulation for Purposes of Radiation
77 Protection [1].

78 This document deals with all material' to include commodities2 for which regulatory control in
79 accordance with the International Basic Safety Standards for Protection against Ionizing
80 Radiation andfor the Safety of Radiation Sources (the BSS) [2] should be applied. It includes the
81 removal of control of material containing very low levels of radioactivity originating from
82 regulated practices3, i.e., industrial installations (nuclear fuel cycle and others), hospitals, and
83 research institutes, and of material from interventions4. It also addresses naturally occurring
84 radioactive material (NORM) that should be considered for regulation.

85 The document derives activity concentration' levels for deciding if a certain material should
86 come under the regime of the BSS [2]. These levels are derived in such a way that they are valid
87 for all types of material containing radionuclides of artificial or natural origin except foodstuffs
88 and drinking water. Because the levels are applicable to a whole range of material, they have
89 been derived on the basis of several scenarios and assumptions:

90 (a) The main basis for the derivation of the activity concentration levels for artificial
91 radionuclides is a set of radiological scenarios referring to external irradiation, dust
92 inhalation and ingestion (direct and secondary ingestion) which are deemed to
93 encompass all typical exposure situations for all material types except NORM.
94 Those scenarios relate the activity concentration in the material to individual doses.
95 The scenarios are determined by taking existing radiological studies (e.g., those
96 used for deriving clearance and exemption levels) and using them to develop a
97 framework of generalized scenarios. The approach to envelop the worldwide
98 variety of situations that may be found in Member States necessarily requires a
99 degree of conservatism. In order to cover various exposure scenarios, more than

100 one scenario has been considered for each pathway to reflect the range of material
101 characteristics and exposed individuals. Each scenario therefore contains a set of
102 parameter values and represents a range of exposure situations.

I The term material is defined as the matter from which a thing is made, the elements or constitute parts of a substance.
2 The term commodity is any article or raw or material that can be bought or sold.
3 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 to people or the number of people exposed.
4 An intervention is defined as any action intended to reduce or avert exposure or the likelihood of exposure to sources which
are not part of a controlled practice or which are out of control as a consequence of an accident.
5 Activity concentration is the amount of a radionuclide per unit mass or volume of a material.
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103 A scenario-based approach was not used in the case of naturally occurring radioactive
104 material (NORM). Instead the activity concentration levels applicable to NORM were derived
105 using a pragmatic approach that places greater emphasis on optimization of protection. This
106 involved consideration of the worldwide distribution of the concentration of naturally
107 occurring radionuclides in environmental material.

108 2. RADIOLOGICAL BASIS FOR ACTIVITY CONCENTRATION
109 LEVELS

110 For each artificial radionuclide in material, the activity concentration level has been
111 determined such that individual effective doses to the public and workers6 would be on the
112 order of 10 jiSvia and having only a very low probability of approaching an individual dose of
113 1 mSv/a. A dose of 10 pSv/a corresponds to a trivial level of risk [2].

114 While no activity concentration levels have been derived in this Safety Report for foodstuff
115 and drinking water, the water and food pathways have been taken into account in the
116 scenarios for artificial radionuclides to address the radiological consequences from these
117 pathways. Specific levels for foodstuffs have been developed by the Codex Alimentarius
118 Commission [3] and for drinking water by the World Health Organization [4].

119 The calculations of the activity concentration levels for artificial radionuclides are based on
120 the evaluation of a selected set of typical exposure scenarios for all material, encompassing
121 external irradiation, dust inhalation and ingestion (direct and indirect). The resulting activity
122 concentration levels were derived based on these scenarios as the lower value obtained from:

123 1. The use of realistic parameter values applying an effective dose criterion of 10
124 gSv/a.

125 II. The use of low probability parameter values applying an effective dose criterion
126 of 1mSv/a and a skin equivalent dose limit of 50 mSv/a.

127 The derived results from the scenario calculations are sufficient to ensure an adequate degree
128 of protection in both occupational and public exposure situations.

129 If radionuclide-specific activity concentration values for naturally occurring radionuclides are
130 derived on the basis of the same radiological criteria, the values will, in many cases, be lower
131 than concentrations that occur in many natural environmental material. Thus, many human
132 activities previously unregulated from a radiological standpoint, such as construction of
133 houses from natural building material or even the use of land in many areas, could be subject
134 to regulation. Establishing levels for natural radionuclides that invoke such widespread
135 regulatory consideration, in circumstances where in many cases it is unlikely to achieve any
136 improvement in protection, is not an optimum use of regulatory resources. Therefore,
137 derivation of activity concentration levels for naturally occurring radionuclides is based on a
138 methodology that places greater emphasis on optimization of protection, including regulatory
139 resources.

6 Worker is taken here to mean those workers who could be inadvertently exposed to ionizing radiation while at work, such
as foundry or landfill workers.
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140 The objective in defining naturally occurring radioactive substances that should be regulated
141 is to identify that material of significant radiological risk where regulation can achieve real
142 improvements in protection. At the same time, the number of materials involved should not be
143 so great as to make regulation essentially unmanageable. The application of a dose criterion of
144 10 liSv/a is not practical for NORM. In selecting levels for material that contains NORM, a
145 major issue is that high levels that would exclude the majority of natural material in the
146 environment would also allow a number of situations such as release of phosphate slags to be
147 excluded without further considerations. Conversely, selecting a low value would trigger an
148 unnecessary application of the BSS. Therefore, the activity concentration levels were derived
149 from consideration of the worldwide distribution of concentrations of naturally occurring
150 radionuclides from an independent source (8).

151 Activity concentration levels for naturally occurring radionuclides are the total of the
152 background and any added radioactivity. Doses to individuals as a consequence of the use of
153 these levels are unlikely to exceed about lmSv in a year, excluding the emanation of radon
154 and in situations of large volumes contaminating water pathways. This situation could require
155 case-by-case evaluation of possible doses.

156 3. GENERAL APPROACH FOR DERIVING ACTIVITY
157 CONCENTRATION LEVELS

158 3.1. CHOICE OF RADIONUCLIDES AND DOSE COEFFICIENTS

159 The radionuclides for which activity concentration levels are calculated are those for which
160 exemption levels exist in the BSS [2]. This set contains those nuclides that are most relevant
161 to nuclear installations like nuclear power plants or fuel cycle facilities and the application of
162 radionuclides in research, industry and medicine, including short-lived nuclides. A number of
163 additional radionuclides are also considered because of their practical relevance in some cases
164 (e.g., 4 tCa, 79Se). Radionuclides of natural origin (eK and the decay chains of 238U, 235U,

165 232Th) are also included.

166 A number of radionuclides that are considered in this document decay into unstable short-
167 lived radionuclides. The way in which decay products are treated is discussed in section 3.2.
168 of this document.

169 In general, dose coefficients are used to calculate (annual) doses from a given activity. More
170 specifically, dose coefficients are used for the following exposure pathways:

171 * External exposure: The dose from external irradiation is caused by photons from
172 gamma emitting radionuclides absorbed by the human body. Therefore, the
173 relationship between dose and radioactivity is complicated, depending not only on
174 the radionuclide, but also on the geometry in which the radioactivity is distributed,
175 on shielding effects, on self-absorption effects and on the distance and direction to
176 the source. Dose coefficients for external irradiation are expressed as dose rate
177 (ISv/h) per activity content of the source (Bq/g). For this Report, suitable dose
178 coefficients are calculated for each radionuclide and each exposure geometry.
179 These dose coefficients are presented in Appendix II, Table II-III.

180 The exposure scenarios consider adults and children of an age between one and
181 two years, which are the most critical age groups for external exposure. A
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182 correction of the dose coefficients calculated for adults is required for children to
183 take account of the higher effective dose as compared to adults in the same
184 exposure situations (i.e., for the same air kerma). The factor applied is estimated
185 from Figure 12 in [5], comparing the effective dose per unit air kerma for different
186 age groups in an isotropic irradiation geometry. For the relevant range of photon
187 energies above 100 keV, the ratio between children of 1 year of age and adults is
188 about 1.2. This factor is being used in the scenario calculations for children.

189 * Inhalation exposure: Dose coefficients for inhalation are contained in Appendix 11,
190 Table II-IV. The dose coefficients relate the individual effective dose (in Sv) to
191 the inhaled quantity of radioactivity (in Bq).

192 * Ingestion exposure: Dose coefficients for ingestion are also contained in
193 Appendix II, Table 11-V. The dose coefficients relate the individual effective dose
194 (in Sv) to the ingested quantity of radioactivity (in Bq).

195 * Skin exposure: Dose coefficients for the skin relate the skin equivalent dose to the
196 concentration of radionuclides on the skin. Skin dose coefficients are listed in [6]
197 and are taken conservatively for a skin surface weight of 4 mg/cm2 . These dose
198 coefficients are contained in Appendix II, Table II-VI.

199 3.2. DECAY CHAINS AND PROGENY INGROWTH

200 For radionuclides possessing daughter radionuclides that have a non-negligible dose
201 coefficient in comparison to the parent radionuclides, dose coefficients are calculated as the
202 weighted sum of parent and daughter radionuclides. Weighting is done by using the activity
203 ratios given in Appendix I for the daughter radionuclides indicated. This ensures that the
204 effect of the daughter radionuclides is properly accounted for in the dose calculations.

205 A number of the radionuclides considered in this document decay into unstable short-lived
206 radionuclides. These daughter radionuclides also contribute to the dose caused by the parent
207 radionuclide after release from regulatory control. For daughter radionuclides with short half-
208 lives, an equilibrium situation with the parent nuclides is reached in a very short time, like for
209 the pair "37Cs/ 37"mBa within 30 minutes or for the pair 90SrPtcY within 20 days. However, there
210 are some important daughter radionuclides with longer half-lives, which yield a high dose
211 contribution, like 241 Pu/- 4Am. In Fig 1 (a) the activity as a function of time is shown for an
212 initial quantity of 1 Bq of 241Pu. The activity maximum of the daughter radionuclide 241Am
213 occurs at about 70 years at which time the total activity represents only a fraction of the initial
214 activity. In Fig 1 (b) the inhalation dose coefficient is plotted for material in which the initial
215 activity of 241Pu is 1 Bq. In contrast to the activity, the dose coefficient increases over time
216 reaching a maximum at around 60 years although at this time the total activity has decreased
217 to less than 0.1 Bq. This demonstrates that if material containing those radionuclides remains
218 together for a prolonged period of time, the scenarios occurring many years after being
219 released from regulatory control can lead to higher doses than those calculated for the first
220 year after its release due to the ingrowth of daughter radionuclides. Therefore, the relevant
221 progeny is accounted for in the calculations.
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225 FIG. 1. Development of activity and dose coefficient of the radionuclide pair 241 Puf4'Am over
226 time.

227 The dose contribution from daughter radionuclides is included in the calculations in order not
228 to underestimate doses. This is ensured by adding the dose coefficients of the daughter
229 radionuclides to the dose coefficients of the parent radionuclides, using the appropriate
230 weighting factors for the dose coefficients of the daughter radionuclides. The weighting
231. factors for the daughter nuclides are taken as the maximum activity ratio that the respective
232 daughter radionuclides will reach during a time span of 100 years as illustrated in Fig 2 where
233 the point of maximum activity of the daughter radionuclide is marked. A time span of 100
234 years is necessary to ensure that material, which does not exceed the activity concentrtion
235 levels at a certain time, will also do so at any later point of time within a reasonable time
236 frame.'

7 This approach does not take account of the fact that in situations like the 241Pu/ 24lAm example given in Figure
1, the parent nuclide already has decayed to a large extent when the daughter nuclide reaches its activity
maximum. Consequently, the dose factor for the mixture of parent and daughter nuclide will be overestimated in
such situations (by a factor of about 1.7 in the example). However, an approach avoiding this potential
overestimation would be complicated in particular when several daughter nuclides are involved. Therefore, the
approach presented is considered appropriate, satisfying the overall goals of the dose assessments presented here
not to underestimate doses and to the extent possible use simple and concise models.
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237 1 1

238 FIG. 2. Activity of arbitrary parent and daughter radionuclide with time. The poi
239 maximum activity of the daughter radionuclide is marked.

240 The time at which the activity of the first decay product is at a maximum is de
241 follows:

242 If the activity of the progeny as a function of time is designated as A2(t), then,

243 A2 (t)=A1 (O)A2 (e - 2

A2 (t) = activity of daughter at time t

Al (0) = initial activity of parent

Al, = decay constant of parent
= radioactive decay constant

A2

B 2 = branching ratio of daughter

244 setting the derivative with respect to time to zero

245 dA2(t)-A,(O)22 ( 2e-'-Ate- )B2=0
dt A2-'~

246 solving for t, one obtains

lo A)

247 t_ A

mtax time of maximum

'nt of

-rived as

-6-



248 The weighting factors that are calculated in this way are provided in Appendix I of this
249 document.

250 As the activity concentration levels derived in this document already take into account dose
251 contributions from daughter radionuclides, it is also possible to provide a list of those
252 daughter radionuclides that are fully accounted for in the activity concentration levels of the
253 parent radionuclide. The following set of criteria is convenient in order to define when this is
254 the case for a particular daughter radionuclide:

255 1. The half-life of the daughter radionuclide must be shorter than that of the parent
256 radionuclide.

257 AND

258 2. The half-life of the daughter radionuclide is less than 1 day OR

259 3. The half-life of the daughter radionuclide is less than 10% of the half-life of the
260 parent radionuclide AND the half-life of the daughter radionuclide is less than 10
261 years.

262 This means that a daughter radionuclide needs not be treated separately if criterion 1 is
263 fulfilled together with at least one of the criteria 2 and 3. Table I provides a list of parent and
264 daughter radionuclides that fulfill the above criteria. For decay chains (i.e., more than one
265 daughter radionuclide), the process of including daughter radionuclides in this way is carried
266 on until a radionuclide is reached which fails to meet the criteria. All daughter radionuclides
267 up to this point are then taken into account in the dose calculations. The parent radionuclides
268 are marked with the sign "+" to indicate that the derived activity concentration level also
269 includes daughter radionuclides. When applying the activity concentration levels, the
270 daughter radionuclides listed in Table I need not be considered separately.
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271

272 TABLE I. LIST OF DAUGHTER RADIONUCLIDES THAT ARE TAKEN INTO
273 ACCOUNT WITH THE PARENT RADIONUCLIDE

Parent
Radionuclide

Daughter Radionuclides

Fe-52+
Zn-69m+
Sr-90+
Sr-91+
Zr-95+
Zr-97+
Nb-97+
Mo-99+
Mo-101+
Ru-103+
Ru-105+
Ru-106+
Pd- 103+
Pd-109+
Ag-108m+
Ag-1 IOm+
Cd-109+
Cd-113m
Cd-I 15+
Cd-115m+
In-1 14m+
Sn-113+
Sn-12 Im
Sb-125+
Te-127m+
Te-129m+
Te-13 1m+

Te-132+
Cs- 137+
Ce-144+
Pm-146
U-232sec
U-240+
Np-237+
Pu-244+
Am-242m+
Am-243+
Cm-247+
Es-254+
Es-254m+

Mn-52m
Zn-69
Y-90

Y-91m
Nb-95m

Nb-97m
Nb-97m
Tc-99m
Tc-101
Rh-103m
Rh-105m
Rh-106
Rh-103m
Ag-109m
Ag-108
Ag-l 10
Ag-109m
In-113m
In-1 15m
In-l lSm
In-114
In-1 13m
Sn-121
Te-125m
Te-127
Te-129
Te-131
1-132
Ba-137m
Pr- 144
Sm-146
Th-228
Np-240m
Pa-233
U-240
Np-238
Np-239
Pu-243
Bk-250
Fm-254

Nb-97

Cd-1 13

Pr-144m

Ra-224 Rn-220 Po-216 Pb-212 Bi-212 TI-208

Np-240

Np-240m Np-240

274
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275 3.3. ARTIFICIAL RADIONUCLIDES

276 The sequence of calculations for deriving the activity concentration levels for all material
277 containing artificial radionuclides, except foodstuffs and drinking water, proceeds along the
278 following lines:

279 * selection of radionuclides for which the calculations are carried out;

280 * definition of suitable scenarios and parameter values;

281 * calculation of annual doses relating to the unit specific activity (i.e., 1 Bq/g) for
282 cach radionuclide;

283 * identification of the limiting scenario for each set of calculations, i.e., the one that
284 gives the highest dose;

285 * derivation of the radionuclide specific activity concentration levels by dividing the
286 reference dose level (10 JLSv/a, 1 mSv/a, or 50 mSv/a, as appropriate) by the
287 annual dose calculated for 1 Bq/g for the limiting scenario for that nuclide; and

288 * application of rounding procedures to the activity concentration levels.

289 The rounding' to powers of ten is similar to the approach followed for the exemption levels. It
290 implies that the radiological models do not possess such a level of accuracy that a higher
291 precision of the result would be justified.

292 For the artificial radionuclides, several evaluations were considered as described below. The
293 scenarios described in this section serve to determine whether material should fall within the
294 scope of the BSS [2]. They are designed to be applicable to all material types in large
295 quantities. They are not, however, suitable to treat large amounts of NORM that is dealt with
296 in section 3.4.

297 Examination of a large number of scenarios from around the world revealed that the limiting
298 cases for a significant number of radionuclides could be reduced to a few scenarios. Within
299 these scenarios, different exposure pathways may account for the total exposure. These
300 relevant exposure pathways are summed up for each scenario to yield the total dose.

301 On a radionuclide by radionuclide basis, the dominant scenario depends on a few parameters,
302 such as exposure time, concentration of the radionuclide used in the exposure pathway(s),
303 timing of the scenario with respect to radioactive decay, etc. Based on these observations
304 from specific and detailed scenarios, the following scenarios are used in the calculation of
305 activity concentration levels:

306 * Scenario WL

307 A worker is exposed from contaminated material dumped on a landfill. Exposure
308 pathways encompass external irradiation from the material, the inhalation of
309 contaminated dust, and the inadvertent ingestion of contaminated material (e.g., via
310 hand-to-mouth pathway).

S If the calculated values lie between 3xlO' and 3x1O ", the rounded value is 10l'. This type of near-
logarithmic rounding was preferred in order to err by the same factor rather than by a factor 2 upwards and 5
downwards in conventional rounding.
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311 * ScenarioWF

312 A worker in a foundry where contaminated metal is smelted. External exposures arise if
313 the worker stays within the vicinity of piles of contaminated material. In addition, the
314 worker is exposed to dust released from the material during the transport and melting
315 process. This dust can be inhaled and inadvertently ingested.

316 * Scenario WO

317 A worker who comes into contact with contaminated material on a regular basis (e.g., a
318 truck driver). He is exposed externally from the material (e.g., from the truckload). This
319 scenario also covers the exposure from a large piece of equipment cleared from
320 regulatory control and is re-used in a workplace.

321 * Scenarios RL-C and RL-A

322 This scenario considers individuals living near a landfill or an other facility (RL-C =
323 child, RL-A = adult), being exposed through contaminated dust released at the landfill
324 or facility. In addition, it is assumed that the residents harvest foodstuff in a private
325 garden on ground that has become contaminated through the deposition of contaminated
326 material.

327 * Scenario RF

328 Since the exposure situation with respect to contaminated dust could be different near a
329 foundry to the residential scenario (RL), another scenario of a child being exposed to
330 contaminated dust released by a foundry is considered. Unlike scenario RL, covering a
331 general situation including landfills, no food consumption is considered here, because
332 the presence of contaminated material offsite is already covered by scenario RL.

333 * Scenario RH

334 Contaminated material (building rubble, slag, fly ash) may be used in the construction
335 of buildings as concrete aggregate or cement substitute. This will lead to an external
336 exposure of the building residents, which is addressed in this scenario. Other possible
337 uses of material cleared from nuclear facilities in private homes are also covered by this
338 scenario (e.g., the use of steel plates for the cladding of walls).

339 * Scenario RP

340 If contaminated material is used for covering public places there will be external
341 exposure and the inhalation and ingestion of contaminated dust for residents (e.g.,
342 playing children). This exposure situation is covered in this scenario.

343 * Scenario RW

344 The presence of contaminated material may lead to a release of radionuclides into a
345 groundwater aquifer. This may affect downstream wells. As a consequence, this may
346 lead to the ingestion of contaminated drinking water or of contaminated foodstuff
347 produced in a private garden if the well water is used for irrigation. If the contaminated
348 groundwater discharges into a river, the additional pathway of fish consumption has to
349 be considered.
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350 The identified scenarios encompass all reasonable situations worldwide without specifying a
351 specific situation. The scenarios are not intended to account for worst-case scenarios, outlier
352 scenarios or scenarios that apply to a very few individuals. In this way the scenarios are not
353 bounding.

354 Development of the scenarios is approached by the examination of the parameters of the
355 dominant exposure pathways, and the parameters are adapted to ensure worldwide
356 applicability to a variety of situations. Care is taken to ensure that the parameter values are
357 internally consistent within a particular scenario.

358 The limiting scenario may be different for different countries, because of different exposure
359 geometries, working hours, sizes of transportation vehicles, etc. Thus, different sets of
360 parameters could be chosen in different countries but the linkage of all relevant parameters
361 needs to be taken into account in developing the scenarios. There are balancing effects
362 between sets of parameters; while one parameter may be higher in one set than in another,
363 other parameters may be lower and compensate for the higher parameter. The enveloping
364 parameter set has been chosen carefully to avoid over-conservatism. The most restrictive
365 parameters are not necessarily all gathered into the enveloping scenario.

366 A number of scenarios are required which cover all relevant aspects of external irradiation,
367 inhalation, and ingestion in such a way that any exposure situation, that is reasonable to
368 assume, would not lead to higher doses. Whereas the exact parameter values may be material
369 specific, the general categories of scenarios and formulae are common to all material.

370 For each scenario, two distinct approaches have been used:

371 * The first approach is to make the calculations with realistic scenario parameter
372 values using an effective dose criterion of 10 ISv/a.

373 * The second approach is to use a set of low probability scenario parameter values
374 using an effective dose criterion of 1 mSv/a and a skin equivalent dose limit of 50
375 mSv/a.

376 The approach applied differs from the derivation of clearance values or exemption levels
377 made by other organizations [7], where only the predominant exposure pathway and not the
378 sum of all exposures within a exposure situation is taken as the basis for comparison to the
379 dose criterion. The reason for adopting this different approach is twofold:

380 * The original derivation of the 10 gSv/a criterion was based on a dose of 100 pSv/a
381 that was considered acceptable as a trivial risk. But since an individual may be
382 exposed to several exposure sources over different pathways, the criterion was
383 divided by ten accounting for this possible multiple exposures. The derivation of
384 activity concentration levels presented here, however, also is based on the 1
385 mSv/a public dose criterion for the low probability parameter assumptions. In this
386 case, no allowance can be made for multiple exposure pathways affecting one
387 individual because the dose criterion refers to the overall exposure of a member of
388 the public. Therefore, the sum of all exposures affecting one individual in a
389 specific situation has to be considered.

390 * The scenarios have been defined combining only those exposure pathways that
391 will occur simultaneously in a particular situation with a high probability. For
392 example, a landfill worker dealing with contaminated material will, in most cases,
393 be affected by external exposure as well as by dust inhalation and ingestion.
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394 Therefore, it is considered prudent to base the derivation of the activity
395 concentration levels on the sum of exposure pathways having a high probability of
396 affecting an individual simultaneously.

397 The situation could also occur that the different defined scenarios affect one individual. For
398 example, the landfill worker may happen to live in a house constructed with contaminated
399 material. A further combination of these exposures to yield the hypothetical maximum
400 exposure to an individual is not considered appropriate:

401 * For realistic parameters used in the scenarios, comparison is made with the
402 10 ptSv/a criterion, allowing for possible multiple exposures as discussed above.
403 Consequently, the activity concentration levels based on realistic parameters
404 implicitly take account of the possibility of such unlikely but possible multiple
405 exposures.

406 * Comparing exposures to the 1 mSv/a dose criterion, on the other hand, involves
407 low probability assumptions for each scenario. Therefore, the assumption that one
408 individual is exposed by two different scenarios, having only a small probability
409 of occurrence as such, plus the further assumption that in both scenarios the low
410 probability parameters are adequately describing the situation has only a
411 negligible overall probability of occurrence. It is therefore reasonable to assume
412 that for one individual, at a maximum, one exposure scenario will correspond to
413 the low probability parameters. This scenario then dominates the assessment
414 based on the 1 mSv/a dose criterion, and the possible simultaneous exposure
415 through another scenario contributing only 10 pSv/a is not of consequence.

416 3.4. SHORT-LIVED RADIONUCLIDES

417 According to the overall concept outlined in the Safety Guide, the activity concentration
418 levels should be lower than or equal to the exemption levels given in the BSS, because the
419 activity concentration levels define the entry level into the regime of the BSS while the
420 exemption levels are criteria within the scope of the BSS for exemption from this regime for
421 material with small activity concentrations and total activities. This condition is satisfied by
422 the results of the defined scenarios for most of the radionuclides, but not for all of them.

423 The calculated activity concentration levels are higher than the exemption levels for a number
424 of radionuclides with short half-lifes. The reason for this lies in the fact that the scenarios used
425 to determine the activity concentration levels are focusing on the handling (transport, trade,
426 use, or deposition) of the material outside the facilities in which they arise (i.e., reactors,
427 accelerators, laboratories), because these facilities will be under regulatory control in any
428 case. As a consequence, the scenarios used for the activity concentration levels always
429 consider a decay time before the start of the exposure (see Section 4.2), which is assumed to
430 be at least one day (or considerably longer for some scenarios). The calculations on which the
431 activity concentration levels in the BSS are based do not consider decay times because they
432 also cover the direct handling of the material in the facilities where the material arises.

433 In order to cover the direct handling of the material in the derivation of the activity
434 concentration levels, scenarios could be added in analogy to those used for the BSS. However,
435 this would not add any new information. Therefore, it is concluded to define the activity
436 concentration levels as the minimum of the scenario results -presented and the exemption
437 levels given in the BSS. This assures that the case of direct handling of the material is
438 adequately reflected in the activity concentration levels also for the short-lived radionuclides.
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439 3.5 NATURAL RADIONUCLIDES

440 Scenarios were not used for calculating activity concentration levels for naturally occurring
441 radionuclides. Rather, they were based on consideration of worldwide distribution of
442 concentrations of naturally occurring radionuclides.

443 3.6. MIXTURES

444 To apply the activity concentration levels to a material containing a mixture of radionuclides
445 (either artificial or naturally occurring), the concentrations should be determined as follows:

446

(1) artificial Cd(arnffal) (1

{- Activity concentration,

For each
(2) naturally radionuclide*: C-naurat (1

occurring Activity concentration

* In case of secular equilibrium, all C,,4 ural of a chain are equal.

where Cj(arfci,,,)az is the concentration (Bq/g) of artificial radionuclide is in the material, activity
concentrations is the activity concentration level for the artificial radionuclide in that material
and n is the number of radionuclides in the mixture. For equation 2, Cnarurai is the
concentration (Bq/g) of naturally occurring radionuclide in the material or for those materials
in secular equilibrium, it is the concentration of the parent nuclide, and activity concentration
is the activity concentration level for the naturally occurring radionuclide (or for those in
secular equilibrium, the parent nuclide).

447 If both (1) and (2) are satisfied and are less than or equal to 1, then the material should not be
448 attributed to radiation protection considerations. If either sum is greater than one, the
449 requirements of the BSS [2] should be applied to the material as given in section 2 of this
450 document. This type of relationship should be used by national regulatory bodies in their
451 specific guidance on application of the BSS [2] to account for situations where multiple
452 radionuclides are present in mixtures.

453 It is worth noting that this is a conservative approach since the pathways of exposure of the
454 critical group of exposed individuals is not necessarily the same for each nuclide, because of
455 partitioning or separation of nuclides by processes. In many cases it will be useful to identify
456 a measurable indicator nuclide within the spectrum and apply correspondingly, a sum-index
457 as defined above.
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458 3.7. AVERAGING PROCEDURE

459 When applying the derived activity concentrations, the regulatory body should consider
460 methodologies for sampling, averaging, monitoring, and detection of radionuclides. In doing
461 this, the regulatory body should recognize that these activity concentrations were derived for
462 large quantities and therefore the averaging should be done accordingly. Consideration should
463 also be given to surface contamination levels that would equate to the specified dose criteria.
464 The Agency is currently preparing guidance on these issues.

465 3.8. EFFECTS OF PARTICLE SIZES

466 The activity concentration levels are based on the average activity concentration in a material.
467 For material exhibiting a particle size distribution (e.g., building rubble, soil, ashes), the
468 average activity concentration is not necessarily identical with the activity in certain particle
469 size fractions. A well-known example is the distribution of the activity between ingot, slag,
470 and fume during the smelting of contaminated metal. Depending on technical parameters and
471 on the chemical properties of the radionuclides, a substantial enrichment of the activity
472 concentration may be found in the slag or in the fume.

473 For much other material not arising from thermal processes, higher activity concentrations in
474 fine fractions may be observed. This phenomenon can occur for material consisting of
475 individual particles by the transfer of dissolved radionuclides into the material with a fluid
476 phase (e.g., contamination from spills). A non-uniform activity concentration over particle
477 size may also be caused or further enhanced by a redistribution of the activity in the material
478 through leaching by fluids. An enhanced activity concentration of the fine fraction also
479 obviously results when the activity is brought into the material with fine particles (e.g.,
480 deposition of dust or fumes on surfaces).

481 A higher activity concentration in the fine fraction has to be considered in assessments of the
482 inhalation pathway. It is also relevant for the direct ingestion of contaminated material
483 because this also refers to the fine fraction.

484 Several investigations have been performed concerning the smelting of metal. On the basis of
485 these studies, element specific enrichment factors in the fumes between I and 70 have been
486 derived [9]. These are applied in the calculations performed here for the foundry scenarios
487 WF and RF.

488 For material other than metal, the situation is more complicated. The investigation of the
489 processes that may lead to an enriched activity in the fine fraction shows that the actual
490 activity distribution over particle size will depend on many factors, such as the type of
491 material, its physical and chemical properties, and the origin and possible later redistribution
492 of the contamination. This obviously causes difficulties for a generic assessment.
493 Nevertheless, it is considered more appropriate to take account of this phenomenon even in a
494 crude fashion rather than ignoring it in total.

495 On this basis, it is assumed for material other than metal, the activity concentrations in the
496 respirable fine fraction are a factor of four higher than in the average of the material. For the
497 dust that is subject to direct ingestion, a factor of two is used because this pathway on the
498 average refers to coarser particles. These numbers are based on comprehensive investigations
499 carried out on soil-like material in Germany [10]. It should be noted that the chosen factors do
500 not correspond to the maximum values observed in these studies. But they are considered
501 reasonable as an assumption covering the broad majority of material.
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502 3.9 SURFACE CONTAMINATION

503 The activity in a material is not in all cases fully characterized by the activity concentration.
504 Apart from particle size effects discussed above, a major portion of the activity may be
505 concentrated on the surface of the material. This is in particular relevant for metals and
506 buildings, but also other material may exhibit a surface contamination depending on their
507 nature and on the origin of the contamination.

508 The difference between contaminants present preferentially on the surface as compared to the
509 bulk of a material only plays a minor role for the important pathways of external irradiation
510 and of food ingestion, and does not affect exposure estimates significantly. For the inhalation
511 and ingestion of contaminated dust, however, this difference can become very important. A
512 well-known example is the massive release of surface-bound radionuclides during the thermal
513 cutting of metals, giving rise to a multiple of the doses that are to be expected if the
514 radionuclides are evenly distributed throughout the bulk of the material.

515 This aspect has been intensively considered in several studies relating specifically to the
516 clearance of material from nuclear installations [9, 11, 12]. For the purpose of the generic
517 derivation of activity concentration levels; however, such factors cannot be taken into
518 account. Therefore, it has to be recognized that for specific situations such as the clearance of
519 metal or the reuse of buildings from nuclear installations, additional criteria relating to the
520 surface contamination may have to be applied which are not reflected in the derived activity
521 concentration levels. This may lead to the decision of the regulatory body not to release some
522 material even if the activity concentration levels are not exceeded for the bulk quantity.

523 4. DEVELOPMENT OF ACTIVITY CONCENTRATION LEVELS FOR
524 ARTIFICIAL RADIONUCLIDES

525 4.1. OVERVIEW

526 An overview of the scenarios considered in the derivation of activity concentration limits for
527 artificial radionuclides and the relevant pathways is given in Table II. The basis for the
528 exposure estimates and the parameters used for the realistic and low probability cases are
529 described in the following sections. Section 4.2 presents scenario specific assumptions on
530 exposure and decay times as well as dilution factors. Section 4.3 discusses the specific
531 approaches for the modeling of the relevant exposure pathways.
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532 TABLE II. EXPOSURE SCENARIOS CONSIDERED AND RELEVANT PATHWAYS

Scenario Description Exposed Relevant Exposure Pathways
Individual

WL Worker on landfill or in other worker External exposure on landfill
facility (other than foundry) Inhalation on landfill

Direct ingestion of contaminated material

WF Worker in foundry worker External exposure in' foundry from
equipment or scrap pile

Inhalation in foundry

Direct ingestion of contaminated material

WO Other worker (e.g., truck driver) worker External exposure from equipment or truck
load

RL-C Resident near landfill or other child (1-2a) Inhalation near landfill or other facility
facility Ingestion of contaminated foodstuff grown

on contaminated land

RL-A adult (>17 a) Inhalation near landfill or other facility

Ingestion of contaminated foodstuff grown
on contaminated land

RE Resident near foundry child (1-2a) Inhalation near foundry

RH Resident in house constructed of adult (>17 a) External exposure in house
contaminated material

RP Resident near public place child (1-2a) External exposure on place
constructed with contaminated Inhalation of contaminated dust
material

Direct ingestion of contaminated material

RW-C Resident using water from child (1-2a) Ingestion of contaminated drinking water,

RW-A private well or consurning fish adult (>7 a) foodstuff and fish
from contaminated river

533 4.2. GENERAL PARAMETERS FOR SCENARIOS

534 For each scenario, general parameters are defined that characterize the exposure situation:

535 * Exposure time;

536 * Decay time allowed before the scenario starts; and

537 * Decay time during the scenario.

538 The decay time before the scenario addresses the period of time between the determination of
539 compliance with the activity concentration levels for the material in question and the actual
540 start of the exposure.

541 The decay time during a scenario defines the time intervals at which new material is brought
542 into a facility or used for construction purposes. Since exposures in individual years are
543 considered, a maximum of 365 days of decay can be taken into account during a scenario,
544 even if the deposition of material is a single event or if there is no new material used as in the
545 case of a building after the construction is finished.
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546 Decay times for the growing of foodstuff on contaminated land are treated separately because
547 the material in this case has to be present in the area concerned for a considerable period of
548 time before the growing of plants is expected to start.

549 The following values for these parameters for the realistic assumptions and for the low
550 probability case (see Section 2) are used:

551 * Exposure time:

552 - For all workplace scenarios except WO a range between a quarter of a
553 working year (realistic assumption) and a full working year (low probability
554 assumption) is used. For scenario WO an exposure time of 900 hours,
555 corresponding to half a working year, is used in order to cover the case that
556 a piece of equipment cleared from a nuclear facility is re-used.

557 - The realistic time residents are exposed from a facility is set to 1000 hours
558 per year. But since the dust within a building very close to a facility may
559 also be impacted, a low probability assumption of a continuous exposure
560 throughout a year is made. This covers, for example, a child spending most
561 of the time in the house or in its vicinity.

562 - With similar arguments, the low probability assumption for the scenario of
563 living in a house constructed from the material is set to a continuous
564 exposure (8760 hours). As a realistic assumption, 4500 hours are used.

565 - For the case of children playing on a public place covered with the material,
566 exposure times are assumed as 400 (about 1 hour per day) to 1000 hours, the
567 upper bound being sufficient to address children playing on this place for
568 about 3 hours every day.

569 * Decay times:

570 - Decay times are chosen identically for all scenarios in which the exposure is
571 due to material brought into a facility for processing or deposition. For the
572 realistic case, a decay time before the scenario of 30 days and a decay
573 during the scenario of 365 days is used. The latter corresponds to the
574 assumption that the facility receives such material only once or at least
575 infrequently. A facility processing such material on a routine basis is
576 covered by the low probability assumptions with only a one day decay time
577 before the scenario and no decay during the scenario.

578 - The two considered scenarios where the material has been used for
579 construction purposes (building or public place) assume a decay time before
580 the start of the scenario of 100 days. This allows for the preparation of the
581 building material and the construction phase. Since no new material will be
582 brought in after the construction is complete, a 365 day decay time during
583 the scenario is assumed.

584 - For the growing of foodstuff on an area contaminated by the material a
585 decay time of 365 days before the start of the scenario is assumed. Since
586 new material will not be added (or only a infrequent basis as, for example,
587 in the case of wood chips), the decay time during the scenario is also set to
588 365 days.
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589 - For the water pathways, decay times are considered within the model
590 applied (see Section 4.3.4). General assumptions are therefore not required.

591 The parameter values are provided in Table III.

592 TABLE III. GENERAL PARAMETER OF EXPOSURE SCENARIOS

Parameter Unit Case Scenario

WL WF WO RL RF RH RP

worker worker other resident resident resident resident
landfill foundry worker landfill foundry house place

realistic 450 450 900 1000 1000 4500 400
Exposure time (ts) h/a .

low prob. 1800 1800 1800 8760 8760 8760 1000

Decay time before d realistic 30 30 30 30 30 100 100
scenario (t,) low prob. I 1 1 1 1

Decay time during d realistic 365 365 365 365 365 365 365
scenario (t2) low prob. 0 0 0 0 0

Decay time before d realistic N/A N/A N/A 365 N/A N/A N/A
food scenario (tfl) I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Decay time during d realistic N/A N/A N/A 365 N/A N/A N/A
food scenario (ft)

593 4.3. MODELLING OF EXPOSURE PATHWAYS

594 In the following, the exposure models and the parameters used are described for all pathways
595 relevant to the exposure scenarios considered. The results of the calculations are shown in
596 Appendix H. The activity concentration levels are shown in Tables XV and XVI.

597 4.3.1. External Exposure

598 Exposure situations in which external exposure is relevant are quite varied and may include
599 exposure on a landfill or garden where waste that has been released from regulatory control is
600 disposed (landfill worker), working near a large piece of cleared equipment or while staying
601 in a building that is constructed using building rubble or other material (e.g., slag or fly ash)
602 that has been released from regulatory control as aggregate for the new concrete or as
603 substitute for cement in the concrete. The scenarios considered are defined to cover these and
604 similar situations.

605 The dose from external exposure is calculated according to equation (1):

606

Ee,..c = h. -t e - fd - e-*-
A .t 2

(1)

607
608
609
610
611
612

where
E~v.c [(uSv/a)/(Bq/g)] individual effective dose in a year from external

exposure per unit activity concentration in the material,
end [((Sv/h)/(Bq/g)] average effective dose rate per unit activity

concentration in the material, depending on geometry, distance,
shielding, age group etc.,
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613 te [hla] exposure time,
614 fd [-] dilution factor,
615 X [1/a] radioactive decay constant,
616 tj [a] decay time before start of scenario, and
617 t2 [a] decay time during scenario.
618

619 External exposures are assessed for four different situations as required by the definition of
620 the scenarios in Table II with the following parameters:

621 * Dilution factor:

622 - In a realistic situation, a dilution of at least 1:10 is reasonable to assume for
623 the landfill scenario while the low probability approach assumes no dilution.

624 - For the external irradiation in a foundry processing the material it is
625 assumed that a worker is in contact with a larger piece of equipment or a
626 pile of scrap. This also covers a truck driver bringing material to a foundry
627 or a landfill. The same range for the dilution factor is assumed as for the
628 landfill scenario.

629 - In scenario RH it is assumed that a person spends time in a room or
630 enclosure that is partially made from the material (e.g., by using building
631 rubble, slag or ash as aggregate or cement substitute in concrete). It is
632 assumed that the material of which the room or enclosure is constructed,
633 will in realistic circumstances, be mixed 1:10 with other material. Since the
634 construction material can, for technological reasons, contain only a certain
635 percentage of building rubble, ashes or similar material, an upper limit for
636 the dilution of 0.5 is assumed for the low probability case.

637 - The scenario RP considers playing children on a public place partially made
638 from the material. The dilution factor for realistic parameters is assumed at
639 0.1. For the low probability case a factor of 0.5 is chosen, because the public
640 place is not likely to be covered with a deep cover of the material - either
641 the cover will consist only of a relatively thin layer of, for example, ashes or
642 slag, or there will be some mixing with other material. A factor of 0.5 is felt
643 to provide a sufficiently conservative upper estimate.

644 * Density of material:

645 - The density of the material only has a relatively small effect on the results.
646 For a higher density, more activity is present per volume of the material
647 (with a given mass specific activity concentration). This increases the
648 number of photons emitted; however, self-absorption of the gamma
649 radiation by the material increases as well.

650 - On these grounds, a homogeneously'distributed source in the material is
651 assumed for which a density of 1.5 g/cm3 is used for the dose calculations in
652 all scenarios.
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653 * Geometry:

654 - In the landfill scenario and for the public place, doses are calculated for
655 rotational exposure geometry at 1 m height above the ground.

656 - To estimate exposures from a large item (equipment, pile of scrap,
657 truckload) the exposure geometry is chosen to be a slab 5 m x 2 m x 1 m
658 thick. The dose coefficients for this exposure situation are almost identical
659 to those for a smaller piece of equipment (5 m x 2 m x 1 m) made of steel
660 (density 7.8 g/cm3) considered in other models set up for the derivation of
661 clearance values. Thus, the scenario presented here covers both situations.

662 - For the building constructed of contaminated material, the exposure
663 geometry chosen is a room' of 3 x 4 m2 with a height of 2.5 m. The
664 calculations are based on 2 walls and a ceiling that are 20 cm thick. It is
665 assumed that windows and doors account for the other 2 walls and that the
666 floor would be made of other material. Doses are calculated for a rotational
667 geometry in the middle of the room at a height of 1 m. Doses calculated in
668 clearance studies for the use of steel plates cleared from nuclear facilities are
669 considerably smaller than those in the case considered here. Thus, this
670 scenario is covered here as well.

671 * Dose coefficients:

672 - Doses are calculated for adults in the workplace scenarios and for the
673 resident in the house. For the public place, dose calculations are performed
674 for children between I and 2 years of age.'°

675 The parameter values are provided in Table IV.

9 The actual size of the room is of minor importance. If, e.g., the room is much longer in one dimension, say 8 m
instead of 3 m, the dose coefficient increases by only 10%.
10 The inclusion of children between one and two years of age in the reference groups is consistent with a strict
interpretation of the exemption criterion (10 pSvla) as relating to any single year of exposure; in terms of
radiological risk from protracted low level exposure a much longer integration period could be considered so that
children of a specific age group would normally not be in the most restrictive age group.
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676 TABLE IV. PARAMETERS FOR EXTERNAL IRRADIATION SCENARIOS

Parameter Unit Case WL WF/WO RH RP

worker landfill foundry or resident house resident place
other worker

Dilution factor (fi) realistic 0.1 0.1 0.1 0.1

low prob. 1 1 0.5 0.5

Density of material g/cm 3  1.5 1.5 1.5 1.5

Geometry i m above 1 m from load Ceiling, 2 1 m above
ground, or item walls, 3x4 m2, ground,

semi-infinite 5x2xlm3, 2.5 m height, semi-infinite
source no shielding 20 cm wall source

thickness.

Dose rate uSv/hI(Bq/g) (adult) (adult) (adult) (child 1-2 a)

coefficient ( e e) Depending on radionuclide and geometry

677 4.3.2. Inhalation

678 Inhalation of contaminated dust can occur in many exposure situations. Therefore,
679 representative exposures for workplaces and for the general population are considered. A
680 child (age group 1-2 a) is chosen as the reference age group in the latter case.

681 Doses from inhalation are calculated according to equation (2):

682

Ejil.c = elh, t -fd -fc.CdUS.V e- 'A
(2)

683
684
685
686
687
688
689
690
691
692
693
694

where
Eih.C [(pSv/a)/(Bq/g)] individual effective dose in a year from inhalation per

unit activity concentration in the material,
eij,. [pSv/Bq] effective dose coefficient for inhalation (see section 3.1.),
te [h/a] exposure time,
fd [-] dilution factor,
fc [- concentration factor of specific activity in the fine fraction,
Cdst [g/m3] effective dust concentration in the air,
V [m3/h] breathing rate,
A [1/a] radioactive decay constant,
tj [a] decay time before start of scenario, and
t2 [a] decay time during scenario.

695 The inhalation pathway is relevant for most of the scenarios considered. The following
696 parameters are used:

697 * Dilution factor:

698 - For the landfill, the same range (0.1 to 1) for the dilution factor is used as
699 for external irradiation.
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700 - The dilution factor for the foundry is chosen as 0.02 in the realistic case,
701 accounting for the fact that typical foundries process large amounts of scrap
702 material. For the low probability case, a factor of 0.1 is used."

703 - For the residents living in the vicinity of a landfill or facility, the dilution
704 factors are reduced by a factor of 10 as compared to the assumptions within
705 the facility. This takes into account that several other sources will contribute
706 to the airborne dust outside the facility.

707 - On the public place a realistic dilution factor of 0.1 is assumed in
708 accordance with the assumptions for the external exposure. However, the
709 low probability assumption of the external exposure pathway of 0.5 dilution
710 is not used for the inhalation pathway, because the material may have been
711 used for covering the place with a thin layer (e.g. ash). Since the airborne
712 dust in this case would be almost completely generated from the cover layer,
713 no dilution is assumed in the low probability case.

714 * Dust concentration in air:

715 - For the workplaces, a realistic dust concentration in air of 0.5 mg/m3 and a
716 low probability value of 1 mg/r 3 is assumed.

717 - The range for the dust concentration in air for the scenarios outside the
718 facilities are reduced to 10 4 for realistic assumptions and to 5x104 for low
719 probability assumptions.

720 * Concentration factor of specific activity in the fine fraction:

721 - The higher activity in the fine fraction as compared to the material average
722 is taken into account according to the discussion in Section 3.7. For metal
723 smelting an element dependent range between 1 and 70 is used, while for
724 other materials a factor 4 is used.

725 * Breathing rate:

726 - The breathing rate for workers and other adults is set to 1.2 m3/h
727 (accounting for moderate physical activity). For children between one and
728 two years of age a breathing rate of 0.22 m3/h is applied.

"It should be noted that for the external irradiation in the foundry, a dilution factor in the range of 0.1 to I is
used, corresponding to the landfill scenario. The reason for adopting a lower factor for the inhalation pathway is
as follows: A worker in the foundry may be specialized on processing certain material types in preparation to
smelting (e.g., stainless steel). Consequently, this worker may be exposed to the material of concern on a
frequent basis, which is accounted for by the lower dilution considered for the external exposure as well as for
the material ingestion scenarios. The radionuclide concentrations in the fumes present in the foundry, on the
other hand, will be determined by the overall dilution of the material processed in the facility, which is expected
to be considerably higher.
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729 * Dose coefficients:

730 - Dose coefficients for workers are taken from the BSS [2] for 5 jtm AMAD
731 (Activity Median Aerodynamic Diameter). For the public, dose coefficients
732 are taken from the BSS [2] for the default lung retention class and the
733 appropriate age group.

734 Parameter values are provided in Table V.

735 TABLE V. PARAMETERS FOR INHALATION SCENARIOS

Parameter Unit Case WL WF RLA RL-C RF RP

worker worker resident landfill resident resident
landfill foundry foundry place

Dilution factor (fd) realistic 0.1 0.02 0.01 0.01 0.002 0.1

low prob. I 0.1 0.1 0.1 0.01 I

Dust concentration in g/m3  realistic 5 x 104 5 x 104 10i4 104 104 104

air (C,),,J low prob. 13 l0o- 5 x 104  5 x 10
4  5x10 4  5 x 10

4

concentration factor H-] 4 1-70 4 4 1 - 70 4

Breathing rate (iV) mn/h 1.2 1.2 1.2 0.22 0.22 0.22

Dose coefficient (eh) pSvIBq 5 ptm, 5 pm, adult, child (1-2a), child (1-2a), child (1-2a),
worker, worker, see 3.1. see 3.1. see 3.1. see 3.1.
see 3.1. see 3.1.

736 4.3.3. Ingestion

737 Two types of exposure pathways are considered for ingestion:

738 * Inadvertent direct ingestion of dust (e.g. via hand-to-mouth-pathway), and

739 * Ingestion of crops which are grown in the material in question (e.g. soil) which
740 the nuclides enter via the roots of the plants.

741 The growing of plants in soil that contains material that has been released from regulatory
742 control might occur in the following situations: released building rubble which is present in
743 soil in small fractions, released soil from a nuclear site which is used in a garden or which has
744 been used for covering an old landfill site which later on is used as a recreational area, or even
745 reuse of a former nuclear site for general purposes. The foodstuff scenario RL-A accounts for
746 an adult who will consume vegetables grown in the material, RL-C covers the exposure of
747 children in the same situation.

748 The dose from ingestion is calculated according to equation (3):

749

Emgc =eg *q fd 'f .f Aek I e
(3)

750 whereE,,g.c [(ISv/a)/(Bq/g)] individual effective dose in a year from ingestion per
751 unit activity concentration in the material,

- 23 -



752 ei,,g [pSv/Bq] dose coefficient for ingestion see section 3.1.,
753 q [g/a] ingested quantity per year,
754 fd [-] dilution factor,
755 [-] concentration factor in fine fraction,
756 f. [-] root transfer factor,
757 A [1/a] radioactive decay constant,
758 tj [a] decay time before start of scenario, and
759 t2 [a] decay time during scenario.

760 The factor f describes the transfer of elements from soil to plants for those circumstances
761 where growing of foodstuff in soil mixed with material that has been released from regulatory
762 control is considered. This factor accounts for the fact that the uptake of radionuclides in
763 plants depends on the element. Values forf are given in Bq/kg in the plant per Bq/kg in the
764 soil (i.e., they are dimensionless) and are provided in Safety Report 19 [13].

765 The following parameters are used for the ingestion scenarios:

766 * Dilution factor:

767 - Assumptions for the dilution of dust ingested inadvertently by a resident
768 near a landfill are identical to those for the inhalation pathway. For the
769 growing of foodstuff a realistic dilution of 0.01 and a low probability
770 dilution of 0.1 is used. This dilution covers the fact that only part of the soil
771 will consist of the material. It is also assumed that only a portion of the
772 annual dietary intake will be grown in the garden. With the combination of
773 these two factors, the assumed range is considered to be adequate.

774 * Concentration factor of specific activity in the fine fraction:

775 - This factor is only relevant for the direct ingestion of material. For the
776 particle size fraction that may be subject to direct ingestion a concentration
777 factor of 2 is used according to the discussion in Section 3.8.

778 * Root transfer factor:

779 - This factor is only relevant for the ingestion of foodstuff. Root transfer
780 factors describing the transfer of radionuclides from the soil to the plants are
781 provided in [13].

782 * Annually ingested quantity:

783 - For the direct ingestion of a worker a quantity of 10 g/a is assumed. A low
784 probability approach is to use 50 g/a.

785 - The amount of dirt and dust which a small child may inadvertently swallow
786 when playing on a public place covered with the material could amount
787 under realistic assumptions to 25 g/a. The low probability approach is to
788 assume an ingested quantity of 50 g/a.
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789 - For the foodstuff pathway the annual consumption of vegetables and fruits
790 is considered that may be grown in the garden." Consumption quantities
791 used are for the realistic case 68 kg per year for children and 88 kg per year
792 for adults. In the low probability scenarios consumption rates of 204 kg per
793 year for children and 264 kg per year for adults are used. The derivation of
794 these assumptions is provided in connection with other consumption
795 parameters required for the water pathway model in Section 4.3.4. A
796 dilution with foodstuff from other sources already has been taken into
797 account in the assumptions for the dilution factor.

798 * Dose coefficients:

799 - The ingestion dose coefficients are taken from the Basic Safety Standards
800 [2] for workers or the appropriate age group of the public.

801 Parameter values are provided in Table VI.

802 TABLE VI. PARAMETERS FOR INGESTION SCENARIOS

Parameter Unit Case NVL/WF RP RL-A RIC
landfill or resident place resident landfill
foundry
wvorker

Dilution factor (Jd) realistic 0.1 0.1 0.01 0.01
low probab. 1 1 0.1 0.1

Concentration factor [] 2 2 N/A N/A
(fe) _ _ _ _ _ _ _ _ _ _ _ _

Root transfer factor (fi) [-1 N/A N/A [12] [121

Annually ingested g/a or realistic 10 g/a 25 g/a 88 kg/a 68 kg/a
quantity (q) kg/a low probab. 50 g/a 50 gla 264 kg/a 204 kg/a

Dose coefficient (ei,,a) Sv/Bq worker; child (1-2a), adult, child (1-2a),
see 3.1. see 3.1. see 3.1. see 3.1.

803 4.3.4. Water Pathway

804 Water pathways are included in radiological assessments in those cases where large quantities
805 of material that has been removed from regulatory control are disposed or stored in a single
806 place where rain can reach the material and dissolve its residual contamination that is then
807 carried away to a groundwater layer or to surface water. The radionuclides can enter the
808 human food chain if the water is used as drinking water or for irrigation purposes. In the case
809 of groundwater contamination, it is conceivable that the water is taken from a private well that
810 is not subject to any legal requirements concerning the water quality, while in the case of
811 surface water contamination, the water might be used by municipal water works. Various
812 investigations have demonstrated that the private well supplying groundwater to a family is
813 the most restrictive of the various water pathways. If the contaminated water is discharged

12 This scenario does not consider other agricultural products like grain, meat, or milk. Such products would
require substantially larger areas as compared to the growing of vegetables or fruit in a private garden. This
would lead to substantially higher dilution factors because it cannot reasonably be assumed that large agricultural
areas are contaminated in total with the material. Therefore, the consideration of a private garden with limited
types of foodstuff produced represents the covering scenario for the food pathway.
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814 into surface water an additional exposure pathway to be taken into account is the ingestion of
815 contaminated fish.

816 Modeling a water pathway requires assumptions about the quantity of material that is stored
817 or disposed, the location (landfill site, public area, etc.) where it is placed and the
818 characteristics of the environment (e.g., hydrogeology). These factors are highly site-specific
819 making the generic modeling of the water pathway difficult. Nevertheless, it is considered
820 more appropriate to include the water pathway into the assessment in spite of this difficulty
821 than to disregard this pathway in total.

822 The model used for the water pathway is described in the following. In line with the overall
823 approach a realistic case and a low probability case are considered. Assumptions for the latter
824 case represent unfavorable site and exposure conditions, so that the modeling results are
825 considered to cover all situations that are reasonably to be expected.

826 The models developed are based on the RESRAD computer model developed for radiation
827 dose estimates arising from residual radioactive material [14]. This computer model has been
828 widely used for exposure assessments and has been benchmarked against other models. A
829 direct use of RESRAD for modeling the water pathway, however, was not possible because
830 not all of the nuclides relevant here are considered in RESRAD. Moreover, only a small
831 subset of the models implemented in RESRAD actually are required here. Therefore, it was
832 decided to develop a new model based on algorithms and assumptions provided in the
833 RESRAD documentation. In order to verify the model developed, its results were checked
834 against RESRAD results for selected radionuclides.

835 4.3.4.1. Model equations

836 The modeling of the water pathway assumes an extended source of the material present in the
837 catchment area of a groundwater aquifer. This could be a landfill or the consequence of the
838 use of the material in a landscape construction project.

839 The model assumes conservatively that the whole inventory of radionuclides in the material is
840 available for migration. The rate at which the radionuclides are released is determined using a
841 Kd model [14]. Within this model the leach rate of the radionuclide i from the source L, is
842 given as:

843

L=___I__(4)

844 where
845 I [m/a] infiltration rate,
846 O't volumetric water content of the contaminated zone (dimensionless),

847 zCZ [in] thickness of contaminated zone,

848 RI retardation factor for radionuclide i (dimensionless),

849 The retardation factor is given by:

850
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R7z = 1 +P CKdi (5)

851 where
852 pa [g/cm 3 ] density of contaminated zone, and

853 Kd, [cm3lg] distribution coefficient for radionuclide i.

854 The decisive parameter determining the leaching of different radionuclides from the
855 contaminated zone is the distribution coefficient. This quantity is dependent on the chemical
856 characteristics of the radionuclide and the geochemical properties of the soil. Values provided
857 for different elements in the literature vary considerably. For the purpose of the generic model
858 developed here it is therefore necessary to select conservative estimates from the values
859 published for different elements.

860 For the realistic scenario the default values used in the RESRAD model are used. These are
861 already reasonably conservative in comparison to other values published (see Table E.4 in
862 [14]). For some nuclides, however, lower values are reported in this table. The low probability
863 scenario therefore uses the minimum values for the distribution coefficients provided in Table
864 E.4 of [14].

865 For some elements no measurements of distribution coefficients are available. In this case the
866 approximation given in Appendix H of [14] is used, estimating the distribution coefficient
867 from the root transfer factor]; (see Section 4.3.3) as

868

lnKd, =a+b-lnf, (6)

869 with a = 2.11 (valid for sandy soil) and b = -0.56.

870 The values of the distribution coefficient used for the different elements are given in
871 Table VII. Values derived from Equation (6) are indicated. The remaining values are based on
872 measurements.
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873 TABLE VII. DISTRIBUTION COEFFICIENTS (cm3/2)
Element realistic low probability

Ag 0 0
Am 20 20
Ba 50 44
Bi 0 0
Bk 213 213
C 0 0
Ca 50 5
Cd 0 0
Ce 1000 500
Cf 109 109
Cl 3 3
Cm 395 395
Co 1000 60
Cs 1000 270
Es 213 213
Eu 268 240
Fe 1000 160
Gd 182 182
H__ 0 0
Ho 182 182
I 0.1 0.1
La 213 213
Mn 200 50
Mo20 10
Na 10

value calculated using Equation 6

. _ _

Element realistic low probability
Nb 0 0
Ni 1000 300
Np 50 5
Pd 30 30
Pm 268 240
Pt 12 12
Pu 2000 550
Rb 20 20
Rh 44 44
Ru 0 0
Sb 0 0
Se 0 0
Sm 182 182
Sn. 0 0
Sr 30 15
Tb 182 182
Tc 0 0
Te 0 0
Th 60000 1378
TI 0 0
Tm 213 213
U 50 15
Zn 0 0
Zr 395 280

874

875
876
877
878
879
880
881
882

883

884

It should be noted that Kd values in concrete situations may be considerably different from the
numbers given in Table VII. It may also be the case that the linear Kd model is not adequate
for certain site conditions (e.g. because of the presence of other chemical substances or
because of adsorption saturation effects). Therefore, it cannot be assumed that leach rates in
all cases are covered by the model presented. This possibility, however, has to be seen in the
overall context of relatively conservative assumptions used, so that a higher leach rate for
some radionuclides under specific site conditions does not necessarily mean that eventual
exposures are higher than predicted by the model.

The radionuclide concentration in the seepage C,' for radionuclide i can be calculated from

the leach rate Li as:

885

Ci M -c,*-L'
Us

(7)

886
887
888

889

890

where
M [g] total mass of contaminated material,
c, [Bq/g] specific activity of radionuclide i in the contaminated material,

Li [1/a] leach rate for radionuclide i according to Equation (4), and

U' [m3/a] volume of seepage through contaminated zone.
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891 The volume of the seepage through the contaminated zone If is given by:

892

U=I-A': (8)

893 where
894 1 [m/a] infiltration rate,
895 A' [m2] surface area of contaminated zone.

896 It is assumed that the seepage from the source is discharged into an aquifer. For the realistic
897 scenario, it is assumed that there is an unsaturated zone between the contaminated material
898 and the aquifer. Its presence will only have an effect on the eventual contaminant
899 concentration in the seepage reaching the aquifer through radioactive decay of the
900 radionuclides while migrating through the unsaturated zone. The transport time through this
901 zone is given by the following equation:

902

Z' .Rt`.Puz.Ruz (9)

903 where
904 1 [m/a] infiltration rate,
905 zU [in] thickness of contaminated zone,

906 p"Z effective porosity of the unsaturated zone (dimensionless),

907 R.": saturation ratio of the unsaturated zone (dimensionless), and

908 RjZ retardation factor for radionuclide i in the unsaturated zone
909 (dimensionless).

910 The unsaturated zone retardation factor is given by:

911

__ _ _ Kdi (10)

912 where
913 puz [g/cm3] density of unsaturated zone,

914 Kd, [cm3/g] distribution coefficient for radionuclide i, and

915 Ou volumetric water content of the unsaturated zone (dimensionless).

916 Distributions coefficients are chosen identical to the contaminated zone (see Table VII).

917 The transport time given by Equation (9) will only be valid if the transport can be described as
918 flow through a porous medium with the Kd concept being applicable. This will not be the case
919 in all situations. For example, transport mechanisms like fracture flow or colloidal transport
920 may lead to a substantially faster transport of the radionuclides through the unsaturated zone.
921 Therefore, the low probability model does not take account of the presence of an unsaturated
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922 zone at all. This covers the situation where there is a direct contact of the contaminated zone
923 with the groundwater aquifer as well as the presence of fast transport mechanisms through an
924 unsaturated zone.

925 The exposure assessment assumes a private well downstream of the source. This well is
926 conservatively assumed to be so close to the source that no dilution with groundwater that has
927 not been impacted by the source takes place. The transport modeling of the radionuclides in
928 the aquifer does not consider dispersion or diffusion effects. This is also a conservative
929 assumption.

930 Within these assumptions the radionuclide concentration in the well water is given by the
931 dilution with the groundwater volume U., flowing underneath the area of the contaminated
932 zone:

933

Ugw = zW.Ivw.9w .pSW ( 1)

934 where
935 z9W [m] thickness of aquifer,
936 wiw [m] width of contaminated zone perpendicular to flow rate of aquifer,
937 vgw [mla] pore water velocity of groundwater, and
938 pEW effective porosity of aquifer (dimensionless).

939 From Equations (7), (8), (9), and (11) the concentration of the radionuclide i in the well water
940 c; is given by:

941

cow= u Cj' *e-'~ (12)

942

943 From this result the ingestion dose arising from the use of the well water as drinking water
944 can be calculated.

945 For the assessment of the radiological impact of using this water for the irrigation of foodstuff
946 grown in a private garden the transfer of the radionuclides from the water to the plants has to
947 be considered. This is performed using the transfer factor given in the following equation
948 derived in [14] assuming an overhead irrigation of the plants:

949

A * T -T'(I - e t) + -r -(l-f).f, -. (l-e 4') (13)

950

951 where (with default assumptions used according to [13])
952 Ir, [rn/a] irrigation rate,
953 f, fraction of deposited radionuclides retained on vegetation (0.25),
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954 Tf foliage-to-food transfer coefficient (0.1 for fruit and non-leafy
955 vegetables and 1 for leafy vegetables),
956 A,, weathering removal constant for vegetation (20 a'l),
957 te time of exposure during growing season (0.17 a for fruit and non-leafy
958 vegetables and 0.25 a for leafy vegetables),
959 Y, wet-weight crop yield (0.7 kg/rM2 for fruit and non-leafy vegetables and
960 1.5 kg/rn2 ) for leafy vegetables,
961 fi root transfer factor for radionuclide i (dimensionless, see Section 4.3.3),
962 Li [1/a] leach rate for radionuclide i according to Equation (4), and
963 p' effective surface density of soil (225 kg/m2 )

964 The eventual discharge of the groundwater into a surface water body will also give rise to
965 exposures if the surface water is used as drinking water or for irrigation. However, because of
966 dilution effects doses will be lower in this case as compared to the private well. Therefore, it
967 is not necessary to consider the use of surface water explicitly in the model. An additional
968 exposure pathway arises, however, through the ingestion of fish from this surface water body.
969 In analogy to Equation 12, the radionuclide concentration in the river water (cur) is
970 determined from the flow rate of the river (Ur)as:

971

U' . (14)

972 From this concentration the radionuclides transferred into fish can be calculated using transfer
973 factors given in Table D.5 of [14].

974 4.3.4.2. Conditions at model site

975 For the realistic scenario, the amount of material present on the site is assumed as 25,000 M3,
976 and for the low probability case, a total volume of 100,000 m3 is considered. The thickness of
977 the contaminated zone is assumed to be 5 in in both cases. These assumptions are considered
978 to cover all cases of material containing artificial radionuclides."

979 In analogy to the foodstuff scenarios, a decay time before the start of the scenario of one year
980 is assumed. During the scenario the decay depends on the migration time of the contaminant
981 calculated according to Section 4.3.4.1. After the water reaches the well or the river, no
982 further decay is considered because the dominating pathway is the direct ingestion of drinking
983 water, which would occur instantaneously.

984 The infiltration rate is chosen as 0.2 m per year corresponding to the default assumptions in
985 RESRAD. This value is sufficient for a moderate climate. In cases of wet regions and
986 appropriate soil conditions, higher infiltration rates are possible. However, in this case flow
987 rates of aquifers and surface water are to be expected to be higher too, so that the eventual
988 dilution factor between the seepage from the contaminated material and ground or surface
989 water should remain approximately the same.

13 For material with elevated levels of natural radionuclides (NORM), higher masses are possible (e.g. in
connection with mining operations). However, the models developed are not applied to natural radionuclides in
this report.
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990 For realistic assumptions an unsaturated zone of 2 m thickness is assumed between the
991 contaminated zone and the top of the aquifer. The low probability scenario assumes direct
992 contact of the contaminated zone and the aquifer.

993 The pore water velocity of the groundwater in the aquifer is taken as 1000 m per year in the
994 realistic case and 500 m per year in the lowv probability case. Lower groundwater velocities
995 and consequently a lower dilution may occur at some sites. However, within the overall
996 context of the assumptions applied to the model site, this range is considered to be sufficiently
997 conservative.

998 The groundwater in the private well is assumed to be used as drinking water and for irrigation
999 purposes in a private garden. The irrigation rate is assumed as 0.2 m per year.

1000 The river considered in the model is assumed to have a flow rate of 5 m3/s, which is
1001 considered high enough to support a sufficient fish population to cover the annual fish
1002 consumption of the exposed persons.

1003 The model calculations consider adults and children of the age group 1-2a in accordance with
1004 the ingestion scenarios presented in Section 4.3.3. Dietary parameters are also chosen
1005 consistent with these scenarios. The model presented requires input parameters for the
1006 consumption of

1007 * drinking water;

1008 * leafy vegetables;

1009 * non-leafy vegetables and fruits; and

1010 * fish.

1011 Safety Report 19 [13] provides only aggregate numbers on consumption (410 kg per year of
1012 fruits, vegetables, and grain for adults). Since this is not sufficient for the models developed
1013 here, the ingestion quantities are based on detailed parameters provided in the German
1014 Radiation Protection Ordinance [15], giving ingestion quantities for average cases and for low
1015 probability cases (approximately corresponding to 95% percentiles). These parameters are
1016 used for the realistic and the low probability scenarios, respectively. They are shown in Table
1017 VIII. Considering that the overall consumption given in [13] of 410 kg per year also includes
1018 grain, the assumptions are consistent.

1019 TABLE VIII. INGESTION PARAMETERS

Type consumption of children (1-2a) consumption of adults (>17 a)
[kg/al [kg/a)

realistic low prob. realistic low prob.

drinking water 100 200 350 700

leafy vegetables 6 18 13 39

non-leafy vegetables 17 51 40 120

fruits 45 135 35 105

total vegetables and fruits 68 204 88 264

fish 0.6 3 1.5 7.5
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1020 For the realistic scenario, it is assumed that 25 % of the annual consumption of drinking water
1021 and foodstuff are affected by the radionuclides from the contaminated material and that the
1022 remainder is obtained from other sources. In the low probability scenario, the assumption is
1023 used that the total consumption of drinking water and foodstuff as specified above is affected
1024 from the contaminated material.

1025 A summary of the site parameters used is presented in Table IX.
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1026 TABLE IX. SITE PARAMETERS FOR WATER PATHWAY MODEL

decay time before scenario
area of contaminated zone
thickness of contaminated zone
density of contaminated area
infiltration rate
irrigation rate
seepage through contaminated zone (calculated)
total porosity of contaminated area
saturated hydraulic conductivity
volumetric water content

a 1 1

m2  5000 20000
m 5.00 5.00
g/cM3  1.80 1.80
m/a 0.20 0.20
rn/a 0.20 0.20
m3/a 1000 4000

0.40 0.40
m/a 5000 5000

0.16 0.16

thickness of unsaturated zone m 2.00 0.00
density of unsaturated zone g/cm3  1.80 1.80
total porosity of unsaturated zone 0.40 0.40
effective porosity of unsaturated zone 0.20 0,.20
volumetric water content 0.16 0.16

thickness of aquifer m 5.00 5.00
width of contaminated zone perpendicular to aquifer m 100 100
groundwater pore water velocity rn/a 1000 500
effective porosity of aquifer 0.25 0.25
flow rate of aquifer (calculated) m3/a 1.25E+05 6.25E+04
dilution factor between seepage and oundwater (calculated) 7.94E-03 6.02E-02

flow rate of river m3/s 5.00 5.00
dilution factor between see age and river (calculated) 6.34E-06 2.54E-05

length of growing season for non-leafy vegetables a 0.17 0.17
length of growing season for leafy vegetables a 0.25 0.25
weathering removal constant for vegetation 1/a 20 20
fraction of radionuclides retained on vegetation 0.25 0.25
foliage-to-food transfer coefficient for non-leafy vegetables 0.1 0.1
foliage-to-food transfer coefficient for leafy vegetables 1 I
effective surface density of soil kg/rm2  225 225
wet-weight crop yield for non-leafy vegetables kg/rn2  0.7 0.7
wet-weight crop yield for leafy vegetables kg/rm2  1.5 1.5

I I .

consumption of drinking water (1-2a)
consumption of drinking water (> 17a)
consumption of non-leafy vegetables (1-2a)
consumption of non-leafy vegetables (> 17a)
consumption of leafy vegetables (1-2a)
consumption of leafy vegetables (> 17a)
consumption of fish (1-2a)
consumption of fish (> l7a)
fraction of contaminated drinking water consumed
fraction of contaminated vegetables consumed
fraction of contaminated fish consumed

kg/a
kg/a
kg/a
kg/a
kg/a
kg/a
kg/a
kg/a

100
350

17
40
6

13
0.6
1.5

0.25
0.25
0.25

200
700

51
120
18
39
3

7.5
1
1
1
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1027 4.3.4.3. Radionuclides considered

1028 Modeling is performed only for radionuclides with a half-life greater than 0.5 years because
1029 radionuclides with a shorter half-life will not contribute significantly to the water pathway
1030 doses. Ingestion doses incurred by these short-lived radionuclides will be dominated by the
1031 ingestion scenarios and/or other pathways presented in Section 4.3.3

1032 The ingrowth of daughter nuclides is considered according to Section 3.2. However, for the
1033 water pathway it has to be considered that the leachability and groundwater mobility of a
1034 daughter nuclide may be higher than those of its parent nuclides. To account for this effect the
1035 following approach is used:

1036 * Daughter nuclides with a half-life less then 0.05 years are treated in equilibrium
1037 with their parent nuclides in the water and foodstuff consumed because the
1038 processes relevant for the migration of the radionuclides and the plant uptake are
1039 slow enough to at least nearly achieve a radioactive equilibrium in this case.

1040 * Longer-lived daughter nuclides are modeled independently and their dose
1041 contribution is added to the dose incurred by the parent nuclide. The ingrowth of
1042 daughter nuclides is considered in analogy to the other pathways using the model
1043 presented in Chapter 2.

1044 4.3.4.4. Time scales

1045 In the realistic scenario, an unsaturated zone is assumed to be present between the
1046 contaminated material and the groundwater aquifer. In this situation, migration processes of
1047 contaminants with a high Kd value are very slow. The time span between the deposition of the
1048 material and their arrival in the well or the river may be hundreds or even thousands of years.
1049 The consideration of such long-term exposures may be seen as contradicting the assumption
1050 concerning the ingrowth of daughter nuclides (see Chapter 2), where a period of 100 years has
1051 been used.

1052 The examination of the results for those nuclides dominated by the water pathway within the
1053 realistic scenario showed, however, that the resulting activity concentration levels do not
1054 change if a cut-off after 100 years is applied. Therefore, the question of which time scale to
1055 used is not of practical relevance in this case.

1056 4.3.4.5. Discussion of results

1057 The results from the water pathway model presented in Appendix II show that only for some
1058 radionuclides the water pathway dominates the activity concentration level. These are mobile
1059 nuclides with a considerably long half-live, high ingestion dose factors and low external dose
1060 factors.

1061 The exposures from these nuclides over the water pathway in real situations will depend on
1062 actual site conditions. As discussed already, the model used for the derivation of activity
1063 concentration levels does not cover all potentially occurring individual site parameters.
1064 Nevertheless, the results are considered to be sufficiently conservative to cover the vast
1065 majority of cases:
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1066 * The volumes of contaminated material considered in the model are quite high.

1067 * The exposure situation of residents using the contaminated groundwater
1068 downstream of the landfill without any additional dilution corresponds to
1069 unfavorable conditions.

1070 * The model used does not take account of effects like dispersion that would lead to
1071 lower exposures.

1072 * An intensive use of the contaminated water is assumed for drinking water and for
1073 irrigation purposes.

1074 On this basis, the derived activity concentration levels are considered appropriate also for
1075 sites where some of the relevant site factors are more unfavorable as assumed here.

1076 4.3.5. Skin Contamination

1077 Skin contamination by dust containing radionuclides can only occur with some significance at
1078 workplaces in dusty environments. Those workplaces may be at a scrap yard or metal
1079 recycling facility where metal is segmented or at a landfill site where workers come into
1080 contact with the dumped material.

1081 The skin dose is calculated according to equation (15):

1082

2.r2)E.,km~c = e.jj tin t Ld.a E d fc p e

1083

1084 where
1085 Es.,,c [(pSvla)I(Bq/g)] skin equivalent dose in a year from skin contamination
1086 with beta and gamma emitters per unit activity concentration in the
1087 material,
1088 ,m [(pSvlh)/(Bqkcm 2)] sum of skin equivalent dose rate coefficients for
1089 beta emitters (4 mg/cm2 skin density) and for gamma emitters [6] per
1090 surface specific unit activity,
1091 te [h/a] exposure time (time during which the skin is contaminated),
1092 Ld,,: [cm] layer thickness of dust loading on the skin,
1093 fd [-] dilution factor,
1094 [- concentration factor,
1095 p [g/cm3 ] density of surface layer,
1096 A [1/a] radioactive decay constant,
1097 tj [a] decay time before start of scenario, and
1098 t2 [a] decay time during scenario.

1099 Contamination of the skin is assumed to occur during the entire working year (1800 h/a). The
1100 layer thickness of the dust is assumed to 100 gm (0.01 cm) which is a thickness that would
1101 not be significantly disturbing while working and therefore would be removed by the worker
1102 only at the end of his working time.
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1103 No dilution has been assumed. This is a conservative assumption, but it is consistent with the
1104 low probability parameter used for the landfill scenario. In order to account for a higher
1105 activity concentration in the fine fraction a concentration factor 2 is used (see Section 3.7). As
1106 the material causing skin contamination might always be recently cleared, no decay before or
1107 during the scenario is assumed. The density of the dust on the skin is set to 1.5 g/cm3.

1108 Parameter values provided in Table X.

1109 TABLE X. SCENARIO PARAMETERS FOR SKIN CONTAMINATION

Parameter Unit Scenario SKIN

Exposure time (t,) h/a 1800

Layer thickness (Ldj,) cm 0.01

Dust density (p) g/cm3  1.5

Dilution factor (d) I-]

Concentration factor (jf) [-] 2

Decay time before scenario (tj) d 0

Decay time during scenario (t2) d 0

Dose rate coefficient ( ekm ) (ASv/h)/(Bq/cnO) depending on radionuclide

1110

1111 The parameter values defined are in total quite conservative. Therefore, the estimation of the
1112 skin dose has to be seen as a low probability scenario. The resulting dose therefore could be
1113 converted into an effective dose with the skin weighting factor of 0.01 and the fraction of the
1114 total skin being exposed (choosing this fraction as 0.1 would correspond to an exposure of
1115 about 2000 cm , approximately equivalent to the forearms and hands). The resulting effective
1116 dose could then be compared to the 1 mSv/a dose criterion.

1117 However, this would not yield a compliance with the skin dose limit of 50 mSv/a,
1118 corresponding only to an effective dose of 0.05 mSv/a with an assumption of an uncovered
1119 skin area of 2000 cm2. Therefore, it is necessary to use the BSS dose limit for the skin of
1120 50 mSv/a as the criterion for the assessment of the skin dose. This limit compared to the
1121 equivalenty dose of the exposed skin area (for which size no assumptions are required) is
1122 given by equation 15.

1123 4.4. FLUIDS

1124 Liquids of concern generally carry radionuclides in a water-borne or organic-liquid-borne
1125 form. Radionuclides can be in the form of suspended solids or dissolved in solution from
1126 solids, liquids or gases. Typically, liquids can be considered on the same basis as solids for
1127 the external exposure pathway. However, ingestion and inhalation exposures require
1128 consideration of likely mechanisms of intake, for example, vaporization, drinking, etc. These
1129 mechanisms apply, in turn, to the physical-chemical properties of the specific liquid and the
1130 processes commonly associated with it. Processes that tend to concentrate the small
1131 concentrations are, for example, water processing or incineration and recycle of organic
1132 liquids. These processes can lead to concentration exceeding the activity concentration levels
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1133 in filters, sludges, resins, residues, ashes, and combustion gases. Finally, the volume of liquids
1134 is an unstable quantity, strongly depending on the ambient physical conditions, especially
1135 temperature. In particular, liquids evaporate and concentrate as the temperature rises.
1136 Therefore, it is necessary to adopt exclusion levels that cannot be considered as inappropriate
1137 when the ambient physical conditions are modified. For this reason, the following is
1138 recommended:

1139 * For pure liquids, in the case the radionuclide is part of the molecule of the liquid,
1140 the concentration level level applies to the liquid as such.

1141 * For dissolved radionuclides, i.e., in case of solutions, the activity concentration
1142 level applies to the solid residue after evaporation of the liquid or, at least, to the
1143 best concentrate of the solution.

1144 4.5. GASES

1145 Calculations were not undertaken explicitly for gases. However, scenarios representing
1146 exposure from gas cylinders were taken into account in deriving the exemption concentrations
1147 for Schedule I in the BSS [2]. These calculations took account of exposure from a limited
1148 volume of gas whereas exposure from larger quantities of gas would, in principle, occur
1149 during transport or storage of gas cylinders. These exposures were taken into account in
1150 establishing exempt levels for purposes of the Transport Regulations [16] and it was decided
1151 to adopt the Schedule I values of the BSS [2] into the Transport Regulations [16]. Therefore it
1152 was considered appropriate to use the Schedule I values for the activity concentration levels.

1153 5. DEVELOPMENT OFACTIVITY CONCENTRATION LEVELS FOR
1154 NATURALLY OCCURRING RADIONUCLIDES

1155 The objective in defining material that contains naturally occurring radioactive substances that
1156 should be regulated is to identify that material of significant radiological risk where regulation
1157 can achieve real improvements in protection. At the same time, the number of materials
1158 involved should not be so great as to make regulation essentially unmanageable. The
1159 application of a dose criterion of 10 pSv/a is not practical. In selecting levels for material that
1160 contains naturally occurring radioactive material (NORM), a major issue is that high levels
1161 that would exclude the majority of natural material in the environment would also allow a
1162 number of situations such as release of phosphate slags to be excluded without further
1163 considerations. Conversely, selecting a low value would trigger an unnecessary application of
1164 the BSS [2]. Therefore, the levels should be derived from consideration of the worldwide
1165 distribution of concentrations of naturally occurring radionuclides.

1166 In considering activity concentration levels for naturally occurring radionuclides, the intention
1167 is to exclude from regulation virtually all soils, but not exclude from regulation ores, mineral
1168 sands, industrial residues and wastes which are recognized as having significant activity
1169 considerations.

1170 Tables XI present data from UNSCEAR for concentrations of naturally occurring
1171 radionuclides in normal soil material. The values for 238U and 232Th are for 'head of chain'
1172 assuming that daughters are in equilibrium.
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1173 TABLE XI: NATURAL RADIONUCLIDES IN SOIL [8]
Concentration in soil (Bqlkg)

Population
RegiontCountry in 1996 (10) 'OK 23lu 

22nRa 2
3Th

Mean Range Mean Range Mean Range Mean Range

Africa
Algeria 28.7S 370 66-1.150 30 2-110 50 5-180 25 2-140
Egypt 63.27 320 29-650 37 6-120 17 5-64 18 2-96

North America
CostaRica 3.50 140 6-3S0 46 11-130 46 11-130 1 1 1-42
United Sratcs pM71 269.4 370 100-700 35 4-140 40 S-160 35 4-130

South America
Argentina 35.22 650 540-750

East Asia
Bangladesh 120.1 350 130-610 34 21-43
China [Pl6,Z51 123.2 440 9-1,800 33 2-690 32 2-440 41 1-360
. Hong Kong SAR tW121 6.19 530 80-1,100 84 25-130 59 20-110 95 16-200
India 944.6 400 38-760 29 7-81 29 7-81 64 14-160
Japan [M5 125.4 310 15-990 29 2-59 33 6-98 28 2-88
Kazakhstan 16.82 300 100-1.200 37 12-120 35 12-120 60 10-220
Korea. Rep. of 4531 670 17-1.500
Malaysia 20.58 310 170-430 66 49-86 67 3S-94 82 63-110
Thailand 58.70 230 7-712 114 3-370 4S 11.78 51 7-120

West Asia
Armenia 3.64 360 310-420 46 20-78 51 32-77 30 29-60
Iran (Islamic Rep. of) 69.98 640 250-980 23 8-55 22 5-42
Syrian Arab Republic 14.57 270 87-780 23 10-64 20 13-32 20 10-32

North Europe
Denrnark 5.24 460 240-610 17 9-29 19 8-30
Estonia IA7 510 140-1,120 35 6-310 27 5-59
Lithuania 3.73 600 350-850 16 3-30 25 946
Norway 4.35 850 50 50 45
Sweden 8.S2 780 560-1.150 42 12-170 42 14-94

West Europe
Belgium 10.16 380 70-900 26 5-50 27 5-50

Germany 81.92 40-1.3-0 11-330 5-200 7-134
Ireland 1.161 3.55 350 40-800 37 8-120 60 10-200 26 3-60
Luxembourg 0.41 620 80-1.800 35 6-52 50 7-70
Netherlands [K21 15 5S 120-730 5-53 23 6-63 8-77
Switzerland 722 370 40-1j,00 40 10-150 40 10-900 25 4-70
United Kingdom IB21 58.14 0-3.200 2-330 37 1-180

East Europe
Bulgaria 8.47 400 40-800 40 8-190 45 12-210 30 7-160
Hungary 10.05 370 79-570 29 12-66 33 14-76 28 12-45
Poland [K2) 33.60 410 110-970 26 5-120 26 5-120 21 4-77
Romania [K21 22.66 490 250-1.100 32 840 32 840 3S 11-75
Russian Federation 14S.1 520 100-1,400 19 0-67 27 1-76 30 2-79
Slovakia 5.35 520 20D-1.380 32 15-130 32 12-120 38 12-80

South Europe
Albania 3.40 360 15-1.115 23 6-96 24 4-160
Croatia 4.50 490 140-710 110 83-180 54 21-77 45 12-65
Cyprus 0.76 140 0-670 17 0-120
Greece 10.49 360 12-1.570 25 1-240 25 8-65 21 1-190
Portugal 9.81 840 220-1230 49 26-82 44 2-210 51 22-100
Slovenia 1.92 370 15-1.410 41 6-250 35 2-90
Spain 39.67 470 25-1.650 32 33 2-210

Median 400 140-850 35 16-110 35 17-60 30 11-64

Population-weighted average 420 33 32 45
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1174 Table XII shows typical activity concentrations in various ores and mineral sands that are
1175 used in industrial processes.

1176 TABLE XII: ACTIVITY CONCENTRATIONS IN ORES AND MINERAL SANDS IN
1177 (Bq/Kg)

Ore/mineral sand 238 U ta 232Th 40K

Phosphate ore 30-5000 30-5000 25-2000 3-200

Monazite sand 370 1800 160

Monazite 6000-40000 8000-900000

Bastnaesite 400

Xenotime 3500-500000 180000

Thorianite 2500000-5500000

Tin ores 1000 300

Pyrochlore 10000 80000

Titanium ores 70-9000 70-9000

Ilmenite 2000 1000

Zircon sands 10000 3000-4000 10000

Bauxite 400-600 400-600

Coal soil concentrations typically

Iron ore 15

1178 Residues from industrial processes may have elevated levels of natural radionuclides.
1179 Phosphogypsum, a by-product from phosphate rock processing can have activity
1180 concentrations of 226Ra up to 3 Bq/g. Residues from ore processing industries generally can
1181 have elevated levels of natural radionuclides but if these industries are subject to regulation
1182 because of the activity concentration in the feedstock, this will not be an issue. Examples are
1183 given in Table XIII.

1184 Although not explicitly considered, elevated levels of isotopes of polonium and lead can also
1185 occur in residues from industrial processes. For example, tin rich residues from metal
1186 extraction processes can contain up to 10 Bq/g of 210Pb and 210Po. Filter dusts from metal
1187 processing can also contain elevated concentrations of 210Po due to volatilization during
1188 heating. For example, concentrations of 210po of up to 200 Bq/g have been observed in
1189 collected fumes from tin smelting.
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1190 TABLE XIII: ACTIVITY CONCENTRATIONS
1191 WASTES IN (Bqi/Kg)

IN INDUSTRIAL RESIDUES AND

Material 23SUa 232 Th 40K

Tin slag 1000-4000 230-340

Oil scale (old process) up to 4000

Oil scale (new process, 40-100
scale inhibition
techniques)

Rare earth extraction 3000-450000
byproducts

T1O2  production up to 400,000
residues from ilmenite

Monazite processing up to 450,000
residues

Zircon processing
residues 2000-50,000
sludge 200-7000

Copper slag 500-2000

Aluminium processing 260-540 150-330
sludge

Fly ash 400

Blast furnace slag from 150 150
steel production

1192
1193
1194

Some products from processing of natural radioactive materials may in themselves be
radioactive. Examples are given in Table XIV. The main issues appear to surround thorium-
containing materials.

1195 TABLE XIV: PRODUCTS
1196 (Bq/Kg)

FROM PROCESSING NATURAL MATERIALS IN

2Mu =Ra "'Th 40K

Phosphate fertilisers 300-3000 200-1000 Up to 6000

Thorium
Thoriated welding up to -100,000
electrodes

Special alloys Oet 35,000
engines)

Gas mantles 500,000

Thoriated glass 200,000

Titanium oxide 30,000
pigment

Construction materials 70-170 70-170
containing fly-ash

1197
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1198 Unmodified concentrations of radionuclides in most raw materials are deemed to be excluded
1199 from the Standards by the BSS [I). In this Report, it has been taken to mean virtually all
1200 unmodified soils, but not ores or mineral sands that are recognized as having significant
1201 activity concentrations. Activity concentration levels have been chosen as the optimum
1202 boundary between, on the one hand, the ubiquitous unmodified soil concentrations (Table XI)
1203 and, on the other hand, activity concentrations in ores, mineral sands, industrial residues and
1204 wastes (Tables XII, XIII, and XIV) is judged to be 0.5 Bq/g for naturally occurring
1205 radionuclides. The only exceptions are 40K where the level is 5 Bq/g and 235U where the level
1206 is 0.05 Bq/g based on the natural ratio between the two decay chains of 238U and 235U.

1207 It can be seen that these levels are around a factor of 10 higher than the population-weighted
1208 average activity concentrations in Table XI, and are therefore unlikely to result in an
1209 unwarranted regulatory burden. Scenario-based calculations done by the European Union
1210 demonstrate convergence with these numbers.

1211 For indoor radon in air, the "action levels" established in the BSS [2], namely 1000 Bq/m3 for
1212 work places and within the range of 200-600 Bq/m3 for dwellings, shall apply.

1213 6. ACTIVITY CONCENTRATION LEVELS

1214 Table XV provides the activity concentration levels for artificial and Table XVI provides the
1215 levels for natural radionuclides.

1216
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TABLE XV. ACTIVITY CONCENTRATION LEVELS FOR ARTIFICIAL
RADIONUCLIDES

Radionuclide Concentration
Level (Bq/g) _

H-3 100
Be-7 10
C-14 1
F-18 10 *

Na-22 0.1
Na-24 1 *

Si-31 1000 -
P-32 1000
P-33 1000
S-35 100
CI-36 1
CI-38 10 *

K-42 100
K-43 10 _
Ca45 100
Ca-47 10
Sc-46 0.1
Sc-47 100
Sc-48 I
V-48 1
Cr-51 100
Mn-51 10 *

Mn-52 1
Mn-52m 10 *

Mn-53 100
Mn-54 0.1
Mn-56 10 _
Fe-52 10 _
Fe-55 1000
Fe-59 I
Co-SS 10 *

Co-56 0.1
Co-57 1
Co-58 I
Co-58m 10000 *

Co-60 0.1
Co-60m 1000 _
Co-61 100 *

Co-62m 10 *

Ni-59 100
Ni-63 100
Ni-65 10 *

Cu-64 100 _
Zn-65 0.1
Zn-69 1000 _
Zn-69m 10 *

Ga-72 10 _
Ge-71 10000
As-73 1000
As-74 10 _
As-76 10 _
As-77 1000
Se-75 I _
Br-82 I

Radionuclide Concentration
Level (Bq/g) _

Rb-86 100
Sr-85 1
Sr-85m 100 _
Sr-87m 100 _
Sr-89 1000
Sr-90 I
Sr-91 10
Sr-92 10 _
Y-90 1000
Y-91 100
Y-91m 100 *

Y-92 100 *

Y-93 100 *

Zr-93 10 *

Zr-95 I
Zr-97 10 *

Nb-93m 10
Nb-94 0.1
Nb-95 10
Nb-97 10 *
Nb-98 10 *

Mo-90 10
Mo-93 10
Mo-99 10
Mo-99l 10 *
Mo-101 10 _
Tc-96 1
Tc-96m 1000 _
Tc-97 10
Tc-97m 100
Tc-99 I
Tc-99m 100 *

Ru-97 10
Ru-103 10
Ru-105 10 _
Ru-106 0.1
Rh-103m 10000 _
Rh-105 100
Pd-103 1000
Pd-109 100
Ag-105 10
Ag-11lm 0.1.
Ag-Ill 100
Cd-109 I
Cd-115 10
Cd-115m 100
In-lll 10
In-113m 100 *

In-114m 10
In-li5m 100 *

Sn-113 I
Sn-125 10
Sb-122 10
Sb-124 I
Sb-125 0.1

Radionuclide Concentration
_ Level (Bq/g) _

Te-123m 1
Te-125m 1000 _

Te-127 1000 _

Te-127m 10
Te-129 100 _
Te-129m 100
Te-131 100 =
Te-131m 10
Te-132 I
Te-133 10 _
Te-133m 10 _
Te-134 10 _
1-123 10 _

1-125 1000 _

1-126 10 _

1-129 0.1
1-130 10 *

1-131 10
1-132 10 *

1-133 10 *

1-134 10 *

1-135 10 *

Cs-129 10 _

Cs-131 1000 _

Cs-132 10 _

Cs- 134 0.1
Cs-134m 10 _
Cs-135 100
Cs-136 1 _

Cs-137 0.1
Cs-138 10 *

Ba-131 10
Ba-140 I
La-140 1
Ce-139 1 I
Ce-141 100 _

Ce-143 10 _

Ce-144 10
Pr-142 100 *

Pr-143 1000
Nd-147 100
Nd-149 100 _
Pm-147 1000 _

Pm-149 1000 _

Sm-151 10000 _

Sm-153 100 _

Eu-152 0.1
Eu-152m 100 *

Eu-154 0.1 _

Eu-155 1 _

Gd-153 10
Gd-159 100 _
Tb-160 I
Dy-165 1000 _
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TABLE XV. ACTIVITY CONCENTRATION LEVELS FOR ARTIFICIAL
RADIONUCLIDES

Radionuclide Concentration
Level (Bqig) _

Dy-166 100
Ho-166 100
Er-169 1000
Er-171 100 _
Tm-170 100
Tm-171 1000
Yb-175 100
Lu-177 100
Hf-181 10
Ta-182 0.1
W-181 10
W-185 1000
W-187 101000
Re-186 1000
Re-188 100 _
Os-185 _
Os-191 100
Os-191m 1000 _
Os-193 100
Ir-190 I
Ir-192 I
Ir-194 100 _
Pt-191 10
Pt-193m 1000
Pt-197 1000 _
Pt-197m 100 _
Au-198 10
Au-199 100
Hg-197 100
Hg-197m 100
Hg-203 10
TI-200 10
Tl-201 100
TI-202 10
TI-204 1
Pb-203 1 0
Bi-206 1
Bi-207 0.1
Po-203 10 _
Po-205 10 _
Po-207 10 _
At-211 1000 1 17
Ra-225 10 1218
Ra-227 100
Th-226 1000
Th-229 0.1
Pa-230 10
Pa-233 10
U-230 10
U-231 100
U-232 0.1
U-233 10
U-236 10
U-237 100

Radionuclide Concentration
Level (Bqgg) _

U-239 100 *

U-240 100 *

Np-237 1
Np-239 100
Np-240 10 *

Pu-234 100
Pu-235 100 _
Pu-236 1
Pu-237 100
Pu-238 I _
Pu-239 I _
Pu-240 I _
Pu-241 100 _

Pu-242 1
Pu-243 1000 *

Pu-244 0.1
Am-241 1
Am-242 1000
Am-242m I
Am-243 I
Cm-242 10
Cm-243 I
Cm-244 10
Cm-245 I
Cm-246 I
Cm-247 0.1
Cm-248 I
Bk-249 100
Cf-246 1000 _

Cf-248 10
Cf-249 0.1
Cf-250 I
Cf-251 I
Cf-252 10
Cf-253 100
Cf-254 1
Es-253 100
Es-254 0.1
Es-254m 10
Fm-254 10000 _
Fm-255 100 _
* indicates half life less than I day
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1219 TABLE XVI. ACTIVITY CONCENTRATION LEVELS FOR RADIONUCLIDES OF
1220 NATURAL ORIGIN

Radionuclide Concentration Level (Bq/g)

Radionuclides in the 235U decay series 0.05
4UK5

All other naturally occuring radionuclides 0.5
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