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Abstract

The publication of new European Basic Safety Standards by the European Commission
and of new International Basic Safety Standards by the IAEA together with other international
agencies, has led to increased interest in the application of the concepts of exemption and
clearance. This paper discusses the derivation of radionuclide-specific exemption and clearance
values for application in various areas of the regulation of radioactive materials.

1. INTRODUCTION

'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's activities', International Commission on Radiological
Protection [1].

The International Basic Safety Standards [2] provide, inter alia, basic requirements for
protection against the risks associated with exposure to ionising radiation. The Standards
recognise that there are some exposures that are essentially unamenable to control and these
should be excluded from the requirements of the Standards. Examples given are exposures
from potassium-40 in the body, from cosmic radiation at ground level and unmodified
concentrations of radionuclides in most raw materials. Exclusion is not considered further in
this paper.

Furthermore, some sources may have a sufficiently low associated risk that the full
rigour of regulation is unwarranted. Two broad situations can be recognised:

(i) radiation sources which do not enter the full regulatory regime - exemption;
(ii) radiation sources which are released from regulatory control - clearance.

The International Basic Safety Standards specify radiological criteria for exemption from
the requirements of the Standards except justification. Thus, if the criteria are satisfied,
regulatory procedures such as notification would not have to be followed.

Exemption is an important concept that, if applied correctly, it allows regulatory
authorities to direct their resources towards areas of manageable potential risk. The concept
has been adopted in several areas of the regulation of radioactive materials and, therefore,
whenever the term is used it should be qualified with a description of the requirements from
which exemption is being granted.

Clearance is a related concept. This is the release of materials from within notified or
authorised practices from further requirements of the Standards. One example would be the
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release of scrap steel from the decommissioning of a nuclear installation to the general scrap
metal pool.

In order to apply the concepts of exemption and clearances in a practical manner,
radionuclide-specific levels are important. Such levels provide the main means for establishing
whether a practice can be exempt or whether a material can be cleared.

This paper describes the technical basis for the derivation of the radionuclide-specific
levels for 4 cases: exemption as provided in the IAEA and European Basic Safety Standards;
exemption from the scope of the IAEA transport regulations [3]; clearance of scrap metal from
the decommissioning of nuclear installations as recommended by an EC Working Party [4];
and clearance levels for solid materials proposed for comment by IAEA [5]. Other studies
exist but are not discussed for reasons of space.

Firstly, the radiological basis underlying exemption and clearance will be described.

2. RADIOLOGICAL BASIS FOR EXEMPTION AND CLEARANCE

General principles for exemption from regulatory control are given in IAEA Safety
Series 89 [6], published in 1988. Broadly they are:

(a) the radiation risks to individuals should be sufficiently low as to be of no regulatory
concern;

(b) radiation protection, including the cost of regulatory control, must be optimised.

The individual risk is addressed by defining a level of dose that can be regarded as
'trivial'. Two approaches were adopted in Safety Series 89. Firstly, a level of risk (and the
corresponding dose) was chosen that could be considered to be of no significance to
individuals. Secondly, the exposure to natural background radiation was used as a reference
level, to the extent that it is both normal and unavoidable.

From such considerations, Safety Series 89 concluded that for the purposes of exemption
from regulations, a level of dose of some tens of uSv in a year could reasonably be regarded
as trivial. Since an individual may be exposed to radiation dose from several exempt practices,
it is necessary to ensure that the total dose from exempt practices does not exceed the trivial
dose level. Accordingly, it was recommended that the critical group dose from any one exempt
practice should be of the order of 10 uSv per year.

In relation to the optimisation of protection, it was recommended that each practice
should be assessed to show that exemption is the optimum solution. However, if a preliminary
analysis shows that the collective dose is less than 1 manSv per year of practice, then a more
detailed study is unnecessary as the detriment is so low.

In assessing doses for comparison with the criteria, it was recommended that all likely
exposure pathways and exposure situations should be covered including normal and accident
situations. Furthermore, judgement may have to be exercised in the case of exposure
situations associated with a low probability of occurrence, in which the chosen radiological
protection criteria may be exceeded.



118

There is one other condition governing exemption: the source should be inherently safe.
Sources where low doses are achieved by use of complex and/or expensive shielding and other
protection measures are not candidates for exemption.

ICRP discusses exemption in Publication 60 acknowledging the need for such an
approach but provides no guidance on appropriate dose criteria.

The radiological protection criteria for exemption developed in Safety Series 89 are
adopted in the International Basic Safety Standards for both exemption and clearance.

3. DERIVATION OF RADIONUCLIDE-SPECIFIC EXEMPTION AND CLEARANCE
LEVELS

An overall scheme for calculating radionuclide-specific exemption or clearance levels
is shown in Fig. 1. The first stage is to define the situations and materials that are candidates
for exemption or clearance and then to develop the corresponding exposure scenarios which
provide a means of establishing appropriate radionuclide-specific levels corresponding to the
exemption dose criteria.

3.1. Radionuclide-specific exemption levels for the Basic Safety Standards

Schedule 1 of the International Basic Safety Standards provides radionuclide-specific
levels that allow sources within practices to be automatically exempted without further
consideration from the requirements of the Standards, including those for notification,
registration or licensing. These levels are taken from the European Basic Safety Standards [7],
which in turn were derived in a project funded by the European Commission (EC) that was
undertaken jointly by NRPB and IPSN [8].

The aim of the project was to develop radionuclide levels below which it would be
unnecessary and inefficient to subject users to full regulatory control provided the use of the
radionuclide was justified and the radionuclide source was inherently safe. Thus, the situations
of interest were small scale usage of radionuclides, and exposure scenarios were developed
that reflected such uses. Since it would be illogical to exempt usage but still require regulatory
involvement at the stage of disposal of any resulting radioactive wastes, scenarios representing
disposal following small scale usage were also included. Finally, in order to ensure that an
adequate level of protection was being achieved under all plausible circumstances, scenarios
covering accidents and misuse were elaborated. All of these scenarios were used to estimate
doses from unit activity and activity concentration. The doses were then compared with dose
criteria to establish radionuclide-specific levels.

In both the European Basic Safety Standards and the International Basic Safety
Standards, the radionuclide-specific exemption levels are conventionally expressed for each
radionuclide in terms of total activities and activity concentrations. These values are applied
in the following way: exemption could be granted if the total activity value is not exceeded
or if the concentration does not exceed the activity concentration value.

Exemption levels were calculated for a total of 299 radionuclides. Actual and potential
uses of these radionuclides were reviewed; and 103 were found to have current or conceivable
uses. Six physical forms were considered in the study to cover the existing range of use:
gas/vapour, liquid/solution, dispersible solid (e.g. powder), non-dispersible solid, thin film/foil,
and sealed source/capsule. The likely physical forms of those radionuclides for which no
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current use was identified were determined by consideration of the physical and chemical
properties of the element in question. The exemption level for each nuclide was that for the
most restrictive waste form.

In the calculations, short-lived radionuclide daughters were included with the parent
where they would be expected to be in equilibrium over the period of use and/or disposal.
Two extra cases were considered: naturally occurring materials where all radionuclides in the
238U and 232Th decay chains would be in equilibrium.

Establishing appropriate exposure scenarios involves considerable judgement and it is
therefore important that the process of calculating exemption levels is transparent: the EC
issued a detailed description of the calculation of the radionuclide-specific exemption levels
[8]. Three basic scenarios were considered: normal use, accidental exposure, and disposal.
Each of these scenarios results in doses from one or more of three exposure pathways:
ingestion, inhalation and external exposure. A total dose for each scenario was calculated by
summing across the pathways. Since it is unlikely that an individual will be significantly
exposed via more than one pathway at any given time, this is clearly a pessimistic assumption.
The scenarios and pathways used are listed in Table I. Although the same three basic
scenarios were used for both the total activity and the activity concentration calculations, the
exposure pathways for the two sets of calculations were not identical. There were two reasons
for this. Firstly, the total activity levels are considered to apply more to discrete sources, and
the activity concentration levels more to dispersible or bulky materials. As such, the relevant
exposure pathways will differ. Secondly, since the activity concentration exemption level can
be satisfied without a limit on the total activity, then larger amounts of an exempt material
could potentially be in use. Thus, to counterbalance this, the calculations were made to be
more conservative.

There is one further point concerning the choice of scenarios and the constituent
exposure pathways: they cover a much wider range of exposure situations than their
description implies. For example, the external exposure pathway in the normal use scenario
could equally cover external exposures during transport or during disposal at a landfill site.

3.1.1. Exempt concentrations

The possibility of external exposure from (3/y emitters in the laboratory or workplace
is taken into account by considering three exposure pathways. The first considers an individual
located 1 metre away from a 1 m3 source for 100 hours per year: this would cover situations
such as a cabinet for radioactive sources in a laboratory. The second represents, amongst other
things, the use of krypton—85 for leak testing. The remaining external exposure pathway
represents exposures to the skin which may occur during the direct handling of radioactive
sources either as solids or as liquids in vials. It is assumed that a source is held for 25 hours
per year and the dose to the area of skin in direct contact is calculated.

Other pathways cover intakes of activity from contaminated dusts. Such intakes could
occur via inhalation or inadvertent ingestion in the workplace during the handling of
dispersible materials or during routine disposal. In the limiting cases considered here, the
activity concentration in the dust is assumed to be the same as that in the source material.

Disposals are covered by scenarios which represent the possibility of exposure of
members of the public following disposal on a landfill site. A generic small landfill site is
assumed with a capacity for domestic waste of 1.5 104 tonnes over an area of 1 10~2 km2. The
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exposure pathways represent external exposure and the internal exposures by inhalation and
inadvertent ingestion. Exposure of landfill workers was not considered explicitly because they
would be lower than the workplace exposures due to dilution with non-radioactive waste.
However, the landfill ingestion pathway assumes that 1 g of undiluted source is ingested
which is a much larger quantity than taken in the workplace scenario (32 mg). A decay period
of 24 hours between disposal and exposure is assumed.

It should be noted that there are no scenarios covering accidents in the workplace in
calculating exempt concentrations; it was considered that the scenarios developed for normal
use and the associated dose criterion, 10 |iSv y"1, ensured an adequate degree of protection
in the case of possible accidents. For example, in estimating doses via inhalation it was
assumed in the normal use scenario that radioactive dust is inhaled at concentration in air of
40 ug m"3 over a working year. If this pathway is the dominant one, in order to get a dose of
1 mSv an individual would have to inhale dust, over a working year, at a concentration of
4 mg nT3 - an intolerably dusty atmosphere.

3.1.2. Exempt quantities

For the normal use scenario, the two exposure pathways considered represent p7y
emitters in the laboratory. The first considers an individual working 1 m away from a small
source for one to two hundred hours per year depending upon the type of source. This would
include situations where tracers are used. The second pathway represents exposure of the
skin, where a worker directly handles a source, as in 3.1.1.

Accidental use or misuse of radionuclides in a laboratory or workplace includes
pathways giving rise to both external and internal exposure, from spilling the material and as
a result of a fire. In these cases 10 minute exposures are assumed.

When liquids or solid powders are spilt, the material is assumed to be deposited over
a work surface and external exposure of a worker is assumed to occur from an area of 7 m2.
Exposure of the skin of the hands and face may also occur as a result of a spillage. In these
situations it is assumed 10% of the spilt material is transferred to the hands and 1% is
transferred to the face; the material is in direct contact with the skin before it is washed off.
Intakes of radionuclides via ingestion may occur from spilt material and it is assumed the
individual ingests 1 mg from a 100 g source. When the source is spilt, a cloud or vapour may
form and doses could arise from inhalation and external exposure from the cloud. The
individual is assumed to inhale dust or vapour at a dust loading of 5 mg/m3 from a 100 g
source.

For a fire which occurs in a laboratory or workplace, it is assumed that dispersal of the
source occurs within a room size of 32 m3. For liquids, 100% dispersion is assumed but for
other sources it is only 1%. External exposure is taken to occur from ash deposited over a
100 cm2 of skin and from the smoke or cloud. Inhalation of the ash also occurs.

Exposures from disposals are covered by the disposal scenario in which external,
ingestion and inhalation exposure pathways occur. The concept of the scenario is similar to
that in section 3.1, but the individual pathways are generally different. External exposure of
skin from p/y emitters which are handled or placed in the pocket for 8 hours is taken into
account. The inhalation pathway is also important and considers a resident close to a landfill
site, inhaling dust from a 1 g source diluted within 100 kg of soil. It is assumed that this
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person is exposed to a dust concentration of 200 ug/m3 for 5000 hours per year. For ingestion,
an intake of 0.1% of the source is assumed.

3.1.3. Calculation of radionuclide-specific levels

Doses calculated for unit activity and unit activity concentration were compared with the
appropriate dose criterion to establish the corresponding radionuclide-specific levels. For the
normal use and disposal scenarios, an individual effective dose criterion of 10 (aSv y"1 was
adopted, supplemented by a skin dose criterion of 50 mSv y"1. This was used to exclude the
possibility of harmful effects from localised exposure of the skin from, for example, handling
a source. For the accident and misuse scenarios, the probability weighted effective dose was
compared with the effective dose criterion. Furthermore, in these cases, the dose limits for
members of the public (1 mSv y"1 effective dose and 50 mSv y"1 skin dose) were taken as
upper bounds on the doses. The value chosen as the exempt level was that for the most
restrictive physical form and the most restrictive scenario. In order to avoid giving the
impression of undue precision, the exemption values presented in both Basic Safety Standards
are rounded up or down as follows: if the calculated value lies between 3 10" and 3 10x+I, the
rounded exemption level is 10x+1. The activity concentration values ranged from 1 to 106 Bq/g
and total activity values from 103 to 1012 Bq. Values for selected radionuclides are given in
Table II. In cases where more than one radionuclide is involved, a simple ratios approach is
recommended in order to establish whether the practice can be exempt.

There is one other issue which has arisen in connection with application of the
exemption values: the quantity of material involved. As shown above, the radionuclide-specific
concentration levels for exemption were calculated on the basis of small to moderate amounts
of materials. This is mainly an issue in the external exposure scenario that assumes a source
size of 0.1 m3 (see section 3.1.1). This scenario is the important one for y-emitting
radionuclides including, for example, cobalt-60. Clearly, if a larger source was assumed, doses
higher than 10 uSv y"1 would be estimated. However, it is very difficult to envisage
circumstances where doses could be higher than 1 mSv y~' from material containing
radionuclides at the exempt concentration level.

Thus, the radionuclide-specific levels are such that the maximum individual effective
dose to individuals using activity or to individuals subsequently exposed from disposal
following use will be 10 uSv y"1 or less under plausible normal circumstances, and effective
doses from accidents, misuse, or unexpected situations should not be higher than the dose
limit for members of the public. The radionuclide levels should also ensure that skin doses do
not exceed 50 mSv y1 .

Nevertheless, the International Basic Safety Standards do note that exemption of bulk
amounts of materials with activity concentrations lower than the exemption levels may require
further consideration by the Regulatory Authority.

The radiological protection criteria for exemption include consideration of collective
dose (see section 2). Collective doses were not explicitly considered in the calculation of
radionuclide-specific exemption levels but preliminary earlier work indicated that collective
doses arising from exempt radionuclide levels calculated on the basis of an individual dose
criterion of 10 uSv y~' would be considerably less than one manSv per year of practice.
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3.2. Exemption and transport

The IAEA regulations covering the transport of radioactive materials include provision
for exemption from the regulations if the activity concentration of the transported material is
below specified levels [3]. In the 1985 edition of the regulations, material with an activity
concentration below 70 kBq/kg is outside the scope of the regulations.

The transport regulations have been revised in the light of the International Basic Safety
Standards and during this process, the applicability of the radionuclide-specific exemption
values was considered. However, the omission of explicit transport-related scenarios was an
issue and, under contract to EC, IPSN, CEPN and NRPB developed specific transport
scenarios and calculated the corresponding exemption levels [9]. The dose criteria used in the
calculation of the exemption levels in the Basic Safety Standards were adopted.

3.2.1. Transport scenarios

The following four basic transport scenarios were developed:

- A postman or courier delivering a package containing radioactive material.
- A driver transporting bulk radioactive material in a motor vehicle.
- An individual loading bulk radioactive material into a van.
- A member of the public travelling in an aircraft that is transporting radioactive materials

in its hold.

Each of these scenarios has a number of sub-scenarios that may each represent exposures
via a number of pathways. For example, for calculating activity concentrations, the "loader"
scenario has four separate sub-scenarios each summing doses from two or more exposure
pathways.

An important scenario for calculating activity concentrations for y-emitters is a driver
scenario which assumes a bulk quantity of about 20 m3, an exposure time of 400 hours at a
source distance of 1.5 m and shielding by 0.5 cm of steel. This scenario generally leads to
higher doses per unit concentration than from the corresponding scenario for the Basic Safety
Standards' calculations (see section 3.1.1).

Calculations for both activity concentrations and total activities were undertaken for
twenty radionuclides representing a range of properties.

3.2.2. Derivation of exemption levels for transport

The highest calculated dose from any of the sub-scenarios was used to derive the
radionuclide level corresponding to an effective dose of 10 uSv y""1, or a skin dose of
50 mSv y"1. Calculations were also undertaken with the 'transport Q-system' methodology [10]
for assessing the impact accidental exposures during transport. The system was adapted to the
dose criteria applied to the transport scenarios but none of the derived values was more
restrictive than those obtained from the transport scenarios.

The radionuclide-specific levels derived from the transport scenarios were compared with
the unrounded exemption levels calculated for the Basic Safety Standards (see section 3.1).
The transport scenario derived values for activity concentration are generally lower than the
Basic Safety Standard values, but the two values were mostly within an order of magnitude,
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the exception being krypton-85 where the transport scenario value is two orders of magnitude
higher. For total activities, the differences between the two sets of numbers were less
pronounced.

It was concluded that the rounded exemption values provided in the Basic Safety
Standards could be adopted in the 1996 Edition of the International Transport Regulations as
values below which the transport regulations would not apply.

3.3. Clearance

Clearance is a relatively new term in the radiological protection vocabulary. In the
International Basic Safety Standards it is defined as 'the removal of radioactive materials or
radioactive objects within authorised practices from further control by the regulatory authority'.
The European Basic Safety Standards also refer to the term, stating in Article 5 that 'materials
may be released from the requirements of this Directive provided they comply with clearance
levels established by national competent authorities'. The European Basic Safety Standards
further adds that the derivation of such clearance levels should follow the basic criteria for
establishing exemption levels. The term 'clearance' is not used, so far, by the ICRP.

Clearance is not the only means for releasing/disposing materials from practices; there
is the process of authorising releases or disposals to the environment. How then does clearance
relate to the authorisation of releases or disposals? The answer lies in the radiological criteria
used in the derivation of clearance levels. Radionuclide-specific clearance levels derived on
the basis of criteria for exemption (see section 2) would, by analogy with the concept of
exemption, allow the release of material without further consideration by regulatory
authorities. Authorised release, on the other hand, requires a specific assessment of the
associated radiological implications, comparison with the appropriate constraint and approval
by the regulatory authority.

Radionuclide-specific clearance levels can either be conditional, in which case the levels
refer to, for example, particular materials or release routes, or unconditional, which apply
regardless of the material or release route. A number of studies have been undertaken on the
derivation of radionuclide-specific clearance levels. Two of these, an EC study developing
clearance levels for recycling of scrap metal from nuclear installations and an IAEA study on
the development of unconditional clearance levels, are briefly described below.

3.3.1. Clearance levels for the recycling of metals from nuclear installations

The need to develop criteria which allowed economically valuable material to be
recycled following the decommissioning of nuclear installations while at the same time
ensuring an adequate level of radiological protection, was recognised in the European Union.
In 1984, the Group of Experts set up under the terms of Article 31 of the Euratom Treaty
convened a working party to look into the issue. The working party issued a report in 1988
on recycling of scrap steel [11] and has now completed work which updates its report on scrap
steel and extends it to include aluminium and copper [4]. The new report is due to be
published in 1997 or 1998 and aspects are described below.

The clearance levels for scrap metal are specified in terms of activity concentration and
surface concentration.
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The overall scheme for the estimation of clearance levels for scrap metal is as shown
in Fig. 1. Namely, sets of exposure scenarios were constructed on the basis of knowledge of
the processes involved. Different sets of scenarios were used to represent processing of the
three different metals and, in the case of steel, different parameter values were taken, as
appropriate, to represent stainless steel and carbon steel. The behaviour of radionuclide
contaminants was taken into account. For example, most caesium-137 will volatilize during
metal smelting processes.

A general illustration of the exposure scenarios is given in Fig. 2. Scenarios representing
the handling and processing of the scrap are considered as are ones covering the use of any
products and the use or disposal of by-products such as slags, etc. One important point is that
dilution of the radioactive scrap with scrap from other sources is assumed in the calculations.
For example, in the calculations for the release of steel, a dilution factor of one in ten is
assumed in the scrap metal yard with a further dilution of one in ten at the stage of smelting.
However, in the case of scenarios describing the use of products made from the resultant
metal, a higher fraction of contaminated scrap metal is assumed (up to one fifth) to reflect the
fact that products may be made from one particular batch of smelted scrap.

Calculations were undertaken for thirty important radionuclides. For each radionuclide
the clearance level was calculated from the scenario that gave the highest dose and the lowest
value from each metal was taken. The clearance levels were rounded in the same manner to
the exemption levels (see section 3.1.3). Both concentration and surface values were
calculated.

These clearance levels are intended to apply to scrap metal that is processed into metal
for new uses. The values apply to scrap at the exit point from the nuclear facility. Some scrap
objects may be potentially useful in themselves; the clearance levels are not intended for
application in such circumstances and scrap objects should be cut up or rendered useless in
some other way to prevent direct reuse.

The draft EC report on recycling also contains radionuclide-specific surface
contamination values for application where objects may be reused directly. These were derived
assuming that the total (fixed plus non-fixed) surface activity is limited. The following
exposure situations were considered and the resultant doses compared with the dose criteria,
secondary ingestion of surface activity via transfer from the hands, skin dose from handling
cleared items, external irradiation from cleared items and inhalation from activity resuspended
during refurbishment and normal use.

Collective doses from recycling metal were estimated. The calculations assumed one
year of clearance and recycling and integrated doses over 100 years assuming that the products
are recycled again after reaching the end of their useful life. The calculations suggested that
the collective doses from recycling would be less than 1 manSv per year of recycling in the
European Union.

The radionuclide-specific clearance levels were rounded in the same manner as the
exemption levels (see section 3.1.3) and range from 1 Bq g"1 for cobalt-60 and most actinides
to 104 Bq g~' for iron-55, nickeI-59, nickel-63 and samarium-151. Surface contamination
levels for metal scrap range from 105 Bq cm"2 for tritium to 0.1 Bq cm""2 for most a-emitting
actinides. The concentration and surface values are intended to be applied simultaneously. The
highest level for direct reuse is 104 Bq cm""2 (tritium) and levels for a-emitting actinides are
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again 0.1 Bq cm'2. In cases where more than one radionuclide is involved, a simple ratio
approach is recommended in order to establish whether the material can be cleared.

3.3.3. IAEA clearance levels

IAEA has recently published an interim report for comment on clearance levels for
radionuclides in solid materials [5]. The report presents radionuclide-specific clearance levels
that could apply to solid materials irrespective of the use to which the materials are put or of
their destination after control has been relinquished, e.g. the only condition is that they are
solid materials.

The dose criteria for exemption described in section 2 were adopted in the study.
However, in other respects, it is different from the studies described previously. Clearance
levels were derived on the basis of an analysis of previously published studies covering the
release for recycling, reuse or disposal of various low activity materials. The types of
situations considered included: landfill disposal - with associated exposures during transport
to the disposal site, disposal and post disposal; incineration - with exposures to the operators,
from the emissions and from the ash; recycling of steel - with the range of exposures
described in section 3.3.1; and reuse of tools, equipment and buildings - with a range of
appropriate exposure situations.

The analysis allowed the grouping of radionuclides into various activity concentration
ranges that broadly corresponded to an annual implied dose of 10 piSv y"1. The ranges in
Bq g"1 were, 0.1 to < 1, £ 1 to < 10, etc. Representative single concentrations of 0.3 Bq g"1,
3 Bq g"1 up to 3000 Bq g"1 were proposed for radionuclides in the appropriate ranges. Thus,
most a-emitting actinides are assigned clearance levels of 0.3 Bq g"1 and tritium has a
clearance level of 3000 Bq g"1.

Clearance levels are given for around fifty-six radionuclides. For radionuclides where
values are not given, the following formula is proposed for the calculation of the
corresponding clearance level:

Minimum
Ey + O.lEp ' 1000 ' 100000j

where Eyis the effective y energy in MeV and Ep is the effective fj energy in MeV, as given
in ICRP Publication 38; ALIinh is the most restrictive value of the annual limit on intake by
inhalation in Bq; and ALIing is the most restrictive value of the annual limit on intake by
ingestion in Bq as given in ICRP Publication 61. The clearance level, presumably, corresponds
to the lowest numerical value of the three terms.

The numerical terms in the formula were obtained by adjusting their values so as to
obtain a fit to the lower end of the ranges of values for important radionuclides derived from
the analysis described above.

In the absence of specific guidance, the IAEA report recommends that clearance levels
for surface contamination (Bq cm"2) may be taken to be numerically the same as the activity
concentration values (Bq g"1). As in the draft EC metal recycling report, the surface and
concentration limits are intended to be applied simultaneously. Where more than one
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radionuclide is involved, a simple ratio approach is suggested to establish whether the material
can be cleared (see also section 3.3.1).

4. DISCUSSION AND CONCLUSIONS

Exemption and clearance are potentially important concepts whose application should
avoid unwarranted regulatory involvement and inefficient use of regulatory resources.
Radionuclide-specific exemption and clearance levels have been calculated in a number of
studies; some of the more significant ones are described in this paper. Different circumstances
for exemption or clearance were being considered in the studies and this is reflected in
differences in the calculated values. Unrounded radionuclide-specific concentration values are
presented in Table III for a selection of radionuclides. For each radionuclide, the calculated
numbers are generally similar but the exemption values tend to be the highest and this, in part,
reflects the assumption in their derivation that the candidates for exemption are small scale
users of radionuclides. Generally, it can be seen that the numbers decrease as the mass being
considered increases.

Exemption and clearance are related concepts and may interact from a regulatory
viewpoint in that material cleared for release from regulatory control should not then re-enter
the regulatory system. This could be achieved by keeping track of cleared material, but this
would retain some elements of regulatory control, or by ensuring that any clearance levels
were below the corresponding exemption levels. The latter procedure was followed in the EC
report specifying clearance levels for recycling metals from nuclear installations since there
were a few nuclides for which the calculated recycling level was higher than the exemption
level. Also, from considering the need for such regulatory consistency, the International Basic
Safety Standards states explicitly that radionuclide-specific clearance levels should not be
higher than the corresponding exemption levels.

The studies reported in this paper all calculate exemption or clearance levels in a
deterministic manner and there is a considerable degree of expert judgement involved in
selecting the appropriate exposure scenarios together with their associated parameters and their
values. Debate can continue over some of the choices, but it is important that the parameter
values are appropriate to the situation being studied to avoid unnecessary conservatism. The
IAEA approach of considering a number of studies may go part of the way to addressing this
issue. However, judgement is still needed when selecting a value from a range of values from
different studies. This also applies to the results from stochastic studies where there may be
additional problems in establishing ranges for parameter values.

The most important point is to specify the situations being addressed and ensure that the
calculations are transparent.

One further issue is whether different sets of radionuclide-specific exemption and
clearance values are useful or whether one set of values should be developed for both
exemption and unconditional clearance. Although when considering a range of possible values
(see, e.g. Table III) it is tempting to choose the lowest value, this may not always be optimum
from a radiological point of view. For example, if an overly conservative value is chosen,
organisations using or disposing of small quantities of radionuclides would be subject to
unnecessary regulatory provisions. Furthermore, the dangers of choosing overtly conservative
values as clearance levels have been pointed out in a recent report by an OECD Task Group
on recycling and reuse of scrap metals [12]. That report concludes that risks associated with
scrap metal decontamination and processing are generally well understood and clearance levels
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for metals that are "suitably protective of human health" can be much less restrictive than
unconditional clearance levels.

The OECD report also describes the benefits of recycling and reuse, particularly when
compared with the non-radiological risks and detriments associated with the production of new
steel from ore. However, if such non-radiological benefits are to be taken into account
explicitly in the development of clearance levels, it should be accepted that the resultant levels
could imply doses in excess of those currently specified for exemption and clearance.

Overall, in applying the concepts of exemption and clearance it is important to define
what is being exempt or cleared and what exactly it is being exempt or cleared from.
Regarding the dose criteria, radionuclide-specific levels derived on the basis of an effective
dose of 10 uSv y"1 could be regarded as signalling situations where regulatory involvement
is not needed. However, it should be borne in mind that they do not necessarily provide a
definition of a radioactive material.

The issue of the degree of assurance that 10 ^Sv y"1 will not be exceeded is also
important, and bears upon the degree of conservatism taken in choosing parameter values, etc.
mentioned earlier. Clearly, a high degree of assurance would require conservative parameter
values and lead to lower radionuclide-specific values than may otherwise be the case. An
alternative view is to adopt parameter values that ensure the 10 uSv y~' dose criterion is met
in plausible situations and that the dose limit for members of the public is complied with in
all other situations. Such an approach acknowledges that the concepts of exemption and
clearance are part of a broader system for protecting the public. Such an approach was
followed in developing the radionuclide-specific levels for exemption in the Basic Safety
Standards (see section 3.1).

Finally, the concept of clearance has been developed largely from the viewpoint of solid
materials. Using the analogy of authorised releases, is there a case for clearance levels for
liquid and gaseous discharges? And, if so, how should they be derived?
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TABLE I. LIST OF EXPOSURE SCENARIOS AND PATHWAYS CONSIDERED IN
CALCULATIONS OF DOSES FOR EXEMPTION IN THE BASIC SAFETY STANDARDS

A ACTIVITY CONCENTRATION

Al Normal use (workplace) scenario:
External exposure from a 1 m3 source
External exposure from a gas bottle
External exposure from handling a source
Ingestion from contaminated hands
Inhalation of dusts

A2 Accidental (workplace) scenario:
This is covered by Normal use (workplace) scenario

A3 Disposal (public) scenario:
External exposure from a landfill sites
Inhalation of dust from a landfill site
Ingestion of an object from a landfill site

JJ ACTIVITIES/QUANTITIES

Bl Normal use (workplace) scenario:
External exposure from a point source
External exposure from handling a source

B2 Accidental (workplace) scenario:
Spillage: External exposure from contaminated surface
Spillage: External exposure from contaminated hands
Spillage: External exposure contaminated face
Spillage: Ingestion from hands
Spillage: Inhalation of resuspended activity
Spillage: External dose from aerosol or dust cloud
Fire: Contamination of skin
Fire: External from combustion products
Fire: Inhalation of dust or volatiles

B3 Disposal (public) scenario:
External exposure from a landfill site
Inhalation from a landfill site
External exposure to skin from handling an object from a landfill site
Ingestion of an object from a landfill site



TABLE II. EXAMPLE EXEMPTION ACTIVITIES AND ACTIVITY CONCENTRATIONS
(ROUNDED)

Nuclide

3H
14C
^Co
85Kr
99mT c

13 Ij
232Th
239pu

Bqg"1

106

104

10
105

102

102

1
1

Activity concentration

Critical pathway*

Ing Ace (P)
Ing Ace (P)
Ext (W)
Ext G (W)
Ext (W)
Ext (W)
Inh (W)
Inh (W)

Bq

107

107

105

104

107

106

103

104

Activity

Critical pathway*

Ing Ace (P)
Ing Ace (P)
Skin (W)
Skin (W)
Ext (W)
Ing Ace (P)
Ing Ace (P)
Ing Ace (P)

• K e y

Activity concentration:
Ext (W), External in Workplace from 1 m3 source; Ext G (W), External in Workplace from Gas Bottle;
Inh (W), Inhalation in Workplace.

Activity:
Skin (W), Skin dose in Workplace; Ing Ace (P), Public ingestion on landfill; Inh Ace (P), Public inhalation
on landfill; Ext (W), External in Workplace.

TABLE m. EXEMPTION AND CLEARANCE LEVELS FOR SELECTED RADIONUCLIDES
UNROUNDED (Bqg"')

3H

I4C

60Co

^Sr

I37Cs

239Pu

Exemption8

5.6 105

1.8 104

6.6

1.6 102

2.9 10'

2.2

Transport/exemption1"

-

3.3 104

3 10"'

3.1 10'

1.7

4 10"'

Metal clearance0

1.4 103

7.6 10"

5.8 10"'

1.4 10'

5.7 10"'

2.5 10"'

Unconditional
clearance*1

3 103

3 102

3 10-'

3

3 10"'

3 10-'

see section 3.1
see section 3.2
see section 3.3.1
see section 3.3.2
not reported



131

FIG. I. General scheme for establishing radionudide-specific exemption or clearance levels
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FIG. 2. General scheme of scenarios for calculating clearance levels for scrap metal
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