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Abstract

Mechanisms are needed to remove from regulatory control those exposures or
radiation sources that do not warrant concern. In this paper three such conceptual
mechanisms are examined from their historical development to their current usage in the
Interagency Basic Safety Standards. These concepts are exclusion, applied to exposures that
are not amenable to control, exemption applied in advance on the basis of low risks to prevent
practices or sources from entering the regulatory control system, and clearance, a similar
concept but used to remove sources from the regulatory control system. The application of
and interrelationships between these concepts is described.

1. INTRODUCTION

Radiation permeates the solar system and all common materials in it are radioactive to
some extent. Regulatory systems have to be designed so that they focus regulatory effort and
attention where it is needed. Therefore some mechanism is needed to ensure that
administrative or regulatory control of radiation and radioactivity does not attempt to embrace
everything.

For many other hazardous materials this is done by ascertaining a level below which
there either is no hazard (for example a concentration of a flammable material below which
ignition is not possible) or there is presumed to be no hazard (for example threshold limit
values for certain chemicals). In the case of protection against radiation the first regime
applies to protection against deterministic effects but for stochastic effects there is presumed
to be a risk (albeit small) associated with even small exposures to radiation. The mechanism
needed then becomes a purely regulatory or administrative mechanism, not related to any
physical or biological threshold of harm nor to radiation protection itself.

It is not the intention in this paper to review the history of approaches to this
regulatory mechanism or the various terminologies used (de minimis, below regulatory
concern, etc.) but to clarify the current concepts, definitions and usages in IAEA Standards-
related documents as a basis for further discussion at this meeting.
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2. BASIC CONCEPTS AND DEFINITIONS

Given that the intention of the regulatory system is to focus on areas having higher
actual or potential risks, and bearing in mind that regulatory resources are not infinite, this
means that less attention can and should be paid to areas having lower actual or potential
risks, or to areas where nothing can be done about the risks.

In practical terms this is carried out by three related but different concepts which are
described in the following sections as they are used in current IAEA documents.

2.1. Exclusion

If there is no reasonable possibility of the regulator being able to affect the actual or
potential risks from exposure to a source, then that exposure - irrespective of its magnitude -
need not be subjected to any regulatory requirement. This is the basis for the paragraph
in the General Requirements of the Basic Safety Standards (1) which states:

"EXCLUSIONS

1.4. 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 ".

noting that the definition of excluded is "outside the scope of the Standards ".

2.2. Exemption

As everything not excluded is in principle subject to regulation, a further conceptual
mechanism is needed to distinguish between the important and the trivial. This mechanism
known as exemption, takes into account the magnitudes of actual or potential risks from
exposure to a source and differentiates on the basis of a level of risk below which the
regulator decides not to apply regulations. Exemption is used to prevent the source ever
coming into the regulatory net. Exemption cannot be implemented in a practical
administrative system without a numerical definition so that the requirement, the definition
and the basis for the definition form a package. Thus the requirement in the BSS states:

"2.17. Practices and sources within a practice may be exempted from the requirements of the
Standards provided that such sources comply with:

(a) the requirements on exemption specified in Schedule I, or
(b) any exemption levels defined by the Regulatory Authority on the basis of the exemption
criteria specified in Schedule I"

There was felt to be no need for a definition of the term exemption in the glossary of
the Basic Safety Standards.

The general principles for exemption which were stated in Safety Series No. 89 in
1988 (2) are restated essentially unchanged in the BSS (1) as:
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"1-2 The general principles for exemption are that:

(a) the radiation risks to individuals caused by the exempted practice or source be sufficiently
low as to be of no regulatory concern;
(b) the collective radiological impact of the exempted practice or source be sufficiently low as
not to warrant regulatory control under the prevailing circumstances; and
(c) the exempted practices and sources be inherently safe, with no appreciable likelihood of

scenarios that could lead to a failure to meet the criteria in (a) and (b). "

and the numerical values assigned to enable automatic implementation of these principles are:

"1-3 A practice or a source within a practice may be exempted without further consideration
provided that the following criteria are met in all feasible situations:

(a) the effective dose expected to be incurred by any member of the public due to the exempted
practice or source is of the order oflOpSv or less in a year, and
(b) either the collective effective dose committed by one year of performance of the practice is
no more than about 1 man.Sv or an assessment for the optimization of protection shows that
exemption is the optimum option. "

The importance of the qualifiers to the numerical values in 1-3 is often not appreciated.
The individual related criterion in 1-2 (a) implies the selection of a single value for risk and
hence of dose below which exemption is possible and above which it is not possible. The
collective criterion in 1-2 (b) does not necessarily have the same implication of a single value
and the derivation in 1-3 (b) provides for either a numerical value or that optimization of
protection indicates exemption to be the optimum option.

The derivation of the numerical values was given in reference (2) and was based on a
widely held view that the level of annual risk of death which is of no concern to an individual
is 10'6 to 10~7; and on the known variations in natural background radiation in ordinary areas
and from ordinary activities. Both of those led to the conclusion that:

"an individual radiation dose, regardless of its origin, is likely to be regarded as trivial if
it is of the order of some tens ofmicrosievertsperyear".

Because an individual may be exposed to radiation doses from several practices that
may have been judged exempt, the individual dose exemption criterion for a single practice
was proposed to be lOpSv per year. Given the uncertainty and rounding in the derivation of
the figure, and to emphasize that it is an "order of magnitude" figure, the changes in estimates
of risk per unit dose between 1988 and 1996 were not felt to warrant a change in the
numerical value so 10|iSv per year was retained in the BSS.

The derivation of the collective criterion was based on the argument that, given the
individual doses were "trivial" and if the residual collective dose commitment is sufficiently
small, the cost of performing the optimization analysis may in itself outweigh the cost savings
in terms of a further potential reduction in health detriment. Recognizing that the cost of a
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formal optimization procedure would be at least several thousand dollars and taking the IAEA
minimum value of the man-sievert of $ 1000 manSv''(3) led to a "trivial" collective dose from
a practice of a few man-sieverts. For continuing practices this was interpreted as a collective
dose commitment of about 1 manSv per year of practice (2). This value was again adopted
unchanged in the BSS.

2.3. Clearance

Circumstances can arise in which radioactive materials which had been brought under
the regulatory require need to be released from the requirements of that regime. As exemption
is an "a priori" procedure the concept and terminology of clearance was therefore created. The
relevant requirement in the BSS is:

"2.19. Sources, including substances, materials and objects, within notified or authorized
practices may be released from further requirements of the Standards subject to complying
with clearance levels approved by the Regulatory Authority. Such clearance levels shall take
account of the exemption levels specified in Schedule I or defined by the Regulatory Authority
on the basis of the criteria specified in Schedule I, unless otherwise approved by the
Regulatory Authority."

with clearance being defined as

"Removal of radioactive materials or radioactive objects within authorized practices from
any further control by the Regulatory Authority".

No criteria specific to the establishment of clearance levels are set out in the BSS
except that they should "take account" of the exemption criteria. The other practical aspect is
that within any single regulatory regime clearance levels must not be higher than exemption
levels to prevent "looping" i.e. sources being cleared but then, as they would not be exempt,
immediately re-entering the regulatory net. It is to be emphasized that this problem would
apply only to unconditional clearance and exemption levels.

Although the concepts and values derived in reference (2) were for exemption,
derivations of clearance levels have been based on the same values either explicitly as in the
recent interim report for comment (4) or implicitly in the derivation of what would now be
called clearance levels for recycle and reuse of materials (5).

2.4. Discharge

The definition of clearance as applying to "radioactive materials" could be interpreted
in such a broad way as to encompass materials in liquid or gaseous form as well as in solid
form. That this would not appear to be the intention is indicated in a footnote to the definition
in the BSS that states that:

"Radioactive discharges are governed by authorization rather than by clearance ",

even though the definition of radioactive discharges includes the discharge of solids, namely:
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"Radioactive substances arising from a source within a practice which are discharged as
gases, aerosols, liquids or solids to the environment, generally with the purpose of dilution
and dispersion ".

Given these indications it would seen that the concept of clearance should be restricted
to the release from regulatory control of solid materials.

The authorization of discharges is not based on the criteria for exemption or those for
clearance. The requirements applying to discharges in the BSS are:

"III. 9 Registrants and licensees shall ensure that radioactive substances from authorized
practices and sources not be discharged to the environment unless:

(a) the discharge is within the discharge limits authorized by the Regulatory Authority;
(b) the discharges are controlled;
(c) the public exposures committed by the discharges are limited as specified in Schedule II;
and
(d) the control of the discharges is optimized in accordance with the Principal Requirements
of the Standards. "

Regulatory Authorities may additionally impose constraints, being a fraction of the
dose limit for members of the public, which would then form the upper boundary of
authorizations for discharges.

It is worth noting that in the Draft Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management the definition of discharge
has been separated from that of disposal to clarify that discharge applies to liquid and gaseous
materials and disposal to solid materials. This is a change from the definition in the Waste
Safety Fundamentals (6).

"disposal. The emplacement of waste in an approved, specified facility (for example, near
surface or geological repository) without the intention of retrieval. Disposal may also
include the approved direct discharge of effluents (for example, liquid and gaseous wastes)
into the environment with subsequent dispersion."

The new Joint Convention definitions in the final draft to be submitted to the Diplomatic
Conference are:

"discharges means planned and controlled releases into the environment, as a legitimate
practice, within limits authorized by the regulatory body, of liquid or gaseous radioactive
materials that originate from regulated nuclear facilities during normal operation; and

disposal means the emplacement of spent fuel or radioactive waste in an appropriate facility
without the intention of retrieval. "
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3. APPLICATION OF CONCEPTS

As this is the major topic of the meeting, in this section only an outline is provided of
the way in which the concepts should be applied.

3.1. Exclusion

One of the most powerful regulatory tools, but also one of the least developed in a
formalized sense. The practical information on application in the BSS is limited to a footnote
giving some examples:

"Examples are exposure from ^K in the body, from cosmic radiation at the surface of the
earth and from unmodified concentrations ofradionuclides in most raw materials ".

But the real definition tends to be seen negatively as the circumstances omitted from
the list of practices and sources to which BSS shall apply:

"Practices

2.1. 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 power, including any activities in the nuclear fuel 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
(d) any other practice specified by the Regulatory Authority. "

"Sources

2.2. 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 and facilities 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
management facilities; and
(c) any other source specified by the Regulatory Authority. "

In current application therefore the formulation is such that all practices and sources
other than those listed above are deemed to be excluded unless specifically included by the



28

regulatory authority. No guidance exists to help regulatory authorities in making such
selection.

3.2. Exemption

By contrast much has been done to turn the exemption concepts and criteria into
numerical levels for exemption. Most attention is focused on the automatic or unconditional
exemption levels in the BSS. Those apply to:

"1-4
(a) radioactive substances for which either the total activity of a given nuclide present on the
premises at any one time or the activity concentration used in the practice does not exceed the
exemption levels given in Table I-I of Schedule I, and
(b) radiation generators, of a type approved by the Regulatory Authority, and any electronic
tube, such as a cathode ray tube for the display of visual images, provided that:

(i) they do not cause in normal operating conditions an ambient dose equivalent rate
or a directional dose equivalent rate, as appropriate, exceeding I/iSv 'h'^ata
distance ofO. 1 mfrom any accessible surface of the apparatus; or
(ii) the maximum energy of the radiation produced is no greater than 5 keV.

The exemption levels set out in Table I-I of Schedule I in the BSS, which are indicated
in a footnote to be "guidance" exemption levels, were calculated using a conservative model
and a series of limiting (bounding) use and disposal scenarios to give doses less than those in
the exemption criteria. A major qualifier is that the values apply to moderate quantities of
material so that exemption of bulk amounts of materials may require further consideration by
the Regulatory Authority even if the activity concentration is lower than that in the Table. In
addition for natural radionuclides, exemption applies only to their incorporation into
consumer products, their use as a radioactive source or use for their elemental properties.

In the new edition of the Transport Regulations (7) the same exemption levels appear
in Table I-I and the definition of radioactive material is used to provide exemption:

"236. Radioactive material shall mean any material containing radionuclides where both the
activity concentration and the total activity in the consignment exceed the values specified. "

These values are also used to generate an exclusion of a somewhat different type as in
the Scope it is specified that the Regulations do not apply to:

'707 (e) natural material and ores containing naturally occurring radionuclides which are
not intended to be processed for use of these radionuclides provided the activity concentration
of the material does not exceed 10 times the values specified in paras 401-406. "

The second part of the automatic exemption level set out in para 1-4 (b) of the BSS
relating to radiation generators was also presumably based on a model of exposure time,
distance and penetrating power of 5 keV radiation but the origin of the calculation is not
readily traceable.
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An important point not sufficiently appreciated is that the exemption levels in the
BSS, in addition to being only guidance levels, are for automatic exemption. Provision is
available for Regulatory Authorities to grant conditional exemptions under the general
principles for exemption. The conditions would generally relate to the physical or chemical
form and to the use or disposal of the radioactive materials.

3.3. Clearance

No elaboration of the practical use of the clearance concept is to be found in the BSS.
The calculations comparable to those used to derive the automatic exemption level in the BSS
can be found in reference (4) where they were used to derive unconditional clearance levels.
There were some differences in the scenarios and in the treatment of "unlikely" scenarios and
the results are expressed as an order of magnitude range for groups of radionuclides with the
representative single value at the geometric mean of the range (i.e. 3 for a range of 1-10). In
general for specific radionuclides the unconditional clearance levels are a factor of 1-100 less
than the automatic exemption levels.

The concept of conditional clearance is more fully developed than that of conditional
exemption and provides that the materials would not be fully released from regulatory control
(4, 6). The conditions such as the restriction to reuse or recycling or the disposal route would
be specified and subject to checking by the Regulatory Authority.

The possibility for confusion exists between the concepts of conditional clearance for
disposal by a specified route and the simple concept of disposal. Given that radioactive
material "conditionally cleared" for disposal is going to be handled in executing the same way
as any other material destinied for disposal it is doubtful whether this application of
conditional clearance is needed. The concept could therefore be restricted to conditional
clearance for reuse or recycling.

4. CONCLUSIONS

The purpose of this paper is to set out the concepts under discussion at the meeting, as
they are currently found in IAEA publications, with some clarification and interpretation. In
preparing it, however, certain basic aspects have emerged that could well be considered
further. One is the lack of guidance on exclusion. Another is whether there is a need for
separate concepts of exemption and clearance, given that they are both administrative
concepts to remove effectively non-radioactive materials from regulatory control, and given
that the numerical values are - taking into account the uncertainties - quite close. A third is
whether discharges should only be of radioactive materials in gaseous or liquid form (with
suspended solids) with the concepts of disposal or clearance applying only to radioactive
materials in solid or solidified form. A fourth is the problem over exemption of bulk
quantities of materials containing naturally-occurring radionuclides.
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