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1. INTRODUCTION

The policies adopted in different countries for the regulation of materials containing very
low levels of radioactivity are not always coherent and consistent. These sources of radiation
inherently cannot deliver doses that would lead to undue risks to workers and to members of
the public. However, different regulatory approaches can cause confusion amongst those
responsible for the management of the materials and can lead to criticism and concern from
people unfamiliar with the circumstances who may fear that they are being exposed to risks
from unregulated "radioactive materials".

A current issue in many countries is to what extent naturally occurring radioactive
materials should be regulated. It has come to greater prominence in recent years with the
development of firm international guidance on the exemption of materials from regulations.
Concerns have been expressed over the implications of the guidance on exemption for factories
utilizing materials containing naturally occurring radionuclides as part of their process material
and the possible need for regulation in situations where it was not required in the past. Similar
concerns have been voiced in relation to mining wastes containing naturally occurring
radionuclides - a potential problem in many developing countries.

The concepts of "exclusion" and "exemption" were introduced in the International Basic
Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation
Sources (IAEA Safety Series 115). Exclusion applies to low levels of radiation from naturally
occurring sources that are essentially uncontrollable, such as cosmic rays and low levels of
radionuclides in the Earth's crust. Exemption is used to leave out of regulatory control
practices which present only a trivial risk. These concepts should be defined more precisely,
however, and practical guidance for applying them needs to be formulated. Both exclusion and
exemption are tools for optimizing regulatory control by ensuring that materials containing very
low levels of radioactivity are not brought unnecessarily under regulation.

The concept of "clearance", on the other hand, applies to materials that arise within a
regulated practice but which could be released from regulatory control on the grounds that, like
exempt materials, they represent only a trivial risk. The IAEA has provided guidance by
proposing clearance levels in IAEA-TECDOC-855. The concept is accepted in most countries,
but where it is not accepted problems can arise - for example, when cleared materials such as
metals which have been used in the nuclear industry are moving between countries. In many
countries, the need for internationally agreed clearance policies is becoming more and more
urgent as the era of decommissioning approaches. The "clearance" concept is also relevant to
gaseous and liquid effluent releases, forming the basis of the "delay and decay" approach for
managing short-lived radioactive wastes.

In summary, the international principles developed to help in the regulation and
deregulation of low-activity materials require elaboration, and there is a need for guidance
regarding their practical application, the aim being to promote international coherence and
consistency and enhance public confidence in the regulatory process. The Agency considered
it appropriate to organize a meeting of specialists at which the subjects could be discussed and
strategies developed for resolving outstanding problems.



The Objectives of the meeting were:

to provide a forum in which concerns and issues concerned with the regulatory
management of materials containing very low levels of radioactivity can be discussed.

to develop strategies for resolving the issues through international action.

to develop advice for Agency work in drafting guidance material for Safety Standards.

The IAEA officers responsible for organising the meeting were G. Linsley and C. Mason
of the Division of Radiation and Waste Safety.
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3. RAPPORTEURS REPORTS

Session 1 - Setting the scene

Three speakers in this session provided the necessary background for the discussions
which were to follow. First, the origins of the concepts of exemption and exclusion in ICRP
recommendations were described. Second, the expression of these in the regulatory style of
the international Basic Safety Standards (BSS) was outlined, together with the additional
concept of clearance and an explanation of the BSS exemption levels. Finally, several issues
arising from the regulatory recommendations were identified as requiring further elaboration
and guidance.

Key Points:

1. Terminology

Exclusion applies to exposures, namely those which are unamenable to control.
Exemption applies to practices, namely those which give rise to trivial doses or those for
which regulation would bring no benefit.
Clearance is concerned with removal of materials from regulatory control (cf: exemption,
which is concerned with leaving practices outside regulatory control).
Discharge refers to a controlled release (gases and liquids only?) to the environment.

2. Exemption criteria

There are three levels of guidance in the BSS:
(i) general principles (low risk, etc),

(ii) dose criteria for exemption without further consideration, and
(iii) exemption levels (activity or activity concentration) derived from (ii) by

modelling likely exposure scenarios.

It was noted that there has been a tendency to invert this hierarchy and treat the exemption
levels as absolute; this should be countered in subsequent guidance documents.

3. Naturally occurring radionuclides

For deciding how to develop guidance on dealing with exposures from naturally occurring
radionuclides it was proposed that as many real and realistic examples of exposure
circumstances as possible should be evaluated. From this, some pointers may emerge
which will allow sensible and coherent advice to develop.

4. Relationship between exemption levels and clearance levels

Noting that there had been differences in the way BSS exemption levels and TECDOC-855
clearance levels had been derived, the question was raised as to whether the two sets of
numbers could be brought together. Account would need to be taken in the modelling for
exemption levels of exposures arising from bulk quantities of materials, particularly
naturally occurring radionuclides and radon.



5. Management of very low level wastes

There are two options for dealing with very low level radioactive waste: release it from
regulatory control or retain controls by recycling it or disposing of it in a regulated facility.
Further detailed guidance is required on the various possibilities available under these
options.

6. Transboundary movements of radioactive materials

There is a clear need for international consensus on acceptable clearance levels for free
movement of materials containing low levels of radioactive substances between countries.

Ches Mason

Session 2 - The Regulators' Perspective

The speakers in this session described features of the regulatory system in USA, South
Africa and UK, of the EU Directive on Radiation Protection and of the IAEA Transport
Regulations.

A number of relevant issues were raised by the speakers and by participants. They can
be summarized as follows:

1. Two of the speakers noted the need for guidance on the release of buildings and
contaminated land from regulatory control, for example, as part of a decommissioning
operation. To date this has not been dealt with in IAEA documents. Care will have to be
taken with the interface between clearance concepts and the concepts being developed
separately for the clean-up or restoration of contaminated areas - to avoid inconsistencies.

2. It was pointed out that draft international clearance levels would not be adequate to cover
the clearance of many types of mining residues. Because they do not include the
contribution of radon, they underestimate doses significantly.

3. In describing their national regulatory systems the speakers revealed the significant
differences in terminology being used in this subject area in different countries. It
illustrated the need for there to be consistent and well thought out terms in international
documents so that discussions can be conducted on a common basis.

4. It was suggested that, in providing guidance on the deregulation of materials, more
emphasis should be placed on defining a system of control which would include appropriate
administrative and technical checks leading to final release - rather than simply providing
recommended clearance levels.

5. The potentially sensitive nature of the subject of release from regulatory control was
discussed. Care has to be taken to avoid giving the wrong messages to members of the
public. A well thought out explanation of the concepts should be developed for
presentations to the public.

Gordon Linsley



Session 3 Implementor's perspective: What are the problems in complying with
regulations related to low activity materials?

Speakers from the UK, South Africa and the Netherlands addressed the challenges and
needs associated with the application and withdrawal of regulatory control within the context
of the management of waste materials having trivial or significant radioactive components.
The speakers presented their views on the basis of experience in the nuclear fuel cycle, the
mining and milling industry, processing industries using materials containing natural
radionuclides, and the transport of nuclear materials.

The main issues raised by the speakers and the meeting participants in discussion are
as follows:

1. Attention was drawn to the costs which would be involved in changing clearance level
values. For example, revising the current exemption level used in the United Kingdom
(UK) 0.4 Bq/g to the values in the International Basic Safety Standards for Protection
against Ionizing Radiation and for the Safety of Radiation Sources (BSS) could result in
savings in disposal costs amounting to hundreds of millions of dollars. Cost issues should
be taken into account by regulators when promulgating such guidances.

2. Arguments were made for a single set of values for exemption/clearance. Few people,
except experts, understand the difference between exemption and clearance. Having two
sets of values would only confuse the public. It was also noted that the
exemption/clearance for values for different radionuclides are always within a factor of 100
of each other; usually much closer and sometimes the same. The BSS values, with one
notable exception, have been adopted for transport also. This raises the question of
whether they could be used for clearance, possibly with suitable modification where
necessary, ie. to allow for bulk amounts of material.

3. The BSS exemption levels and currently proposed clearance levels were said to be too
conservative. This is the result of (1) too great an emphasis on the single value of lOuSv/y
individual dose criteria, rather than applying the Safety Series No. 89 terminology "of the
order of 10/j.Sv/y" and (2) the overly conservative modelling assumptions used in deriving
the exemption and clearance levels. (These assertions were disputed in the subsequent
discussion). The question of whether values other than 10|xSv/y should be used for
scenarios involving workers was also raised.

4. The two speakers representing the mining and milling industry drew attention to the special
problems which exist in applying the exemption/clearance concepts in situations where
there is already a measurable, and sometimes elevated, dose rate from the naturally
occurring radionuclides in the earth. An additional lOuSv/y is almost impossible to
distinguish against this background contribution to the dose. It was suggested that in these
circumstances the exemption level should be related to the local natural background dose
(e.g., in the form of a percentage of the background contribution to the dose).

5. One speaker commented that the setting of generic clearance or authorized release levels
for gaseous and liquid releases is not useful. The variability of conditions from site to site
means that values must be set on a site specific basis (although it is noted that reference
values have been established in several countries).



6. It was again apparent from the presentations and the subsequent discussions that there
remains confusion over the concepts exclusion, exemption and clearance and over the
existing terminology. The significant variation in national exemption levels was also
pointed out.

7. For application to mining and processing, it was proposed that the exclusion concept should
be utilized to a greater extent than it has been to date. Suitable clearance values for
application to uranium mining and processing operations need to be developed, including
guidance on surface contamination levels.

8. Attention was drawn to the large potential impact of the BSS on non-nuclear industries
because of the new numerical values for exemption of natural radionuclides. Large
volumes of waste may no longer be exempted from regulatory control. Pragmatic solutions
have to be found for the waste streams from the coal, steel, gas, gold, copper, oil,
phosphate and zircon industries.

Giorgio Gnugnoli

Session 4 National Regulatory Strategies - approaches to VLLW management

The two speakers in this session described the approaches to the management of very
low level waste (VLLW) being developed in Germany and France respectively.

At first sight, the two approaches appear to be very different.

• Germany's strategy is based on the principle of clearing appropriate material from nuclear
regulatory control, this cleared waste being no longer regarded as radioactive. All
radioactive waste is then consigned to deep geologic disposal.

• France's strategy is built around defining physical zones as being either non-nuclear or
nuclear. Waste from the non-nuclear zones is treated as non-radioactive waste, whereas
waste from the nuclear zones is managed according to a number of specific pathways,
dependent upon activity levels, longevity of the radioactivity and other toxicity factors.
There is no provision for universal clearance.

Having stated these essential differences it is the similarities arising from the principles
guiding these approaches that is more striking.

• Both speakers dealt exclusively with nuclear fuel cycle activities and, expressly, did not
consider the issues of naturally occurring radioactive material (NORM).

• Both approaches are based on national strategies for traceability, and application of
authorized practices using a Quality System for the full spectrum of toxic wastes including
those outside the nuclear arena.

• Both approaches are based on the concept of defining certain wastes to be non-radioactive,
using very low activity levels to make the judgement.
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Discussion focused strongly on the specific levels to be used to effectively define
whether waste is non-radioactive. The lower values of the German clearance levels, compared
with those for exemption, were justified on the basis of the scenarios used for the large
volumes of material arising from decommissioning. Although the French approach relies
heavily on design and historical data, rather than measurement, it was acknowledged that
reference activity levels may be a necessary component of QA procedures. Such levels have
not been defined.

Comments by the rapporteur

Interestingly both the Germany and French approaches appear to have been influenced
by the "public" educating the regulators as to what is acceptable, a healthy reversal of the
frequently expressed view of the "need to educate the public".

A major unresolved problem is how to reconcile these two approaches with the issues
raised by NORM. In the case of NORM we are often dealing with bulk materials which
represent a far from "trivial" level of radiological risk. Clearly, exemption as defined in the
nuclear regulatory framework, is inappropriate. Various approaches to "exclusion" of some
types of NORM were described earlier in the week. Such "exclusion" was discussed in terms
of balancing practicality, cost and risk (not simply amenability to control). Steady progress
towards reconciliation of the different approaches used for NORM and nuclear materials
appears essential, if a coherent set of policies for managing radioactive wastes is to gain
international acceptance.

Ron Hutchings

Session 5 - Technical Basis for Recommended Exemption and Clearance Levels

Session 5 dealt with the technical basis, including radiological protection and health
aspects, for the derivation of the exemption levels in the Basic Safety Standards (IAEA, EU),
the unconditional clearance levels by the IAEA and the conditional clearance levels for
recycling of metals by the European Commission.

The highlights and main conclusions of the presentations and discussions are listed
below:

1. The terms "exclusion", "exemption" and "clearance" should be used in a correct way, in
order to avoid confusion. It is recommended that IAEA Safety Series No. 89 be revised
to incorporate the concepts of clearance and exclusion, as well as the concept of potential
exposure.

2. A comparison of the exemption levels and the clearance levels shows that for each
radionuclide, the clearance level is never higher than the exemption level. This reflects the
fact that exemption levels are derived essentially for small scale use, while clearance also
applies to larger quantities of material.

3. The deterministic calculations to derive exemption and clearance levels rely heavily on
expert judgment to determine the values of parameters used in the modelling of the relevant
scenarios. It has been shown that the derivation of such levels may be approached in a
stochastic manner to take due account of the uncertainties with respect to the modelling
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(parameter values) and the vagueness with respect to the reference dose (of the order of
lOuSv per year, some tens of microsieverts per year). Further work on how to deal with
uncertainties may be envisaged.

4. It must be noted that the exemption levels in the BSS and the clearance levels in IAEA-
TECDOC 855 are rounded values and are to be interpreted as orders of magnitude.

5. It was emphasized that deliberate dilution of radioactive material to reach the
exemption/clearance levels is not allowed.

6. It is not clear how the concept of exemption is to be applied to large(r) quantities of
material.

7. Non radiological aspects, such as the chemical toxicity, must be taken into account when
deciding on the management option for very low level waste.

Luc Baekelandt

Session 6 - Current practices for the management and control of very low level
materials

The speakers in this session addressed situations involving exposures from naturally
occurring radioactive materials (NORM) metal recycle and reuse, transboundary shipments,
or decommissioning of a facility. The speakers described needs related to these situations
where international guidance and recommendations applying exclusion, exemption or clearance
need to be developed or elaborated. The highlights of the session are as follows:

1. Guidance is needed to assist authorities and industries with the identification of potentially
significant exposures from NORM.

2. Guidance is needed for the operation of radiation monitors used to detect shipments
containing unwanted radioactivity. Such shipments may be either within a regulatory
boundary or a transboundary shipment.

3. Uniform recommendations are needed for the acceptance of shipments with small amounts
or small concentrations of radioactive materials. Bulk of shipments need to be taken into
consideration.

4. High levels of NORM can lead to exceptional exposure situations for workers and public.
Limits for these exposures should be evaluated in the context of exclusion, exemption and
clearance.

5. Practical experience from implementing clearance in the field should be considered in the
elaboration or development of additional guidance or recommendations.

Robert A. Meek
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4. CHAIRMEN'S REPORTS

/. Cooper:

Terminology in this area requires some clarification - one speaker noted that we used 27
terms in discussing exemption, clearance and exclusion and this is bound to result in
confusion.

Clearance

Throughout the meeting a recurring issue was concerned with the differences in the way
the clearance concept was being applied and how it should be applied. If international
consensus is required on this topic then more work is clearly required. Two broad areas of
difference emerged during this meeting:

What materials and/or situations does the term clearance refer to?

Should it apply to solids only, recycling only or also to buildings and land or should
the term be restricted to the release of materials from an on-going practice only? If
the concept is to be applied to the release of mining residues there is the question of
how radon should be considered.

What dose criteria should be used and how should such dose criteria be used?

Divergent views were expressed, some experts felt that the lOuSv per year criterion
was too restrictive but the opposite view was also expressed that no one individual
should receive a dose higher than lOuSvper year. This raises the issue of the degree
of assurance of compliance that is required with any chosen dose criteria.
[this comment also applies to the calculation of radionuclide-specific exemption
levels].

Also, if radionuclide-specific levels are to be calculated, agreement on exposure
scenarios and associated parameter values are needed.

How does the clearance concept fit within the overall system of radioactive waste
management?

Exclusion:

The general concept seems to be well understood but how to apply it is unclear. The BSS
gives the example of unmodified concentrations of natural radionuclides in most raw materials
as a situation that could be excluded - but what industries does this apply to? There was a
suggestion from this meeting that work is required to provide guidance on how to select
industries and situations that would be candidates for exclusion.

Derived Levels:

Turning to radionuclide specific exemption and radionuclide-specific clearance levels.

The exemption levels have been developed and radionuclide-specific clearance levels are
being developed. As far as we can see at the moment for some radionuclides such values are
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different, for other radioimclides are not so different. This may lead to confusion amongst
experts and certainly will do so amongst members of the public. So the question arises as to
whether there should be one set of radionuclide-specific exemption and unconditional
clearance levels. There was some support for this idea but there were counter views mainly
on account of the the fact that the concepts of exemption and clearance are different should
be kept clearly separate. Nevertheless, I hope I am not misrepresenting the view of this
meeting if I suggest that the Agency keeps the issue of developing a common set of numbers
periodically under review.

All of these issues are not necessarily unrelated to each other and no one should be picked
off and viewed entirely in isolation.

Finally, I think that it has been a good meeting. The papers were all of a high standard
and the discussion has been vigorous.

P. Metcalf:

The exclusion principle is intended to enable differentiation of radiation sources which are
not amenable to control. The examples quoted are very limited, K-40 in the body and cosmic
radiation at the surface of the earth. Broader consideration should be given to the application
of this principle, particularly for excluding other natural sources of radiation. Guidance is
needed in this regard to ensure consistency in any broader application of this principle.

The exemption principle is based on triviality of risk and there appears to be general
consensus that an effective dose of 10|ASv/y represents a trivial risk. In addition, there is
agreement that collective effective doses below 1 man Sv/y warrant no further optimisation
considerations. Justified practices giving rise to higher individual doses may be acceptable
and not require regulatory control, however, they may warrant some consideration by
regulatory authorities before being exempted from such control. Guidance would appear to
be necessary on the legal, procedural and technical processes for exemption above trivial
levels of risks, but where the risk is still acceptable without regulatory controls being imposed
on the practice. It would appear that particular consideration should be given to bulk
materials, and particularly those containing elevated levels of naturally occurring radionuclides.
The concept of conditional exemption is a concept that requires further development and
should perhaps be considered together with practices which may be candidates for notification
or registration.

Further guidance and development of the concept of clearance and its application is
necessary. The concept should be developed to also cover conditional clearance in a manner
analogous to authorised discharge. A process should be investigated to solicit formal
comment from Member States on TECDOC-855 in order to facilitate the process of
developing standards documents in this area. Bulk materials must be given particular
consideration in respect of clearance, with materials containing natural radionuclides of
particular relevance. The conceptual difference between exemption and clearance needs to be
highlighted even though there is clear utility in having one set of nuclide specific reference
values. The trans-boundary movement of materials should be considered further and there
must be compatibility between mechanisms controlling such shipments and the clearing of
materials from regulated practices. In the Transport Regulations, the factor of ten applied to
materials containing natural radionuclides where the material is not intended for processing
would appear to introduce inconsistency and potential difficulties. The process of removing
land and buildings from within the regulatory system should be compatible with the principles
and mechanisms developed for clearance of materials from regulated activities.
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There would appear to be a need for agreement on the treatment of uncertainties in the
establishment of derived levels and on the mechanisms for demonstrating compliance. The
more holistic aspects of handling materials presenting hazards additional to those associated
with warrant consideration. However, these aspects would appear presently to be beyond the
mandate of the Agency. In this regard, Agency standards could highlight the need for broader
consideration and perhaps provide some guidance in considering such situations.

Quality assurance in the various processes associated with exemption and clearance of
materials warrants more consideration. Further guidance in this area would be desirable as
there are several real practical issues to be addressed. It would appear, however, that various
organisations have developed appropriate and adequate techniques of managing materials and
this experience should be drawn upon in developing guidance in this area.

Terminology presently used in association with the concepts of exemption, exclusion and
clearance clearly varies. Moves toward the use of common terminology would be most
desirable.
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5. OVERALL SUMMARY

The meeting addressed the question of when to regulate and when not to regulate. It
covered a wide range of situations from the exemption of small sources from regulatory
control to the release of large volumes of low level waste; it included consideration of the
problem of regulation in relation to exposures from naturally occurring sources and of the
transboundary movement of materials.

Both regulators and operators were well represented and there was a good exchange of
views between them on regulations and their implications. While one of the purposes of
holding the meeting was to allow the exchange of information on the subject between experts
from Member States, the main purpose was for the Agency to receive guidance on priorities
for developing safety documents in this area.

Main points from the meeting:

1. The issue of terminology pervaded the meeting. Firstly it is clear that the terminology
being used in Member States is almost always different from that of the Agency in this
area. This is mainly due to historic reasons; regulations have not yet caught up with the
BSS but probably it will persist because of national familiarity with the old terms.
Secondly, the Agency's own terminology was shown not to be entirely clear and
consistent. One example is: clearance - does it apply to all physical forms or just to
solids? The term clearance in the BSS seems to be associated with triviality but there is
a need for a term to describe the release of solids in greater than trivial
amounts/concentrations (ie. analogous to authorised discharge). The term 'conditional
clearance' might be appropriate but it would need to be properly defined. There did not
seem to be any enthusiasm for going back to 'exemption' as a single term for both
exemption and clearance situations. Another issue which will become more important as
time goes on is the interface between the 'clearance' of buildings and land in
decommissioning operations and of mining residues and the 'clean-up' of contaminated
land. Here there is both a possible confusion over terminology and, in addition, a
possible conflict of concepts.

2. An important issue at the meeting was the regulatory treatment of exposures from
naturally occurring materials. There is considerable confusion in this area, for example,
in relation to mining residues and non-nuclear process industries using naturally occurring
materials. More guidance is needed on when and how the concepts of exclusion,
exemption - and intervention - apply.

3. There was considerable discussion over exemption and clearance levels, about whether
the criteria are too restrictive and whether the levels are too conservatively derived. An
important misconception seems to have grown up, which the Agency should attempt to
counter, that it is only possible to release from control at the equivalent of trivial levels.
People seem to forget that there is a system of authorised release of which trivial release
is just one part. Future IAEA documents should emphasise this.

An important point was raised concerning the difficulty of explaining concepts like
exemption and clearance to the public in a credible way. The problem is made more
difficult when two sets of numbers exist both based on the triviality concept, ie. the BSS
exemption levels and the TECDOC-855 unconditional clearance levels. A proposal to
collapse them into one set found a lot of support. The idea is to base them on the BSS
values; it can be argued that for bulk quantities doses will still be within the dose limit
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in the extreme case or, if this argument does not succeed, modifying factors could be
given for application to the BSS values for some nuclides when bulk quantities are being
dealt with. Another use of such a set of values could be in the context of the Waste
Safety Convention where, at some future time, an international definition of radioactive
material is likely to be needed.

4. A good agreement emerged on how the Agency should handle the issue of very low level
radioactive waste management in its RADWASS documents. Emphasis should be placed
on a system for the management of these wastes in which there would be concern for
traceability, control, monitoring and impact assessment rather than, as at present, simply
having a Safety Guide which prescribes unconditional clearance levels. Clearance from
regulatory control should be seen as only one part of the system.

5. The problems being faced with transboundary movements of very low level materials, in
particular, metal scrap were described. Detection systems at borders are not an answer in
themselves and indeed often cause undue concerns because of false alarms. Agreements
have to be reached between the countries involved and between the consignor and
consignee. These may involve some agreed prior checking and QA arrangements,
certification, as well as border monitoring. It was suggested that the Agency should be
involved in assisting in reaching a solution to the problem.
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6. PRESENTATIONS BY PARTICIPANTS
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VALENTIN, Jack
International Commission on Radiological Protection
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SE-171 16 Stockholm, Sweden

Abstract

Exclusion from the regulatory system of sources of radiation unamenable to control, exemption from the
regulatory system of sources the radiological impact of which is negligible, and clearance of sources which can on
similar grounds be released from the regulatory system, are all very important concepts in radiological practice.
However, ICRP has hitherto regarded these concepts as primarily to do with regulatory practice. As a
consequence, the 'philosophical' advice of ICRP on these issues is really fairly limited. After explicitly mentioning
exemption in Publication 13 (1970), and mentioning in passing a 'negligible' activity concentration for tritium in
Publication 25 (1977), ICRP provided its first genuine guidance in Publication 46 (1985) on disposal of solid
radioactive waste. There, individual doses below 0.01 mSv and collective doses below 1 man Sv were regarded as
clearly suitable for exemption. For collective dose, the main argument was that the cost of assessing such small
collective doses would outweigh any reduction in health detriment costs. The current 1990 recommendations of
ICRP, Publication 60, point out that it is difficult to define a 'trivial' dose, largely because exemption is source-
related but triviality of a dose is individual-related. In Publication 60, ICRP also discusses the popular notion that
widespread but very small doses can be excluded from the calculation of collective dose. Such procedures tend to
ignore large collective doses in connection with radioactive waste. Exemption criteria based on such procedures
are often, but by no means always, similar to those obtained when small doses are taken into account. ICRP does
not recommend such exclusion of small but widespread doses.

1. INTRODUCTION

AH materials are radioactive, in the sense that they contain some amount of
radionuclides. In natural materials, activity concentrations are usually low and can normally
be disregarded from a radiological protection point of view. In some cases, even if we wanted
to reduce exposures, it would be difficult or impossible to do so (e.g. 40K in the body cannot
be removed). Some practices involving radiation are also of such a nature that notification,
licensing and other regulatory instruments appear to be superfluous. Finally, even within
practices involving considerable sources and/or exposures, there will be waste and other
materials leaving the practice, sometimes in considerable quantities, of such a low activity or
activity concentration that is appears relevant to release it from regulatory control. Without a
regulatory mechanism of this sort, waste disposal becomes very costly and may also withdraw
valuable raw materials from further use (Fig. 1, below).

/THIS \/ALUA6L6:
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Today, we all use the terminology according to which sources which are unamenable to
control are excluded, sources and practices with 'trivial' individual and collective risk and
potential hazard are exempted, and sources which are found to be 'trivial' enough that they
could be released from further regulatory requirements are subject to clearance.

It is not a pure coincidence that these terms are primarily defined by IAEA [1] rather
than by ICRP. Primarily, ICRP concerns itself with questions of basic radiological protection
philosophy. Although obviously of the highest practical importance, the predominant thinking
within ICRP has hitherto been that these issues are mostly to do with regulatory practice rather
than basic philosophy. In line with that conception, the guidance of ICRP as regards exclusion
and exemption is relatively limited. ICRP provides no specific guidance on clearance. This is
not meant as any criticism of that concept; on the contrary, ICRP understands that there are
practical advantages to a distinction between exemption and clearance in regulatory work.

2. EARLY DEVELOPMENTS

ICRP made its first formal reference to exemption in Publication 13, 1970 [2]. This
Publication deals with radiological protection of pupils at school, and has a chapter on
unsealed radioactive materials. According to Section 34, Unless the unsealed radioactive
materials are in such a form or of such low aggregate activity that they are exempted
[emphasis added here] by local regulations, a suitable lockable store should be provided.
(The text then goes on to describe properties of a good storage room).

It is interesting that the Commission obviously expected that regulations concerning
exemption would exist. While advice on procedures and methods was fairly detailed and, one
hopes, genuinely helpful, the local body issuing regulations was also entrusted with some
further decisions. For instance, in Section 36, The governing body should appoint a custodian
of unsealed radioactive materials ...he should be responsible for the disposal of radioactive
waste in accordance with local regulations. And in Section 37, The total activity of unsealed
radioactive material in stock should be no greater than that specified by local regulations.

3. EXEMPTION IMPLIED IN EARLY WASTE RECOMMENDATIONS

Questions about exemption and clearance are of course intimately connected to
questions about waste. In 1977, ICRP issued Publication 25 [3] with recommendations on
handling, storage, use and disposal of unsealed radionuclides in hospitals etc. Again, local
regulators are invoked - and Section 207 places a burden on the regulator which in hindsight
seems awesome: The authority having adminstrative control of an establishment shall be
responsible for arrangements for the safe disposal of any radioactive waste that may arise.

According to Section 208, either most of the radioactive material in the waste is stored
until it has decayed to levels which permit it to be dealt with by disposal (and which are these
levels, one might wonder). Or, the activities are disposed of into the environment in such a
way that natural processes transfer it back to man only in such amounts that, in combination
with other sources of radiation, the resulting radiation doses are consistent with the
recommendations of the Commission. Although the wording is a little ambiguous, in that a
casual reader might overlook the need for optimisation rather than just complying with dose
limits, this text stresses an important point: it is the sum of doses from all such sources to an
individual that must be compared to any relevant dose limits.

Later in the same Publication, we also find the first cautious steps towards a
quantification, in Section 218: Although solvents from scintillation counting may contain NC
and H, they do not form any radiation protection problem. Usually the concentration of
activity does not exceed 2/jCi [74 kBq] kg' . Even if the tritium concentration amounted to I
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md [37 MBq] kg'1 the radiation hazards would be negligible. Of course, the current IAEA
BSS [1] lists an exempt activity concentration of 1 000 MBq kg"1, i.e. about 27 times more
than 1 mCi kg"1.

4. THE 1977 RECOMMENDATIONS OF ICRP, AND MORE

Publication 26 [4] did not add much technical detail to the issue discussed here. Section
221 only states that Except for trivial [emphasis added here] amounts of activity, all releases
of radioactive substances to the environment (including the disposal of solid wastes) should
be subject to authorisations issued by the competent national authority.

However, a concept which was to become important in later deliberations was aired
here, in Section 222: To make models [of individual and collective doses due to releases of
radioactive material into the environment] detailed and realistic requires extremely complex
studies involving a considerable effort, and it is reasonable in practice to adjust the
magnitude of this effort to the importance of the particular problem.

Likewise, in Section 224, When it appears that the exposures will be significant,
[emphasis added here] /"/ will usually be necessary to assess them with greater accuracy and
to carry out more detailed studies directed principally at reducing the uncertainties indicated
by the preliminary study.

Here, Publication 26 also referred to ongoing work with what was to become Publication
29, 1979 [5] on assessment of doses from releases of radionuclides into the environment.
However, although providing very detailed guidance on methods of analysis and computation,
that Publication still gave no quantitative guidance for exemption or other regulatory decisions.
For example, Section 15 establishes that In the great majority of majority of situations in
which radioactive material is to be deliberately released to the environment, ... preliminary
assessments will show that the predicted doses resulting from the proposed releases are
extremely small [emphasis added here] compared with the dose limits recommended by ICRP.

It may be added as a note in passing that Publication 42 [6], an otherwise very
comprehensive compilation of concepts and quantities in use by ICRP, mentions neither
exclusion nor exemption (the term clearance had not even been invented at the time).

5. IMPLIED EXEMPTION IN GUIDANCE TO THE MEDICAL PROFESSION

Publications 52 [7] and 57 [8] on protection of the patient in nuclear medicine, and
protection of the worker in medicine and dentistry, respectively, imply the existence of
exemption rules, very much along the lines already discussed above. In spite of being
relatively recent, these publications do not provide any quantitative guidance.

6. SOLID WASTE RECOMMENDATIONS 1985. THE FIRST IN-DEPTH TREATMENT

Publication 46 [9] on disposal of solid radioactive waste breaks with the earlier trend
and succinctly sets out dose criteria for exemption. On the grounds that members of the
public are unlikely to take account of personal annual death probabilities below 10"6, it claims
that an annual dose in the order of 0.1 mSv would likely be regarded as negligible. But since
several different sources might expose the same individual, the annual individual dose
exemption criterion should be 0.01 mSv (based on the, not uncontestable, notion that no one
is likely to be exposed from all sources to more than ten times the contribution from the
exempted source giving the highest individual dose).
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Furthermore, as stated in Section 85, The cost of the steps needed to evaluate the
collective dose in detail, or to consider the implementation of additional radiation protection
measures, could, in itself, outweigh any potential reduction in health detriment costs at a
collective dose of the order of I manSv. This statement is clearly in line with the thinking
behind Publication 26 as discussed above.

The quantitative guidance is very much in line with the guidance given by IAEA [1], and
in fact a number of persons were simultaneously involved in discussions within both organi-
sations during the 1980s. Therefore, a fair amount of cross-fertilisation must have taken place.

7. THE CURRENT RECOMMENDATIONS OF ICRP

Publication 60 [10], the 1990 recommendations of ICRP, reiterate the points made in
Publication 46, but also adds several further aspects. For instance, it implies (Section 287)
that potential exposure from accidents must be taken into account in exemption procedures.
This is of course eloquently elaborated in the IAEA BSS [1].

Furthermore, it makes it clear that it is very difficult to reach agreement as to what is a
'trivial' dose, it points to the considerable difficulty in defining a source (a single smoke
detector? smoke detectors in general?), and it stresses that exemption is source-related, but
triviality of dose is a judgment that rests with the individual.

Finally, Publication 60 warns against disregarding collective dose when individual doses
are very small. Even if the end result of an analysis is often similar, whether very small doses
are taken into account or not, this is not always the case. Particularly in the case of waste,
large collective doses, often in other countries, could be overlooked by such procedures.
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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



25

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
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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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Abstract

The U.S. Nuclear Regulatory Commission is considering the use of exclusion and clearance
in connection with the nuclear fuel cycle regulations. Clearance of licensed lands, buildings,
structures, materials, and equipment could expose members of the public to radiation in addition
to background. Establishing and implementing dose criteria for allowed concentrations of
radioactivity in the various media raise challenging issues for the regulator. Clearance also raises
significant regulatory issues, and these issues reflect trade-offs between concerns for protecting
public health and safety, as well as other socio-economic values and concerns. At the heart of
the issues are the adequacy of risk analyses, acceptability of risks, underlying rationales,
feasibility and cost of implementation, and exposures of the public to man-made radiation in
relation to natural sources of radiation.

1. INTRODUCTION

This paper presents an update on exclusion, exemption, and clearance as applied to the
nuclear fuel cycle. Some of the significant and undecided issues are identified from the viewpoint
of regulation by the U.S. Nuclear Regulatory Commission (NRC). This paper is organized to
briefly state the status of exclusion, exemption, and clearance and to identify clearance issues as
applied to cleanup and recycling or reuse.

2. EXCLUSION

In the proposed regulation on "Radiological Criteria for Decommissioning" [1], the NRC
applied exclusion to fallout. The NRC recognized that the very low level, very high volume of
contamination from global fallout as it exists in the environment from the testing of nuclear
explosive devices or from past nuclear accidents such as the one at Chernobyl is not under the
control of those licensed to use radioactivity. Thus, there is no way to regulate this
contamination. Further, exposure to these sources in the U.S. results in very low doses.
Therefore, the NRC redefined background to include these sources of contamination for the
purpose of clearance of lands and structures. Since regulatory requirements for clearance of lands
and structures apply to levels of contamination above background levels, the contribution from
fallout would be defined as part of background and thus excluded from the clearance limits. After
considering the public comments on the proposed rule, the staff kept the redefinition of
background to include fallout in the rulemaking that is now under consideration by the NRC.

3. EXEMPTION

NRC's regulations for the nuclear fuel cycle do not have exemptions from licensing for the
radioactive material that results directly in exposures of the public. However, in other parts of
the regulations, some radionuclides are allowed in manufactured products and as quantities and
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concentrations that are exempt. Generally, these exemptions are based on a benefit provided and
on low doses associated with exposure to the products as manufactured or to exposure to small
quantities and concentrations of radioactive material.

4. CLEARANCE

4.1. Overview

This discussion on clearance issues is divided into three parts—the first is on items or
materials and equipment that are transportable, i.e., recycling of materials or reusing equipment;
the second is on geographically fixed lands and structures, e.g., decommissioned sites and
buildings; and the third is on the relationship between the first two~i.e., the interface between
decommissioning and recycling or reusing.

4.2. Clearance of transportable materials and equipment

The staff is developing the risk assessment by pathway analysis for the recycling of iron
or steel, copper, aluminum, and concrete. For each of these materials and for each of over B5
radionuclides, more than 40 scenarios are being assessed. The scenarios cover human exposures
from transportation and handling, manufacturing processes, disposition of byproducts of
manufacturing, consumer use, and disposal. Further, the scenarios include reuse of equipment
from hand tools to large objects such as a truck, a pump, or a large machine. A formal
uncertainty analysis will be perfomied on the most limiting scenarios, and a sensitivity analysis
will be performed to identify the factors that have the greatest influence on dose. Upon
completion of the risk assessment, the staff will proceed with a cost/benefit analysis, a regulatory
issues public forum, and, after the "clean-up criteria" regulation is final, developing a proposed
regulation on recycling and reuse.

The number of probable scenarios for recycle or reuse is large, and many of the issues are
familiar to regulators. Regulatory issues on risk assessment and optimization include:
• Are the appropriate materials being modeled? Do other materials have enough volume as

waste or value as a material to merit analysis?
• What is the scope of the scenarios that must be analyzed for a generic regulation?
• How should regulators account for changes in the industry caused by the regulation itself?
• Which are the important radionuclides?
• What is an appropriate dose or risk basis for the regulation?
• Which sources of materials and equipment for recycle as a practice should be analyzed?

• only from NRC licensees?
• from all commercial, defense, and federal facilities nationally?
• from both national and international sources?

A confounding factor for implementing a recycling regulation is that many metal handlers
and melters in the U.S. have no tolerance for radioactive contamination on scrap metal and will
not accept it. Licensed radioactive gauges and scrap metal contaminated with naturally occurring
radioactive materials (NORM) have occasionally found their way into general commerce for
metal recycle. Accidental meltings of Cs-137 or Co-60 sources have resulted in very expensive
clean-up. Consequently, scrap metal dealers and melters have installed radiation monitors to
prevent accidentally melting a strong radioactive source. These detectors cannot distinguish
between a strong source shielded by a railroad car full of metal and an entire load of scrap metal
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with very low concentrations of radioactivity. Many scrap dealers find it is more economical to
refuse contaminated metals. If this is the case, should regulators anticipate a new specialty
industry designed to handle materials cleared by new regulations?

The public's perception of risk and fear of radiation may limit the acceptability of products
recycled from contaminated metals. Indeed, what is the market for radioactively contaminated
materials or equipment? Should regulations limit the kinds of products that can be made from
contaminated materials? If so, how would such regulations affect international trade? Should
there be international agreement on the kinds of products that could be manufactured with
radioactively contaminated materials? Alternatively, should there be a greater effort to gain
public acceptance of very small risks from radiation in exchange for socio-economic benefits?

The regulatory trend clearly is to base regulations on dose or risk. The International Atomic
Energy Agency report, Principles for the Exemption of Radiation Sources and Practices from
Regulatory Control, Safety Series No. 89, drew 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 of
microsieverts per year [2]." Preliminary results indicate that a dose basis of 10 uSv/a for a
clearance regulation would result in differences from present guidance, and possibly from
transportation standards. On a dose basis, the limits for some radionuclides could be raised
significantly from those in NRC Regulatory Guide 1.86, Termination of Operating Licenses for
Nuclear Reactors [3]. Since more restrictive levels for many nuclides can be met today, what
is an appropriate level of effort to apply the principle of optimization to contamination levels that
could result in 10 uSv/a?

4.3. Clearance of lands and buildings

The NRC is considering a final regulation for clearance of lands and structures. The draft
of the regulation is based on the proposed regulation published in 1994 [1], however, there are
significant differences, and some find the differences controversial. Some of the significant
issues are categorized below by their application to lands, natural resources, buildings, and large
volumes of long-lived, low-level radioactive waste.

4.3.1. Clearance of lands

Should the value of the clearance dose allowed to the average member of the critical group
be based on a fixed fraction of 1 mSv/a or on a risk comparable to that from other environmental
hazards? Or both? For all practices combined, 1 mSv/a is taken as an upper limit of acceptable
risks. Thus, the regulator must estimate the appropriate total number of sources of exposure to
members of the public and the doses associated with the sources. In addition, concern for
inequity of exposures to the public enters the judgment process of the regulators. How should
radiation, as a potential environmental carcinogen, be compared with other environmental
carcinogens? As another issue, assuming that the concentrations of nuclides that correspond to
the dose allowed by regulation have been established, what measurements would establish that
the regulatory requirement has been achieved? For lands and buildings, the NRC, the U.S.
Environmental Protection Agency, the U.S. Department of Energy, and the U.S. Department of
Defense have published draft guidance for such a measurement procedure, entitled Multi-Agency
Radiation Survey and Site Investigation Manual, (MARSSIM) [4]. Public comments on the draft
MARSSIM may be submitted before July 1997.
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When lands cannot undergo clearance, there are only a few logical alternatives:

• clearance of part of the land
• use that restricts critical exposure pathways
• continued regulatory control
• confiscation and isolation by governmental ownership.

Regulatory issues in these cases of restricted use or continued control are similar to those of
clearance, but the licensee must also provide substantial assurance that the restrictions on
exposure pathways will endure for the time established by the regulator. Alternatively, the
licensee may have to release the property to the government for long term control.

4.3.2. Clearance of water and other natural resources

In addition to protection of human health, there is some thought that water or minerals or
other natural resources need protection from radioactive contamination. For example, there are
radiosensitive products or processes such as photography and silicone chip manufacturing that
depend on feedstock and processing materials with very low levels of radioactive contamination.
If regulators adopt objectives other than for protection of human health from radiation, these

objectives must be clearly defined so that the basis for the protection can be clearly stated and
compared to the protection of human health. Such other objectives should consider NORM as
a component of radiation in the environment. The principles of justification and optimization
may be applied to the protection of natural resources as well as to human health. As always
socio-economic factors should be taken fully into account.

4.3.3. Clearance of buildings and structures

The clearance of buildings is complicated by the difficulties of implementing generic
modeling with the wide variety of room or building configurations and the presence of indoor
radon. Dose assessment models make assumptions about the size and configuration of the
building or room. Further, it is not always clear what is to be considered as part of the building
or as removable equipment. For example, cabinets, light fixtures, plumbing, and ventilation ducts
may or may not need to be removed before a building is cleared. When implementing clean-up
criteria, knowledge of the risk assessment model combined with common sense should prevail
on a case-by-case basis. The MARSSIM provides guidance in this area [4]. Another
complicating factor can be indoor radon—especially in facilities where NORM or radium are part
of the operations. It is very difficult to distinguish the radon attributable to a licensed operation
from natural radon. One approach is simply to account for the total radon and to intervene when
indicated by appropriate guidance.
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4.3.4. Disposition of large volumes of very low activity radioactive waste

Large volumes of very low activity, long-lived radioactive waste may be generated from
the clean-up of lands or structures. Various approaches have been used to deal with these wastes:

disposal offsite in an appropriately designated waste facility
• disposal onsite in a specially constructed facility
• processing to remove the radioactivity or to concentrate it into a smaller volume
• dilution or dispersion and
• leaving the radioactivity in place with or without stabilization.

Taking full account of socio-economic factors, the principles of justification, optimization,
and constraint are adequate to apply to regulatory decisions on the most appropriate handling of
these wastes on a case-by-case basis. It is not clear that a generic treatment of this type of waste
is feasible.

4.4. Interface between clearance for recycle and clearance of buildings

In the proposed regulation on clean-up, the NRC recognized that after clearance of a
building, materials from the building could enter the general commerce for recycling or reuse in
an uncontrolled manner [1].

4.4.1. Parts of cleared buildings or structures used for recycling

Once lands or buildings have undergone clearance, materials may be taken offsite for
recycling or reuse. For example, a building could be demolished and salvaged for steel, concrete,
or other materials. Similarly, soil or rocks from cleared lands could be transported offsite for
landfill or aggregate. If the concentrations of radionuclides in the materials cleared from lands
and buildings were significantly greater than the concentrations used for clearance in recycling
and reuse, the protection of public health may or may not be ensured. Regulators must assess the
scenarios that might occur in this situation. If allowed doses to the public were the same for
clearance of buildings and for recycled materials, it is possible that the larger amount of
radioactivity in a building would lead to lower allowed concentrations for buildings than for
recycle taken alone. However, the allowed dose for clearance of lands and buildings is likely to
be some multiple times greater than for recycled materials. Such a difference in allowed doses
could more than compensate for the larger source term and the associated geometry effects in
buildings.

4.4.2. Cleared materials and equipment incorporated into buildings

Conversely, if recycled materials are incorporated into a building, there is a question as to
whether the clearance dose for buildings would be exceeded. Again, regulators need to perform
risk assessment for these scenarios, and take into account the effects of clearance levels for
recycling on doses from structures and materials made from recycled materials.
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5. CONCLUSION

While the fundamental principles of radiation protection are adequate for exemption,
exclusion, and clearance, there are significant issues to be explored for their implementation in
the nuclear fuel cycle. Resolution of some of the issues centers on questions of acceptable risk
and socio-economic values that enter the justification of the options, while other issues are
basically optimization problems. Finally, establishing constraints to ensure environmental equity
can affect the results of the justification and optimization processes. Regulators need to
understand the trade-offs of regulatory options while taking socio-economic values into account
as they develop regulations.

6. REFERENCES

[1] U.S. NUCLEAR REGULATORY COMMISSION, Radiological Criteria for
Decommissioning; Proposed Rule, Federal Register Vol. 59,43200-43232, Government
Printing Office, Washington (1994). Final Rule on Radiological Criteria for License
Termination, SECY-97-046A, U.S. Nuclear Regulatory Commission, Public Document
Room, 2120 L Street, N.W., Washington, DC 20037, USA (1997).

[2] INTERNATIONAL ATOMIC ENERGY AGENCY, Principles for the Exemption of
Radiation Sources and Practices from Regulatory Control, IAEA-SS-89, Vienna (1988).

[3] U.S. ATOMIC ENERGY COMMISSION, Termination of Operating Licenses for Nuclear
Reactors, U.S. AEC Regulatory Guide 1.86, Washington (1974).

[4] U.S. DEPARTMENT OF DEFENSE, U.S. DEPARTMENT OF ENERGY, U.S.
ENVIRONMENTAL PROTECTION AGENCY, U.S. NUCLEAR REGULATORY
COMMISSION, Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM); Draft for Public Comment, NUREG-1575, or EPA 402-R-96-18, or NTIS-
PB97-117659, Washington (1996).



37

REGULATORY ISSUES ASSOCIATED WITH EXCLUSION, EXEMPTION,
AND CLEARANCE RELATED TO THE MINING AND MINERALS |j|j]j
PROCESSING INDUSTRIES

XA9846101
Phil Metcalf, Sietse van der Woude, Nick Keenan and Shaun Guy
Scientific, Engineering and Technical Services and Mining and Minerals
Processing Departments
Council for Nuclear Safety
Centurion
South Africa

Abstract

The concepts of exclusion, exemption and clearance have been established in
international recommendations and standards for radiation protection and the management of
radioactive waste in recent years. The consistent application of these concepts has given rise to
various problems in different spheres of use. This is particularly the case in the mining and
minerals processing industries dealing with materials exhibiting elevated concentrations of
naturally occurring radionuclides. This paper takes the South African mining industry as an
example and highlights some of the issues that have arisen in applying these concepts within a
regulatory control regime.

1. INTRODUCTION

South Africa has large and diverse mining and minerals processing industries employing
in excess of 300 000 persons These industries exploit a variety of ores and minerals containing
elevated levels of naturally occurring radionuclides. Around 150 000 tonnes of uranium have
been produced from gold and phosphate/copper ores since the 1950's, with South Africa being
the fourth largest producer in the world. Monazite has been mined as an ore and minerals sand
deposits containing monazite and zircon are presently mined and processed in two large mining
operations. Extensive phosphate mining and processing takes place and several other ores
containing elevated concentrations of natural radionuclides are exploited.

Despite being a large producer of uranium, the South African mining industry was not,
until recently, subject to specific regulatory control in respect of radiation hazards. In 1988 an
independent nuclear regulatory authority was established which identified the need for such
control and this was implemented in 1990. The current South African legislation is a broad
enabling act which prior to 1990 had been applied to nuclear installations, including power and
research reactors, uranium conversion and extraction facilities and radioactive waste disposal
facilities. The instruments of regulatory control in terms of this legislation are licensing or
exemption, with certain materials below specified radioactivity concentrations being excluded
from the legislation. Licences may be subject to any conditions deemed necessary for the
safeguarding of persons from the risk of nuclear damage, the latter being denned as damage to
health or loss of use of property attributable to radiation exposure or radioactive
contamination. ~

Initially, thirteen mining operations, some of which were, or had been uranium
producers, together with the heavy mineral sand operations were subject to regulatory control
in a phased manner. They were required to conduct assessments in respect of underground
occupational exposure, surface occupational exposure and public exposure. Radiation
protection programmes are being required on the basis of the assessment which become
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mandatory by condition of licence. The process, which is still ongoing, has identified various
issues and has also led to a considerable number of additional facilities being identified and
subjected to the regulatory process. Presently around sixty mines, minerals processing facilities
and re-cyclers of scrap materials are licensed. Many of the issues concern questions relating to
consistently having to determine which activities should be subject to regulatory control and
which materials, land and facilities from within the regulated environment can be released from
control.

The fundamental problems when considering natural sources, is the background presence
of the radionuclides of concern and the variation of their concentrations in different regions
and locations. A further compounding factor when considering which activities to subject to
regulatory control is the manner in which principles applicable to intervention situations have
been used in the determination of which practices should be subjected to the system of
protection in respect of exposure to radon.

2. EXCLUSION

The South African legislation that was in place when regulatory control of the mining
and minerals processing industries commenced, excluded material from the legislation below
74 Bq g"1. This level was not adequate and was changed to 200 Bq kg"1 for the long lived
naturally occurring radionuclides following consideration of various exposure scenarios and of
practices in other countries. The scenarios made use of the 10 (xSv individual dose criteria, but
did recognise that possible exposures from radon could, for bulk material, be well in excess of
this level of effective dose. Based on the presumption that ore bodies in which natural
radionuclides had been concentrated would generally be well in excess of 200 Bq kg"1 and
others well below, it was considered that this level would most likely capture the majority of
circumstances warranting consideration from a regulatory point of view. It was also recognised
that regulated activities may give rise to residues less than 200 Bq kg 1 but which could give
rise to significant doses if not appropriately managed. It is considered that such criteria should
determine which activities are to be brought into the sphere of regulatory control but should
not be considered as universally applicable and that if the management of such residues is
necessary then it must be exercised.

It has also been recognised that significant radon levels can arise from materials below
200 Bq kg"1 and that further consideration should be given to determining an exclusion
provision in respect of radon for practices. A single generic level of radon concentration would
most likely not be sufficient.

3. EXEMPTION

3.1 Occupational Exposure

In discussing the conceptual framework for radiation protection in ICRP Publication 60
(1), the ICRP differentiate occupational, medical and public exposure, with occupational
exposure characterised as that which is principally incurred at work, and principally as a
result of work. When considering the system of protection for proposed and continuing
practices, because of the ubiquity of radiation, the Commission limits its use of the phrase
occupational exposure to exposures incurred at work as the result of situations that can
reasonably be regarded as being the responsibility of the operating management. Noting
potassium-40 in the body and cosmic radiation at ground level as outside any reasonable scope
of control, Publication 40 also states that only radon in workplaces and work with materials
containing natural radionuclides can reasonably be regarded as the responsibility of the
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operating management. It goes on to observe that it is important not to require the use of a
formal system of separate decisions to exempt each individual workplace where controls are
not needed.

Guidance in respect occupational exposure suggests control of radon should be limited
to workplaces identified by the regulator giving as examples

• operations in spas
• most uranium mines
• many other mines and caves
• and some other underground workplaces

It is further recommended that in work places were the system of protection is applied
because there is already a need for controls on the exposures directly associated with the
work, exposure to natural sources should only be considered if they warrant control in their
own right.

ICRP Publication 65, Protection Against Radon-222 at Home and at Work (2) expands
on the guidance provided in Publication 60. The publication presents an argument for
protection in dwellings and develops this further regarding protection at work. It is necessary
to consider the former argument to understand the basis for the latter. In brief Publication 60
singles out radon in dwellings because of the magnitude of both individual and collective doses
and essentially deals with the issue in terms of intervention. In considering action levels for
intervention, the Commission notes that the choice of level will depend on the level of
exposure and the likely scale of action which will have economic implications for both the
community and for individuals. The Commission suggests that the best choice of action level
may well be that level which defines a significant, but not unmanageable, number of houses in
need of remedial work. It is then not to be expected that the same action level will be
appropriate in all countries. In considering the action level, Publication 65 suggests that it is
clear that some remedial measures against radon in dwellings are almost always justified
above a continuous annual effective dose of 10 mSv. For simple remedial measures, a
somewhat lower figure could be considered, but a reduction by a factor of five to ten would
reduce the action level to a level below the dose from natural background sources. Based on
these considerations, the Commission recommends an action level for annual effective dose
within the range 3 - 1 0 mSv. The corresponding value of radon in dwellings being 200 - 600
Bqm"3.

In developing its recommendations for protection in workplaces, Publication 65 notes
that whilst radon is present in all workplaces, it is recognised as a source of exposure in some
workplaces such as uranium mines but in others such as buildings and non-uranium mines it is
widely ignored. It points out that there is some difficulty in distinguishing between radon
concentrations should be treated as practices and which should be regarded as being due to an
existing situation. The Commission has therefore decided to recommend the use of action
levels to clarify the basis for this choice. Two situations are considered to require levels to be
established namely:

• workplaces, including mines, in which intervention should be undertaken to reduce
radon exposures, and

• workplaces in which the Commission's system of protection for practices should be
applied to radon exposures, with other workplaces not being subject to this system.
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With regard to the former, ICRP note that workers who are not regarded as being
occupationally exposed are usually treated in the same way as members of the public and thus
an action level corresponding to the same dose as that for intervention in dwellings would be
appropriate. Adjusting the value developed for intervention in dwellings for occupancy and
dose conversion coefficient results in an action level range of 500 - 1 500 Bq m3.

Regarding where the system of protection for practices should be applied, the
Commission considers there are clear advantages in adopting the same action level for
requiring the application of the system of protection and for instituting remedial measures
and goes on to recommend adoption of action levels within the same range i.e. 500 - 1 500 Bq
m"3 corresponding to 3 - 10 mSv per annum. Where levels cannot be reduced below the action
level by simple means, it is recommended that the Commission's system of protection should
be applied to the practice.

In classifying areas of the workplace affected it is recommended that where the level of
radon is not directly associated with the operations in the workplace, supervised area
provisions are recommended, where operations influence levels, controlled area provisions
apply-

In the Requirements for Practices set out in the Principal Requirements of the
International Basic Safety Standards for Protection Against Ionising Radiation and the Safety
of Radiation Sources (3), it is stated:

That 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

occupational exposure of workers to natural sources shall be subject to the requirements for
practices ... 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 level for 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 level for remedial action relating to chromic exposure situations involving
radon in workplaces; unless the exposure is excluded or the practice or the source
is exempted

The action level adopted for chronic exposure is 1 000 Bq m'3. In a related footnote it is
noted that at the time of publication the ICRP recommendations related only to radon.,
exposure to other natural sources being expected to be dealt with by exclusion or exemption.

3.2 Exemption Issues

3.2.1 The appropriateness of applying intervention principles to mining operations is
questionable. A mine environment is continually changing as the mine develops and the
working environment is subject to control by operating management at all times excepting
accidental circumstances. This brings into question the basis for using an intervention based
action levels as a decision aiding tool for considering occupational exposure to radon. At any
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particular time, radon levels may be above or below the action level depending on mining
operations and ventilation conditions.

3.2.2 The action level for application of the system of protection for practices adopted in
the International Basic Safety Standards for chronic exposure to radon in workplaces, I 000
Bq m"3, is twenty five times the world-wide average level of radon in dwellings of 40 Bq m"3

and ten times the ninetieth percentile. In view of the often large numbers of workers employed
in mines and the fact, as found in South African mines, that to reduce radon levels, experience
has shown that minor attention to ventilation systems is usually effective (4), the ICRP
assertion there are clear advantages in adopting the same action level for requiring the
application of the system of protection and for instituting remedial measures (2) fails to
recognise that there are compelling reasons for not doing so. Preliminary estimated of
underground occupational exposure in South African gold mines in 1993 gave upper estimates
of 700 man Sv collective exposure in the exposure category up to 5mSv per annum. It is
suggested that the basis for subjecting occupational exposure to radon and natural
radionuclides in the workplace to the system of protection for practises should be revisited and
that the basis for exclusion and exemption should not be derived from action levels for
intervention in respect of radon in homes. This approach does not really address the principles
for exemption namely that the source give rise to small individual and collective doses and that
there are no reasonable control procedure that can achieve significant reduction in individual
and collective doses.

3.2.3 The reference in the International Basic Safety Standards to exposure of persons to
radon being directly related to or incidental to their work presents difficulties in interpretation.
This appears to have derived from the ICRP considerations of whether the operation itself
influences the radon level in the workplace but has been applied in a different context leading
to uncertainty in intent.

3.2.4 Consideration of which facilities the system of protection for practices should be
applied to does not clearly address minerals processing facilities where material exhibiting
elevated levels of natural radionuclides are handled and processed. All the recommendations
generally fail to address these faculties adequately, some of which have significant propensity
for occupational exposure. Unregulated pyrite burning sulphuric acid production plants in
South Africa were found to be giving rise to occupational exposures of up to 60 mSv in
maintenance operations of less than one month duration. This is an extreme example but many
other plants give rise to occupational exposures beyond public dose limits which can easily be
reduced by relatively straightforward controls.

4. CLEARANCE

Mining and minerals processing activities operationally give rise two types of residual
materials that require management, namely; mining and milling residues, including mine tailings
and waste rock and consumable residues such as scrap metal, plastic, bricks, tiles and timber
and extraction residues such as ion exchange resins, active charcoal, filters, scales and sludges.
The former are characterise by very large volumes and specific activities similar to that of the
ore body exploited, which would be in the range of hundreds to thousands of times average
natural background concentrations and in some less usual instances even higher. The radium-
226 content of tailings from South African gold mines are in the region 1 000 to 10 000 Bq kg
\ The specific activity of waste rock is generally less than that of tailings. The radionuclide
content may also vary depending on whether or not uranium has been extracted.
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The scrap materials generated may be contaminated with ore dust, calcified scales
generally containing the mineral matrix, concentrates of uranium or thorium or adventitious
concentrates of radium. The radionuclide content may vary according to origin of the material
within the facility and the specific activity can range from a few Bq g"1 up to tens of thousands
of Bq g"1. Many materials are surface contaminated with varying degrees of attachment and
ingress into the material bulk. The nature of the surface contamination, particularly in the case
of scales may be relatively thick, making direct measurement difficult.

Decommissioning of mining and minerals processing activities gives rise to similar
residual materials in addition to civil structures and the land on which the facilities have been
operated.

Many of these residual materials have potential uses and re-cycling value. The land
associated with former mining and processing operations may also have value. In South Africa,
large urban areas have developed around mining operations and former mine land in some
areas has prime property development value.

4.1 Clearance of Materials

The issues relating to clearance of materials associated with mining and minerals
processing can be separated into those associated with the bulk materials and those with the
consumables. In respect of the former, the possibility exists of tailings material and waste rock
being used as construction materials. This is in the form of landfill and manufacture of bricks
from tailings, and the use of waste rock for the manufacture of aggregate. Should the materials
be used for the construction of buildings, there does not appear to be any generally applicable
clearance level developed and the basis for such a level is uncertain. Annual effective doses in
the order of tens of n-Sv would arise from a few additional Bq m"3 of radon. With average
levels in buildings around 40 Bq m"3 arising from levels of radium-226 in normal ground of a
few tens Bq kg"1, this means that no material elevated above normal levels would qualify for
exemption using the criteria of a few tens of Bq m*3. This is recognised in ICRP Publication 65
which states such materials can be readily detected by the gamma-ray emission, consideration
should be given to identifying them and preventing or limiting their use. It would appear
most appropriate that for unconditional use, the levels of natural radioactivity should be
demonstrated to be comparable with background levels in the area, otherwise the materials
should be subject to conditional clearance which will ensure their use is limited to, for example,
road construction, where exposure of persons to radon will not arise. Clearance levels in such
circumstances would be of the order of less than 100 Bq kg"1 for Ra-226. Clearance levels
derived for Ra-226 for other exposure scenarios which do not consider radon are in the range
100 to 1 000 Bq kg1.

Regarding the clearance of materials referred to as consumable, the problems
encountered relate to the actual physical measurement of contamination, the determination of
which radionuclides are present, deciding what degree of inhomogeneity can be tolerated in the
contaminated materials, the measurement of "thick" surface contamination and, uncertainty on
applicable levels of surface contamination.

In the management of all these materials, an issue that often arises is the acceptability of
diluting the materials with low-activity material to below clearance levels.



43

4.2 Clearance of Land

The issue of land clearance from former mining and minerals processing activities raises
similar issues to the clearance of bulk materials. Many countries have adopted a soil
contamination levels for radium-226 of 200 Bq kg"1, as an exclusion, clean-up or exemption
leveL In terms of the considerations above in respect of clearing bulk materials, there are
questions on the adequacy and appropriateness of such a level. If, however, the land is not to
be cleared for unrestricted future use, a source related constraint could be applied in respect of
future public exposure. This arrangement would have to be adopted on the basis of ongoing
institutional controls in the future ensuring the conditions of clearance are applied.

4.3 Clearance Issues

4.3.1 The concept of conditional clearance, whilst attractive, does raise legal problems in
respect of the material not falling back within the regulatory system. No practical measure has
been determined to address this aspect.

4.3.2 It would seem desirable to align the process of conditional clearance with
authorised discharges.

4.3.3 The issues arising with clearance of bulk materials does warrant more
consideration in the International Basic Safety Standards. The table of generic exemption levels
presented is not considered to emphasise this aspect sufficiently.

4.3.4 In view of the practical difficulties of accurately measuring contamination levels on
a great deal of residues arising from the mining and minerals processing industries, more
attention should perhaps be given to systems of control.

5. TRANSPORT

Mining and minerals processing activities give rise to considerable transport of materials
including mining and milling residues, mineral concentrates and various residues for re-cycling
or further use. The 1996 revision of the IAEA transport regulations (5) which adopts the
exemption levels from the International Basic Safety Standards but contains caveats relating to
natural sources gives rise to some questions of interpretation in respect of applicability. The
regulations are stated not to apply to natural materials and ores containing naturally
occurring radionuclides vMch are not intended to be to be processed for use of these
radionuclides provided the activity concentration of the material does not exceed ten times
the values specified.... Additionally, regarding the definition of contamination, and in its use in
the text, reference is made to low toxicity alpha emitters which included in the definition are
natural uranium and thorium, and the isotopes of uranium-235 and 238 and thorium-228, 230
and 232, when the materials are contained in ores or concentrates.

5.1 Transport Issues

5.1.1 There does not appear to be any radiation safety basis for the factor of ten applied
to natural sources depending on what the end use of the material will be. In addition, it may
not be possible for the consignor to know what the end use will be.

5.1.2 Some of the materials containing natural radionuclide concentrations in the region
of the exemption levels are often transported and handled in bulk. Transfer of such materials is
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often effected by way of open conveyer belt leading to the potential for generation of airborne
activity. This particular scenario would seem to warrant further consideration.

5.1.3 The higher level of surface contamination values adopted for "low toxicity alpha
emitters" does not seem to be substantiated by the information presented in IAEA-TECDOC-
855 " Clearance Levels for Radionuclides in Solid Materials, Application of Exemption
Principles, Interim Report for Comment (6), where the derived values for these radionuclides
appear to be amongst the more restrictive. The term "low toxicity alpha emitters" does seem
somewhat incongruous when applied to the nuclides with the more restrictive derived
exemption and clearance levels,
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ABSTRACT

In the UK radioactive substances are regulated by means of registrations and authorisations
issued under the Radioactive Substances Act. For certain practices and types of radioactive
materials, there are orders which allow exemption from registration / authorisation,
conditionally or unconditionally. The seventeen Exemption Orders in force cover a wide
variety of types of radioactive materials and practices.

Conditional Exemption Orders allow a degree of regulatory control without imposing undue
burdens on users of radioactivity. For most orders, radiation doses to individuals would be
about lOuSv or less, and collective doses would be less than 1 man - Sievert

The UK is reviewing the exemption orders against the requirements of the 1996 Euratom
Basic Safety Standards Directive. It intends to develop a coherent strategy for exemption and
to rationalise the current orders. Recently there has been a degree of public concern over the
release of items from the nuclear industry. Careful presentation of exemption and clearance
concepts is necessary if public confidence in the regulatory system is to be maintained.
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1. INTRODUCTION

The Environment Agency regulates the use of radioactive materials and the accumulation and
disposal of radioactive waste in England and Wales. This paper describes the UK regulatory
regime for radioactive substances and in particular the system of 'Exemption Orders' for
certain practices and types of radioactive materials.

The UK has been reviewing its legislation and Exemption Orders against the requirements of
the 1996 Euratom Basic Safety Standards Directive. It is considering how Exemption Orders
relate to the Annex 1 values in the Directive. Some initial thoughts are outlined on how,
conceptually, the UK might implement the Basic Safety Standards in the future through
amendment of its regulatory system, including the Exemption Orders.

The main legislation applying to radioactive waste in the UK is the Radioactive Substances
Act This Act of Parliament was passed in 1960; it has been amended since then and the
changes were consolidated into the present legislation in 1993, so it is referred to as RSA93.
In 1996 the Environment Agency took over from Her Majesty's Inspectorate of Pollution as
the regulatory body for RSA93. The RSA93 is a "permissioning" regime. The consent of
the regulatory body is required before radioactive sources can be kept or used, and before
waste is created or disposed of. These permissions are known as registrations and
authorisations.

The Environment Agency issues these registrations and authorisations in England and Wales.
The Scottish Environment Protection Agency regulates in Scotland, and the Environment and
Heritage Service regulates in Northern Ireland. In doing so, the Agencies implement UK
Government policy for radioactive waste management. The most recent statement of
Government policy was set out in a 1995 White Paper, Cm 2919. (1)

The scope of RSA93 is deliberately broad; it applies to radioactive waste from both nuclear
and non nuclear industries. The requirements of the legislation apply to all types of
radioactive waste :

solid, liquid and gaseous waste;

radioactive discharges into the environment; and

disposal of solid waste by emplacement in a repository, or by incineration.

The RSA93 excludes from its provisions certain specified naturally occurring radioactive
elements i.e. uranium, protactinium, thorium, actinium, radium, radon, polonium and lead,
below specified limits.

The legislation allows exemptions from the requirement for registration and authorisation, by
order of the relevant Government Minister, the Secretary of State for the Environment. These
Exemption Orders can be subject to conditions i.e. conditional, or with few conditions i.e.
essentially unconditional. Conditional exemptions usually permit larger amounts of
radioactivity to be kept, used and disposed of than those which are unconditional.

The Exemption Orders work by disapplying the requirement for registration and authorisation,
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so that the full rigours of site specific regulation are not imposed, but there is still a degree
of regulatory control.

2. CONSIDERATIONS RELEVANT TO EXEMPTION ORDERS

An order is not granted simply because there is a demand for it. (2) Three general
considerations are :

registration/authorisation should not be applied for its own sake. The burden of full
regulation should not be imposed on industry when this would be unnecessary;

by exempting minor uses of radioactivity greater regulatory effort can be devoted to
more important cases; and

the limitations and conditions of an Exemption Order can provide, in effect, a code
of safe practice.

Some more specific considerations are :

is the practice widespread or likely to become so?

is it justified i.e. do the benefits outweigh the detriments?

is the presence of radioactivity unavoidable?

is there a need for specific controls to prevent harm and for optimisation and should
there be a degree of regulatory checking that these controls are applied?

are the radiological risks acceptable or do they warrant concern?

For a single case or a few similar cases involving the use and disposal of radioactive
substances, registration and authorisation of the sites concerned may be the right regulatory
approach. For practices or products which are very common, the requirement for registration
and authorisation in each case could impose a massive administrative burden, and could
discourage the application of a useful practice or product, so an Exemption Order might be
appropriate in such cases.

3. UK EXEMPTION ORDERS

Since 1960, when the Radioactive Substances Act was enacted the number of Exemption
Orders has grown in a rather ad hoc way. There are 17 orders currently in force; one more
is in preparation. These orders cover a wide variety of types of radioactive materials and
practices. The Exemption Orders fall in four general categories, as shown in Table 1.
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Table 1

UK EXEMPTION ORDERS

Natural Radioactivity

Phosphatic Substances, Rare Earths
Precipitated Phosphate
Uranium and Thorium
Uranium and Thorium Compounds
Geological Specimens
Lead

Products Containing Radioactivity

Luminous Articles
Testing Instruments
Smoke Detectors
Gaseous Tritium Light Devices
Electronic Valves

Specific Types of Undertaking

Hospitals
Schools
Exhibitions
Storage in Transit

Waste Disposal

Waste Closed Sources
Substances of Low Activity

The first category is natural radioactivity, i.e. where the radioactivity is unavoidably
associated with certain materials, for example phosphates, rare earth mineral ores and where
the activity becomes enhanced during processing of the materials. Another of these applies
to rocks in museum collections and geological societies which may contain uranium, thorium,
radium and their radioactive daughters.

In the second category there are 5 Exemption Orders which relate to products or items
containing radioactive sources.
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These are :

luminous articles such as radioactive luminous instruments and indicators;

"testing instruments" containing small sealed sources e.g. gas chromatography and gas
leak detectors;

smoke detectors containing americium 241. Several years ago many hardware stores
started to stock these items in large numbers. The UK considered whether the stores
should have individual registrations and authorisations and decided that this would not
be appropriate, so the order was amended so that the number of smoke detectors
containing sources was increased. At the same time the conditions were changed so
that there were additional requirements for safe storage and record keeping :

Gaseous Tritium Light devices i.e. articles containing tritium gas such as self
luminous signs used for safety purposes; and

electronic valves containing tritium, krypton 85 or promethium 147.

The 3rd category of Exemption Orders relates to specific practices using radioisotopes e.g.
small hospitals etc. The Hospitals order applies to hospitals and nursing homes and similar
establishments where for example small amounts of radioactivity are used for radiomunoassay
purposes.

Two Exemption Orders relate specifically to disposal of radioactive waste. The Waste Closed
Sources Exemption Order allows unwanted or disused sealed sources to be returned to a
source manufacturer without an authorisation. The Substances of Low Activity order is
unconditional. It provides exemption from registration and authorisation for materials which
have such low levels of radioactivity that they are regarded as being of negligible radiological
significance. Materials with anthropogenic activity below 0.4 Becquerel per gram are exempt
under this order. This particular order has been applied when considering free release or
clearance of materials from the nuclear industry in the UK e.g. for recycling of metal scrap.
Aluminium from the BNFL Capenhurst gaseous diffusion plant has been recycled in this way.

4. CONDITIONS OF EXEMPTION

Exemption Orders are framed in general terms so that very similar practices or products
containing radioactivity will also be exempted.

A conditional Exemption Order will include, typically :

a description of the practices, sources and waste to which it applies;

limits on the quantities of radioactivity used and disposed of;

record keeping requirements;

any measures to be taken in the event of sources being lost damaged or stolen; and

a requirement to inform the regulatory authority of loss or theft
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Conditional exemption can be regarded as part of regulation, but without the rigours and
burdens which site specific regulatory Controls could impose. In the UK, conditionally
exempted practices are still subject to a degree of control.

Some years ago a review of the Exemption Orders in force was made, against the commonly
used criteria of 10 \\Sv per annum individual dose and 1 man Sv collective dose, per year of
operation. Most of the Exemption Orders would meet these criteria. For one or two,
assessments indicate radiation exposure would be somewhat in excess of the criteria, however
exemption was still considered to be preferable to registration and authorisation.

5. FUTURE REGULATION OF RADIOACTIVE SUBSTANCES IN THE UK

As a member of the EU the UK is bound by the Euratom Treaty and the Basic Safety
Standards for radiation protection which are made under that Treaty. A new Basic Safety
Standards Directive was adopted in 1996 (3). The UK, like other EU member states, has up
to 4 years to implement the Directive.

The Directive, like the International Basic Safety Standards, sets out quantities and activity
concentrations of specified radionuclides in an Annex. Below these values the requirements
for reporting and for authorisation do not apply. The values in Annex 1 derive from
radiological assessments based on scenarios and assumptions about moderate amounts of
waste.

The UK is reviewing its legislation and Exemption Orders in relation to the Directive and in
particular in relation to the Annex 1 values in the BSS.

The Department of the Environment has been considering the levels of radioactivity which
should be outside of the regulatory system in the future. The UK is minded to adopt the
Annex 1 values as the level or threshold for future regulation of radioactive substances.
Below the Annex 1 values regulatory controls would not apply.

For practices involving quantities and concentrations above these levels some degree of
regulation would be necessary. Both the Euratom Directive and the inter-Agency Basic
Safety Standards have provisions which are consistent which the concept of Exemption Order
which forms part of the UK system. The UK hopes to use conditional Exemption Orders as
part of its implementation of the Basic Safety Standards.

The system of Exemption Orders is in need of review and in particular the UK wishes to
develop a coherent strategy for Exemptions and to rationalise the current set of Orders. A
review is underway, examining which Exemption Orders will be needed in the future and,
which might be cancelled or revoked, and whether it might be possible to reduce the numbers
of case-by-case registrations and authorisations, and reduce the burdens on industry, users and
regulators, whilst maintaining public safety.

Conditional Exemptions, appropriately drafted, can be viewed as a kind of generic
authorisation or permission. For particular practices, there would be conditional Exemptions
which, as now, would disapply the requirement for registration and authorisation. Those
making use of these Exemptions would have to notify or report to the regulatory authority,
so that if appropriate the regulator could check and satisfy itself that the conditions were
being complied with.
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Where conditional Exemptions do not apply site specific registration and authorisation would
continue, as at present. These ideas will be further developed and elaborated when the results
of the review are available.

6. PUBLIC CONCERN

Recently, concern has been expressed in the UK media over Exemption and clearance of
radioactive waste. One Article has asserted that "Nuclear waste may be used in household
products", i.e. the Euratom BSS Directive will allow very low levels of radioactive substances
to be recycled or disposed of without reporting or authorisation.

Another Article "Recycled radioactive food cans on market" raised concerns about recycling
of aluminium from the Capenhurst diffusion plant

These concerns are sure to arise again in the future and those involved in clearance should
be prepared to address the issues with well developed arguments. The concerns which are
raised in the articles were ill founded; nonetheless careful presentation of clearance and
exemption requirements is important if public confidence is to be maintained.
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Abstract

Exclusions and exemptions, total as well as partial, have always been part of the IAEA
transport regulations, but these provisions were dispersed over various sections. In the 1996
edition of these regulations, some of these exclusions and exemptions have been kept
unchanged, others have been changed and also, new ones have been added.

This paper gives an overview of the exclusions and exemptions in the 1996 edition, the
most important change with respect to the previous edition being the departure from the single
exemption value of 70 Bq/g for all radionuclides to the radionuclide specific exemption values
as specified in the IAEA Basic Safety Standards.

As a consequence of this change, a new category of Low Specific Activity (LSA) material
has been introduced.

This paper also discusses the rationale of these changes to the regulations.

1. INTRODUCTION

Exclusions and exemptions (total and partial) have always been part of the transport re-
gulations[1J, but these provisions were dispersed over various sections, for instance:

- the regulations do not apply to shipments within regulated facilities, neither to
radioactive material that is an integral part of the means of transport (such as ballast
in aircraft or ships), nor to material having a specific activity lower than 70 Bq/g;

- excepted packages and Low Specific Activity (LSA) material are exempted from
certain requirements of the regulations;

- objects with surface contamination lower than 0.4 Bq/cm2 for beta and gamma emitters
and low toxicity alpha emitters, and 0.04 Bq/cm2 for all other alpha emitters, are not
classified as Surface Contaminated Objects (SCO) and are therefore implicitly
exempted from the requirements of the regulations.

Some of these exclusions and exemptions have been kept unchanged in the 1996 edition of
the regulations, others have been changed and also, new ones have been added.
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2. EXCLUSIONS

Whereas the exclusions in the 1985 edition were dispersed over several paragraphs, they
have been grouped into one single paragraph (107) of the revised regulations:

The Regulations do not apply to:

(a) radioactive material that is an integral part of the means of transport;

(b) radioactive material moved within an establishment which is subject to appropriate
safety regulations in force in the establishment and where the movement does not
involve public roads or railways;

(c) radioactive material implanted or incorporated into a person or live animal for
diagnosis or treatment;

(d) radioactive material in consumer products, which have received regulatory
approval, following their sale to the end user;

(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 ten times the appropriate exemption
values.

The exclusions in subparas (a) and (b) are not new in the transport regulations. The
exclusion in subpara. (c) has been extended to live animals.

The exclusion in subpara (d) applies for instance to smoke detectors containing relatively
small amounts of radioactive materials; such articles are also exempted from the system of
notification and authorization set forth in the Basic Safety Standards (BSS)[21.

The rationale behind subpara. (e) will be explained later in relation with the departure from
the single exemption level of 70 Bq/g to a radionuclide specific approach in the definition of
radioactive material.

3. PRINCIPLES FOR EXEMPTION

In 1988 an international (IAEA, NEA) consensus was reached on the general principles
for exemption from radiological protection measures, and published as IAEA Safety Series No.
89[3].

The exemption of a practice or a source from regulatory control (notification, registration,
licensing) must be seen in relation to the basic radiological protection principles: justification
of a practice, optimisation of protection, individual risk and dose limits.
A "practice" is defined as "a set of coordinated and continuing activities involving radiation
exposure which are aimed at a given purpose, or the combination of similar such sets".
The "source" is then defined as "the physical entity (e.g. radioactive material, nuclear
installation) whose use, manipulation, operation, decommissioning and/or disposal are
constituents of the coordinated set of activities defined as practice".
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From a radiological protection standpoint, there are two basic criteria for determining
whether or not a practice can be a candidate for an exemption :

- the individual risks must be trivial, i.e. sufficiently low as not to warrant regulatory
concern;

- the radiological protection must be optimised, taking the cost of regulatory control into
account.

A schematic view of the exemption procedure is given in figure 1.

An individual dose is likely to be regarded as trivial if it is of the order of some tens of
microsieverts per year. Because an individual may be exposed to radiation from several
exempt practices, it is reasonable to apportion a fraction to each exempt practice. This could
lead to individual doses to the critical group of the order of 10 uSv in a year from a single
practice (e.g. all shipments made in one year by one carrier).

In the optimisation assessment, the relevant quantity is the collective dose commitment per
year of practice. A generic study of the available options should be made and the conclusion
reached that exemption is the option that optimizes protection. If this generic study indicates
that the collective dose commitment from one year of the unregulated practice will be less
than about 1 man.Sv, it may be concluded that the total detriment is low enough to permit
exemption without more detailed examination of other options.

In its 1990 recommendations, the International Commission on Radiological Protection
(ICRP) recognizes "that the exemption of sources is an important component of the regulatory
functions "[4]. The Commission reiterates the two basic criteria for exempting a source or an
environmental situation from regulatory control. One is that the source gives rise to small
individual doses and small collective doses in both normal and accident conditions. The other
is that no reasonable control procedures can achieve significant reductions in individual and
collective doses.

These principles have been endorsed and made more explicit in the revised IAEA Basic
Safety Standards[2] as follows :

(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).
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4. APPLICATION OF EXEMPTION PRINCIPLES TO TRANSPORT

Unregulated practices give rise to small individual doses (10 or some tens of microsievert
per year), which are not measurable in practice. Therefore, the exemption criteria in terms of
dose must be converted to more practical and measurable quantities, such as activity
concentration levels in Bq/g or total activity in Bq.

During the revision of the Basic Safety Standards an international consensus was reached
on the various scenarios, models and exposure pathways to be considered for the derivation
of exemption levels in terms of total activity and activity concentration^1. The radiological
criteria mentioned above were used for normal conditions; in addition to those, for accident
scenarios a reference level of 1 mSv was used, on the basis that the probability of occurrence
is less than unity, and a reference dose to the skin of 50 mSv was taken into account.

Such exemption levels were derived for the most common radionuclides. The exemption
values for some selected radionuclides are given in table 1.
They range several orders of magnitude'21151 : from 1 to 1 000 000 Bq/g in terms of activity
concentration, from 1 000 to 1 000 000 000 Bq in terms of total activity.

The benefit of harmonization between the BSS and the transport regulations is obvious.
Such harmonization would avoid problems at interfaces and legal and procedural
complications. It was recognized that the single exemption level of 70 Bq/g has no dose basis
and that it is unlikely that this level satisfies the general dose criterion of 10 uSv/y for all
radionuclides.

A careful examination of the underlying scenarios and models used to derive the exemption
levels for the BSS led to the conclusion that they had not been demonstrated to be appropriate
for transport purposes. Therefore, a set of transport-specific scenarios were developed161 which
reflected various exposure situations (exposure times, distances, source geometries and
shielding factors):

- a postman or courier delivers a package containing radioactive material to a laboratory
or a hospital after having carried it during his delivery round (200 hrs/year);

- a driver transports bulk material or packages in a truck or van (400 hrs/year);
- a person loads bulk material or packages in a truck or van (200 hrs/year);
- a member of the public travelling in an aircraft is exposed to radioactive material being

transported in the hold of the aircraft (200 hrs/year).

The accident scenarios (only those leading to exemption levels in terms of total activity)
were analyzed following the so-called Q system exposure pathways, i.e. the exposure pathways
that are considered in the derivation of the contents limit of a type A package(!).

Based on these scenarios both activity concentration and total activity (per consignment)
values were calculated which would result in an annual dose of 10 uSv (or 1 mSv in the case
of an accident). One of the most restrictive scenarios is the exposure of a truck driver
transporting 20 m3 of bulk material for a total duration of 400 hours per year.

1 A type A package is designed to withstand normal transport conditions, including minor mishaps. The
radioactive content is limited such that the exposure of individuals in case of a severe accident does not
exceed 50 mSv.
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It was shown that the single exemption value of 70 Bq/g was not compatible with the dose
criteria. For some radionuclides (e.g. Co-60, Ra-226, Th-232, U-238) it results in doses of the
order of 1 mSv/year or more (see figure 2).

These transport derived values were generally more restrictive than the BSS values, but
generally did not differ more than one order of magnitude (see figure 3). Taking into account
the obvious advantages of having the same set of values to be applied to both fixed
installations and transport operations, it was decided to adopt the BSS derived values also for
transport purposes[7l A comparison of the new exemption levels with the single value of 70
Bq/g is illustrated in figure 4.

For mixtures of radionuclides, the "ratio rule" must be applied so that the sum of the
activities (or activity concentrations for each radionuclide divided by the applicable exemption
value is less than or equal to 1.

It must be noted that, in the case of decay chains, the values explicitly refer to the parent
nuclide. The radiological impact of the daughter nuclides has been taken into account in the
calculations. The single value of 70 Bq/g in the current regulations is not unambiguous in this
respect and leads to divergent interpretations.

Although some doubts were raised about the radiological justification of the exemption
level in terms of surface contamination, the same definition of contamination was kept. Hence,
objects with surface contamination lower than 0.4 Bq/cm2 for beta and gamma emitters and
low toxicity alpha emitters, and 0.04 Bq/cm2 for all other alpha emitters, are not classified as
Surface Contaminated Objects (SCO) and are implicitly exempted from the requirements of
the regulations.

5. LOW SPECIFIC ACTIVITY MATERIAL

The scope of the Regulations includes those natural materials or ores which form part of
the nuclear fuel cycle or which will be processed in order to use their radioactive properties.
The Regulations do not apply to other ores which may contain naturally occurring
radionuclides, but whose usefulness does not lie in the fissile, fertile or radioactive properties
of those nuclides, as long as the concentration of the radionuclides has not been artificially
enhanced. Were this not the case the Regulations would have to be applied to enormous
quantities of material that present a very low hazard.

However, there are ores where the activity concentration is much higher than the
exemption values. Since the regular transport of these ores may be of radiological concern,
a need was felt to put a limit for the activity concentration, above which radiological
protection measures need to be considered. A factor of 10 above the exemption values was
chosen as a compromise between the radiological protection concerns and the practical
inconvenience of regulating large quantities of material with low level activity concentration
(see para. 107(e) of the transport regulations).



57

Materials containing radionuclides in concentrations above the exemption levels have to
be regulated. It is reasonable that materials containing radionuclides with an estimated average
activity up to 30 times the exemption level may be exempted from parts of the transport
regulations. Such materials have been associated to the category of LSA-I materials (para.226).
The factor of 30 has been selected to take account of the rounding procedure used in the
derivation of the exemption levels and to give a reasonable assurance that the transport of such
materials does not give rise to unacceptable doses.

6. PARTIAL EXEMPTION

It must be noted that some categories of material and packages are exempted from part of
the requirements of the regulations.

LSA-I material and SCO-I are exempted from the requirement of packaging, provided
some conditions are met (para. 523):

(a) all unpackaged material other than ores containing only naturally occurring
radionuclides shall be transported in such a manner that under routine conditions
of transport there will be no escape of the radioactive contents from the conveyance
nor will there be any loss of shielding;

(b) each conveyance shall be under exclusive use, except when only transporting SCO-I
on which the contamination on the accessible and the inaccessible surfaces is not
greater than ten times the exemption level in terms of surface contamination; and

(c) for SCO-I where it is suspected that non-fixed contamination exists on inaccessible
surfaces in excess of these values, measures shall be taken to ensure that the
radioactive material is not released into the conveyance.

Excepted packages are subject only to part of the provisions of Section V, Requirements
and controls for transport, and Section VI, Radioactive materials and packagings and packages
(para. 515). In particular they are not required to be labelled on the external surface.
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Table 1 - Exemption values for some selected radionuclides

Radionuclide

H-3

C-14

P-32

S-35

Cl-36

K-40

Co-60

Kr-85

Sr-89

Sr-9(P

Mo-99

Tc-99m

1-125

1-131

Cs-137n

Ir-192

Au-198

11-201

Ra-226r)

Th-natn

U-nat(*>

Pu-239

Am-241

Activity Concentration
(Bq/g)

1 000 000

10 000

1 000

100 000

10 000

100

10

100 000

1 000

100

100

100

1 000

100

10

10

100

100

10

1

1

1

1

Total Activity
(Bq)

1 000 000 000

10 000 000

100 000

100 000 000

1 000 000

1 000 000

100 000

10 000

1 000 000

10 000

1 000 000

10 000 000

1 000 000

1 000 000

10 000

10 000

1 000 000

1 000 000

10 000

1 000

1 000

10 000

10 000

n parent nuclides and their progeny included in secular equilibrium :
Sr-90 Y-90
Cs-137 Ba-137m
Ra-226 Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210
Th-nat Ra-228, Ac-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212,Tl-208 (0.36), Po-212 (0.64)
U-nat Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214,

Pb-210, Bi-210, Po-210
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Figure 1 - Schematic view of exemption procedure
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figure 4 - Berrption levels in terms of activity concentration
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PROBLEMS IN COMPLYING WITH REGULATIONS RELATED TO LOW
ACTIVITY MATERIALS: NUCLEAR FUEL CYCLE ISSUES

R. Coates
British Nuclear Fuels pic
Sellafield, UK

ABSTRACT

The range of issues relating to exemption and clearance
within the nuclear fuel cycle is reviewed. It is concluded
that current regulatory systems and the underpinning
technical criteria are potentially inflexible and over-
conservative, resulting in an imbalance in the use of
society's resources. Proposals are developed for establishing
practical requirements which would ensure that resource
allocation is commensurate with the magnitude of the risks
and in broad proportion to the other risks affecting society.
Such an approach would be consistent with the concept of
sustainability and could support wider public acceptance of
these issues. Within this approach the practical distinction
between exemption and clearance is challenged.

1 SCOPE OF NUCLEAR FUEL CYCLE ISSUES

This paper addresses exemption and clearance issues which affect nuclear sites -
primarily fuel manufacture, nuclear power plant, fuel reprocessing and waste
management. Issues relating to mining, milling and transport of radioactive materials
are addressed elsewhere. The principal focus of consideration is solid waste: whilst
many of the issues addressed also apply in principle to discharges of aerial and liquid
effluents, it is clear that in these latter cases additional factors relating to mobility,
dilution and reconcentration must be more rigorously addressed.

Solid waste and potentially reusable materials may be considered within the following
framework:

• Higher active waste streams (ILW, HLW) - for disposal at a repository

• LLW - for disposal at an appropriate site
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• Recycle active material within the nuclear industry - (eg manufacture of steel waste
containers)

• Conditional clearance for disposal - (eg in defined locations etc)

• Conditional clearance for recycle/reuse - (eg scrap steel routed to a smelter, with
subsequent product steel available for general use)

• Unconditional clearance for disposal or reuse - ie essentially as 'non-radioactive'
material.

All of these options must be used if an optimum and balanced use of resources is to be
achieved. Each involves a material sentencing regime against defined technical
criteria. This paper addresses primarily the requirements for unconditional clearance,
although there is considerable overlap with the other options identified above. In a
nuclear fuel cycle context the key issue is that of clearance because the principal
materials arise within a regulatory control regime. However, exemption
considerations can arise on nuclear sites relating to levels of natural radioactivity and
trace enhancement of activity content due to licensed discharges.

2 CURRENT PROBLEMS IN COMPLYING WITH REGULATIONS

Costs

Whilst the day to day operation of nuclear sites requires the establishment and
successful operation of clearance regimes to facilitate the movement of personnel and
materials out of controlled (active) areas, studies have shown that the major cost
implications of any clearance regime are related to decommissioning considerations.

Many studies have shown that total waste management costs related to
decommissioning are very sensitive to the bulk activity clearance level (Bq g"1), above
which material must be treated as active waste. For example, preliminary assessments
in the UK are indicating that adoption of the current IAEA exemption levels as the
basis of a clearance regime instead of using a general clearance level of 0.4 Bq g"1

would reduce waste management costs by many £100Ms, based on the avoidance of
currently projected LLW costs. Changes to the assumed clearance levels by factors in
the range 3-10 in either direction create cost changes of a similar order of magnitude.

Taken on an international basis it is clear that the choice of clearance levels has the
potential to change waste management costs by the order of tens or hundreds of £B.

Practicality of Sentencing and Associated Instrumentation

Many currently proposed clearance levels are in the range of 1-10 Bq g"1 or lower, at
which levels the measurement threshold and the differentiation from natural
background activity become problematic. The practicality of measurement and
sentencing regimes for industrial scale systems becomes a significant issue.
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Whilst in some cases systems can be developed, they are often complex, costly and
unsuited to general industrial use. In many cases the technology relies on detection of
a 'fingerprint' gamma emitter such as Co 60. This may be a helpful and appropriate
technique for several specific waste streams, particularly for reactor plant, but it is not
easily applicable to other sectors of the fuel cycle.

A danger of current trends is that the system will be driven by the available (or
potentially available) technology rather than reviewing the need for assessment at
these low activity levels.

Complexity of the Exemption/Clearance System

The underpinning theory for the concepts of exemption and clearance are defined
within the IAEA Basic Safety Standards (BSS)(1). On this basis these concepts are
separate but inter-related, in that material cleared from the system of regulatory
control must be of sufficiently low activity that it remains exempt material once it has
been cleared. However, in practice there is essentially no distinction between these
two concepts. The simple practical reality is that on the basis of some monitoring
measurement, a sentencing judgement is made on whether legal requirements such as
those relating to reporting, authorisation and control apply to that particular material.
Thus the theoretical distinction between clearance and exemption seems arbitrary,
unhelpful and potentially confusing. For example, within the UK virtually all
clearance considerations relating to bulk activity have been based on a level of
0.4 Bq g"1 defined as an exemption criterion in the relevant legislation. Irrespective
of the adequacy of the numerical value, the concept of using this type of legislative
base works well in practice and meets the needs of the users and the regulators.

A further consideration relating to exemption is - exempt from what? The IAEA
Basic Safety Standards are admirable in that they clearly state that the concept is
'exemption from the requirements of the Standards'. Other regional/national
legislative requirements are not so clear in that they may indicate that the concept
means exemption only from (eg) the requirements for reporting and authorisation.
This leaves operators with the theoretical need to comply (and to be able to
demonstrate compliance) with the other elements of the protection system such as
justification and optimisation, even when individual doses will be less than 10 uSv pa.
This is an unrealistic and unnecessary approach.

Public Acceptance Issues

Most nuclear operators have experienced some difficulties in the public acceptance of
materials released from nuclear sites. Understandable concerns are often fuelled by
particular interest groups who have a declared tactic of ensuring nuclear waste costs
remain high as part of an overall strategy to phase out nuclear power.

Public understanding of these issues is not aided by the complex concepts underlying
exemption and clearance, nor by a multiplicity of assessments leading to differing
clearance and exemption levels and a range of national approaches. Additionally, the
overlap between natural activity concentrations and some of the declared or postulated
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clearance/exemption levels may create situations which serve to confuse the public
and those who influence them. Proposals to address some of these issues are
considered later in the paper.

Combined Effects

Consideration of several of the above factors, particularly costs, practicality and the
interaction with natural activity levels combine to focus attention on bulk activity
clearance levels of the order of a few Bq g"1 or less. Is there a clear justification to
society of the value of establishing clearance regimes based on such low levels?

3 KEY ISSUES FOR THE FURTHER DEVELOPMENT OF THE
EXEMPTION/CLEARANCE SYSTEM

Philosophical Conservation

The Basic Safety Standards outline two fundamental principles for exemption:
individual risks should be sufficiently low as to not warrant regulatory concern, and
radiation protection (including the cost of regulatory control) must be optimised. For
virtually all situations for which exemption and clearance levels have been derived it
is the first of these criteria, ie individual risk, which is of most relevance. This has led
to a reference level of individual dose of the order of 10 |iSv pa from each exempt
practice being accepted as the key criterion.

It is important to realise the original derivation and overall context of this criterion.
An individual dose of the order of 10 uSv pa can be used as a basis for exemption
without a great deal of detailed analysis.® The Basic Safety Standards(1) refer to
exemption at this dose level 'without further consideration' of individual dose, but
note that Regulatory Authorities may exempt in other situations provided that the
fundamental principles are respected.

In much of the detailed assessment and modelling work related to exemption and
clearance, the above important caveats on the 10 uSv dose level have been lost in the
detailed text, or are not present at all, and have resulted in a drift towards an
unnecessarily restrictive regime. The impression given is that 10 uSv pa individual
dose is the requirement for exemption which must be complied with in all
circumstances - ie in effect a limit.

It is possible to identify aspects where the above fundamental philosophy may itself
be considered unduly conservative:

• The original derivation of trivial individual risk was related to risks in the range
10"6 to 10"7 in a year. UK studies on Tolerability of Risk(3) have focused on 10"6 pa
as a broadly acceptable risk, below which it would not be reasonable to consider
further improvements which would take up resources. Additionally, risks up to
10"5 pa could well be appropriate, depending on the circumstances.
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• The criteria currently make no distinction between exposure to workers or to the
public. It is clearly the case that these groups are subject to differing levels of risk
tolerability and dose limits, involving differences of at least one order of
magnitude. The relevance for decision-making of a risk level of 4.10"7 pa (ie
10 nSv) in the context of general occupational risks across the industrial world is
questionable.

• The allowance for exposures from several overlapping exempted practices is likely
to be unnecessarily restrictive in many circumstances. Due allowance should be
made where such a situation can be reasonably foreseen.

Taking account of the above considerations leads to an individual dose exemption
regime based on public exposures of the order of several tens of microsieverts in a
year per practice or occupational exposure of at least 100 \xSv. Higher levels could be
permissible after closer consideration by regulatory authorities, particularly where
very small numbers of individuals are involved or the costs to society would
otherwise be significant.

Assessment and Modelling Conservatism

Modelling assessments aimed at demonstrating compliance with exemption and
clearance criteria often contain significant caution which serves to distort the
allocation of resources:

• There is a general tendency within the modelling community to use conservative
parameters. This is appropriate for assessments against dose limits and related
derived levels, but should not be the case for optimisation studies or other
situations regarding resource allocations (and particularly where 'trivial' levels of
dose are involved). Phrases such as 'an appropriately conservative value' are often
encountered in assessments - eg reference (4). It is also usual to keep with
conservative data if the results of the assessment are acceptable in the context of
the study, because such an approach is readily defensible at the lowest cost.
However, in many situations the output of one assessment becomes an input to
another, and the inherent conservatisms become lost in the detail and hence
accumulate without visibility.

• Even small conservatism factors of 2 or 3 become important when applied
cumulatively within assessments. An overall conservatism of an order of
magnitude is easily reached in a 2 or 3 stage assessment model.

• Assessments are usually based on contamination levels applicable over one year's
practice. However, clearance or exemption levels (eg in terms of Bq g"1 or
Bq cm"2) based on such assessments are then inevitably applied in the field to each
individual item or part of a surface. It is almost inconceivable that annual average
contamination levels resulting from such a regime will remotely approach the
designated clearance/exemption level. For example, modelling the reuse of
concrete buildings(4) has assumed that the whole surface of the building is at the
prescribed level: in practice, clearance levels are then applied to the highest
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detected contamination, averaged over a relatively small surface area. Recent
modelling of transport contamination Iimits(5), aimed at demonstrating that the
excepted package contamination limits are unnecessarily restrictive, assumed that
all surfaces of all packages handled in a year are contaminated at the reference
level. Were such an assessment regime to be used to derive actual clearance levels,
the approach has the potential to introduce gross conservatism of at least an order
of magnitude. Even for natural nuclides, van der Steen(6) has noted that the specific
activity can vary by a factor of 10 or more: hence widespread contamination at a
uniform contamination level is an extremely unlikely event.

Sustainability and Equity of Risk

In many situations reflected in the recent literature, clearance and exemption levels
based on typical modelling approaches are likely to result in actual doses to the most
exposed individuals which are not likely to exceed about 1 |^Sv pa and in some
circumstances could be significantly lower. This represents real risk levels in the
range 10'7to 10'8pa.

Exemption/clearance levels derived in this manner have consequences which can be
significant in terms of cost to society. For example:

• Significant restrictions on waste stream routing become necessary, with large
quantities of material requiring disposal as 'radioactive material', resulting in
greatly enhanced costs as indicated previously.

• Many derived clearance levels are close to, or below, current limits of detection for
practicable field instrumentation. In many cases materials must be deemed to be
above the clearance level and treated accordingly (again with significant cost
implications).

• In some cases this can eliminate options to recycle or otherwise re-use materials,
thereby having implications for sustainability.

• A wide range of natural minerals and materials need to be brought within the
regulatory regime, with the consequent application of radiological controls®.

Whilst such consequences are indeed necessary and appropriate where warranted on
the grounds of significant risk, it is a distortion of society's needs when such decisions
are taken when the highest levels of individual risk are of the order of 10~7 to 10"8 pa.
In particular, where other risks in society are several orders of magnitude higher it is
questionable how much of the national resources should be allocated to controlling
radiological risks at this trivial level.

The conventional approach to assessments generally followed to date in the
international literature addresses only radiological risks. However, in order to obtain
the total impact on society it is necessary to consider the full range of health, safety
and environment effects which would be dependent on the decision under
consideration. A current study J is comparing the impact of recycling or disposal of
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radioactive scrap metal, taking account of both radiological and other factors. There
is considerable evidence based on total health risk estimates and overall
environmental consequences that there is a significant balance in favour of recycling,
and that radiological risks are generally insignificant compared to other effects.
Hence it is important not to define the problem too narrowly when deriving criteria for
acceptability of any practice.

A Common Clearance/Exemption System

On the basis of previous discussion there is a practical rationale for progressing a
system of joint exemption/clearance levels. The current BSS exemption levels are
based on the 10 p.Sv pa individual dose reference level. Many other assessments of
exemption or clearance levels(8)>(9) based on essentially identical criteria have
proposed broadly similar numerical levels, although varying in either direction by
factors typically in the range 1-10 depending on the nuclide. This is essentially a
consequence of the particular modelling parameters used in the assessments.

Given the range of arguments supporting a flexible interpretation of the underpinning
10 uSv pa criterion, it is unreasonable to view factors of 3, 10 or even higher as
irreconcilable. Noting the clear linkage to chosen modelling parameters we should
not delude ourselves that there is a particular 'correct' or 'exact' value for any
particular derived clearance/exemption level.

Hence a common starting point could be to take the existing BSS exemption levels as
the basis for a joint system. Additionally, given the above concerns over the
advisability of the lower declared exemption levels around
1-10 Bq g"1, these should be subject to further review. Any pressure to reduce
clearance levels below these values should be firmly resisted unless there are clear
indications that such a practice would be inappropriate - ie that real doses likely to be
received by members of the public could exceed several tens of uSv pa or that doses
to workers would be significantly higher than this.

Public Acceptance

Whilst there is no universal answer to securing public acceptance, the following
considerations would contribute to creating an appropriate climate of opinion:

• a simple unified exemption/clearance system for deciding whether material is
subject to regulatory requirements

• widespread international acceptance of such a system

• clear separation of political judgements (including cautionary conservatisms) from
technical assessments: if political inputs into the clearance regime are necessary
they should be explicit and not hidden in technical assessments
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• further consideration of the potential for recycling within the nuclear industry and
for maximising disposals on nuclear sites, although on the basis of standard
clearance criteria.

4 CONCLUSIONS

The following key points should be carried forward into any future work on the
system for regulating low activity materials, with the objective of creating a regime
more suited to society's needs and giving much greater value for money in terms of
health, safety and sustainability.

• Unqualified use of 10 (iSv pa individual dose as the exemption level must be
avoided

• Greatest emphasis should be given to a joint clearance/exemption regime based on
public doses of several tens of microsieverts per year and occupational doses of at
least lOOjxSvpa

• Greater use should be made of the concept of conditional clearance

• Due account should be given to the relative importance of non-radiological factors
and contributions to sustainable development

• There are very significant cost issues (and associated allocation of society's
resources) associated with the establishment of clearance levels

• Further studies should be undertaken of the cost sensitivity of decommissioning
waste management to the defined clearance levels, particularly at the lower levels
of bulk activity (ie 10 Bq g"1 and below)

• Guidance should be prepared on the appropriate sampling and sentencing regimes.
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EXCLUSION, EXEMPTION AND CLEARANCE IN THE MINING AND MINERALS
INDUSTRY - A REVIEW OF THE CONCEPTS FROM A SOUTH AFRICAN
PERSPECTIVE

J.H. SELBY
Richards Bay Minerals
P.O. Box 401
Richards Bay 3900
South Africa

Abstract

The risks from mining and processing of ores is reviewed on a generic basis with
particular reference to some of the confusions which can arise due to lack of consistency or
common logic in the use of exclusion, exemption and clearance. The difference in exclusion
and exemption are challenged by comparing doses received in high background radiation areas
and the doses received from a mining practice. The common principle of risk to the human
species is not applied consistently.

The differences between IAEA recommendations and local regulatory conditions are
compared, and the use of exemption levels as clearance levels is considered. A case study on
management of mine tailings is presented with special focus on the use of clearance levels.
In all areas of review the interpretation of regulation is subject to confusion resulting from
inconsistencies which can distort free market economics.

1. INTRODUCTION

This study presents some views and problems associated with the application of
exclusion, exemption and clearance levels as applied to the mining and minerals industries.

The issues raised during the study result from a general misunderstanding with in the
industry due to a lack of consistency in logic and application. The bringing of these topics
into the conference environment is to assist in future clarification and general improvement
in control and management strategies.

2. MINING AND MILLING

There are such diverse differences between surface and underground mining that these
methods of mineral exploitation will be dealt with separately.

2.1. Underground Mining

This type of mining operation will recover valuable minerals from depths of a few
hundred metres down to 4-5 kms below the surface of the earth, and may involve deep shafts
and tunnels. Obviously the material recovered from such depths could not have been accessed
by members of the public in its natural state, however the radionuclide contents of the ore are
unchanged. The application of the terms "unmodified" or "technologically enhanced" to this
type of ore can be difficult to interpret.
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2.2. Surface Mining

This type of operation occurs between the actual ground surface and a few hundred
metres in depth. The ore bodies mined by surface techniques generally have some surface
expression i.e. the material in the ore bodies was naturally exposed to members of the public.
Again the use of such terms as "modified" or "technologically enhanced" to such ore can
cause confusion in application.

2.3. Milling

The processing of ores recovered from either underground or surface mining is
commonly known as milling. This is unfortunate as the term milling is more correctly applied
to a process of size reduction. Whilst many ore's do pass through size reduction steps it is not
necessarily the case for all ores. It would be more accurate to describe the treatment of mined
ore as "minerals processing" - this treatment may be followed by sale of product or by further
treatment involving hydrometallurgical or pyrometallurgical processes.

One might question what this description of metallurgical/mining processes has to do
with exemption5exclusions and clearance processes. It is however, necessary to understand
these unit operations to appreciate some of the anomalies which result and which cause
confusion and lack of consistency.

2.4. Ore Type

The ore being recovered at a mining operation will have a major effect on the type and
magnitude of the risks occurring in that operation.

Very broadly, ores may be subdivided into three categories:-

(a) Those processed for the recovery of uranium, thorium or other radionuclides
(b) Those processed for the recovery of a non-radionuclide but which may contain low

levels of radionuclides. There are two subcategories within this group :-
(b-i) the processes used liberate the radionuclides or modify their naturally occurring state
(b-ii) the processes used do not alter the natural state of the radionuclides

Obviously the risks from these three groups will be different and documents which
attempt to give guidance on a generic basis will cause confusion for thejmplementers of such
guidance. While it is recognised that it is not practical to generate guidance documentation for
every different type of mining operation it would be reasonable to deal separately with the
main groups as described above.

3.0 CONSIDERATION OF THE EXEMPTION, EXCLUSION AND CLEARANCE
CONCEPTS

3.1 Exclusions

According to the BSS1, exclusion applies to unmodified concentrations of radionuclides
in raw materials. Thus the radiation levels from the surface expression of a radioactive ore
would be "excluded", from any assessment of dose measurement resulting from the ore.
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However, the application of the exclusion principle to radioactive ore brought to surface from
underground is less clear. The radionuclide content of the ore is unmodified but the physical
state of the ore is clearly not natural, so exposure from this ore would probably not be
excluded, although it could be identical to that in the surface mining case.

In some areas of the earths crust there are concentrations of minerals containing
radionuclides, but the concentration of the mineral is too low to be classed as ore. In such
cases a member of the public can be exposed to higher background levels - these according
to the BSS are also "excluded" - and the resulting dose acceptable.

According to Document XI - 028/936 published by the Commission of European
Communities "exclusion is defined as a social decision to refrain from including within the
scope of regulations subjects and situations where regulatory control would prove difficult or
even unrealistic". This definition implies that the concept of "exclusion" is not based on dose,
but that a society may accept a level of radiation risk simply because control is difficult.
Control is also difficult for the case of a large stockpile of natural radioactive material, so one
might ask why this risk is also not acceptable.

The situations described above generate some questions. If risk to the individual is
related to dose and high natural background areas produce higher potential doses it follows
that in such areas the risk to a member of the public is higher. According to exclusion
principles this higher risk is acceptable because it is the result of natural occurrences and
social decisions. The principles of radiation protection require minimisation of risk and if
applied to areas of high natural background would require regulatory control over all the
activities on certain parts of the earths siirface. Such control would clearly be seen as an
infringement of civil rights and would be politically unacceptable. However, to reverse the
situation one could argue that if the dose to the public from a high background area is
"excluded" and therefore acceptable why should the same dose resulting from a mining
operation also not be acceptable as illustrated in Table 1

TABLE 1

Case

1

2

Natural
Background

uSv/a

2000

800

Occupational
Exposure from a

Practice

uSv/a

1200

Total
Exposure

uSv/a

2000

2000

Acceptability

YES

NO

3.2. Exemption

The principle of exemption is applied to practices and sources and allows an activity or
material not to be included in regulatory control. In this area the BSS has provided extra
guidance particularly with respect to exemption levels for substances. In the mining and
minerals processing industry, naturally occurring substances are the materials being handled.
These materials have been in existence for a very long time usually several million years and
in some cases over a billion years. The radioactive decay chains are invariably in secular
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equilibrium so the presence of the natural uranium and thorium chains are the most relevant
to mining and mineral processing activities.

The BSS[1] lists exemption levels for UNAT and ThNAT and gives these levels in both cases
as 1 Bq/gm of parent nuclide. This implies that naturally occurring ores and minerals, with
uranium or thorium decay chains in equilibrium at 1 Bq/gm should not be subject to regulation.
However, in South Africa for example the isotopic level used for such exemption is 0.2
Bq/gm[3] i.e. one fifth of the BSS[1] recommendation. Whilst it may be argued that an
individual country can set its own regulatory levels, such a difference can cause great
confusion, lack of understanding and lack of trust in the regulator.

Difference in exemption levels between states can make management of mineral exports
very difficult, when certain minerals may be exempt in some countries and not in others.

So far we have discussed exemption as applied to substances however, there are also
anomalies related to exemption of activities. The BSS[1] refers to an effective dose of lOuSv
per annum as that necessary to warrant exemption.

In some mining areas the natural background levels may be high - up to
2000uSv/annum. Exposure to such radiation levels has been accepted by the local population
who live is such areas. A practise contributing 20 uSv/A to a member of the public would not
be exempt according to BSS criteria, however the increase in dose could be from 2000uSv/A
to 2020uSv/A - a 1 % increase in the risk level which might be considered trivial under such
circumstances, especially considering that the errors in measurement accuracy would be
greater than this. It might be considered that in the cases of naturally occurring materials the
exemption levels might be related to the natural variation in global background levels. For
example an exemption level could be quoted as a fraction of the global or regional background
level.

From the above discussion we have seen three different methods of applying exemption
levels:-

(1) Based on BSS recommended levels
(2) Based on local regulators recommendation
(3) An alternative proposal based on a relationship to local background levels.

3.3. Clearance Levels

Clearance levels as defined in the BSS[1] refers to the release of substances from
regulatory control. Within the mining and minerals industry this concept would be applied to
the disposal of solid process wastes such as tails, gaseous and liquid emissions or
contaminated solid wastes such as scrap steel.

The nature of these wastes or discharges vary considerably depending on the nature of
the ores being processed. In general, hydrometallurgical processes have the potential to
produce high nuclide levels in liquid discharges because of the mobility induced by chemical
dissolution of the ores. Mineral processing techniques which rely on the physical properties
of the ores rarely produce liquid discharges of concern. However because of the huge variety
of processes, ore types and interaction between them there can be no consistency on clearance
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levels across all types of mining and minerals industries. A good example of this would be
clearance levels for liquid effluent. It might be reasonable to set the clearance levels for
liquid effluents to mirror the natural variations in local surface or ground waters. Under these
conditions a member of the public would receive no increase in dose over which he/she would
receive from natural waters. However the clearance levels would then differ from one area to
another in line with natural variations in chemistry of the waters and it would not be possible
to set a national level for clearance of liquid effluent. Conversely the use of a national
clearance level for liquid effluents could place undue burden on some practices and not on
others.

South African regulatory bodies originally gave a clearance level of lm Bq/d for
licensed mine sites - this has now been removed and replaced by the level which will produce
a public dose of 250uSv/a, when combined with other contributors to public dose.

A similar situation arises with gaseous emissions due to the wide variation in the
meterological conditions which control dispersion of emissions from a site. Obviously the
dose to the critical population group can be back calculated to the discharge levels via a
dispersion model. However there will be no uniform clearance level on a national basis, it
should by necessity be site specific.

South Africa does presently not have clearance levels for mine tails. Such clearance
levels for solid process wastes containing long lived radionuclides are more difficult to define
because such materials will be in existence long after the practice has ceased to exist. Most
mine process wastes are in very large quantities - millions of tons. Consequently it is not
possible to place these wastes in a position totally inaccessible to the public. Even if the waste
stockpile designs and controls are sufficient to achieve the required dose to the public, the risk
of intrusion will always be there into the future. The question then becomes is there an
activity concentration which could be used for a mine solid waste stockpile which would meet
the dose requirements to the public even if intrusion occurred. Both the BSS, the local
regulator and the Safety Standard for transport of radioactive materials, give levels of activity
concentration for exemption which could be used directly as clearance levels.

Alternatively assuming that an institutional control body is established and the stockpile
design is approved by this body. The clearance levels could be set at the maximum level
allowed into the dump commensurate with the public exposure criteria. This approach however
would make it difficult to apply on a national basis, as each site would be different.

In terms of scrap metal, rubber, refractories etc clearance levels for such materials would
depend on their destination. For on site disposal the clearance levels could be the same as set
for the process waste stockpiles provided the scrap is buried in such stockpiles which will
eventually be under institutional control. Alternatively the standard set in the IAEA document
- ST1[2] - on transportation could be used as clearance levels i.e. 0.4 Bq/cm2 where U and Th
decay chains in equilibrium occur and where no equilibrium is in place 0.4 Bq/cm2 for P and
y and 0.04 Bq/cm2 for alpha's. Technical Report No.362[5] reports clearance levels of 2
Bq/cm2. South African legislation quotes clearance levels of 0.04 Bq/cm2 for UNAT and ThNAT

Clearly the situation is confused by a plethora of numbers.
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4. CASE STUDY - HEAVY MINERALS OPERATIONS

4.1. Mine Tailings Management

In this example the mine in question expects to produce approximately 60 million tons
of tails during its life. The activity of the tailings is shown below:-

U238 0.5 - 2.0 Bq/gm
Th232 1.0 - 4.0 Bq/gm

Both uranium and thorium chains are in equilibrium.

The minerals contained within the tails are in the same physical and chemical form as
in the original ore. The radionuclides do not leach from the minerals under normal
environmental conditions. The particle size of the minerals is greater than 75 microns. The
radon emanation fractions are <0.006.

South Africa does not have clearance levels for mine tails however, if exemption levels
can be considered and based on currently available information there could be four methods
to manage this material within regulatory constraints.

(1) If the BSS exemption levels could be used i.e. 1 Bq/gm the tailings could be diluted with
barren material in a ratio of 1:4 to bring the activity below the lBq/gm level. This
would require 240m tons of barren material. Dilution is a reasonable approach in this
case as the minerals in the tails are in exactly the same chemical and physical form as
they were in the original ore. They were subjected only to physical separation processes
and no chemical treatment.

(2) Using the South African exemption criteria of 0.2 Bq/gm, again barren material could
be blended with the tailings to reduce the activity to below 0.2 Bq/gm. This would
require 1.2 billion tons of barren material.

(3) The IAEA code for safe transport of radioactive materials gives an exemption level in
the case of naturally occurring substances of lOBq/gm UNAT or ThNAT. Using this as a
clearance level the tailings would not be subject to regulations.

(4) The tailings could be dumped in a shallow surface depression and covered with 1 - 2
metres of barren material. This would reduce the dose to the public to 250 (iSv/A
which is the South African dose limit.

Option 1 and 2 would be costly because of the huge quantities of barren material
required for blending. Option 3 would remove the tailings from nuclear regulatory control
completely. Option 4 is the one being actively pursued however this will require institutional
control of the dump to prevent unauthorised intrusion.

5. SUMMARY OF ISSUES CAUSING CONFUSION

(1) Exemption and exclusion levels do not seem to be related by a common risk principle.
A 2000 u.Sv/annum exclusion level could result in an acceptable exposure while a 20
uSv/annum exposure would not be acceptable as an exemption level according to the
BSS.
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(2) Exemption levels applied to substances do not show consistency. The BSS recommends
1 Bq/gm for UNAT or ThNAT while South Africa for example uses 0.2 Bq/gm.

(3) Clearance levels for liquid discharges may be set according to site specific conditions.
This seems more logical than an arbitrary clearance level set on a national or
international basis.

(4) Clearance levels for gaseous discharges require localised meterological data to provide
a relationship to public dose. It seems that clearance for such emissions would also be
better set on a site specific basis.

(5) Clearance levels for solid waste such as mine tails could be obtained by:

(1) Using B.S.S. exemption levels
(2) Using local regulators exemption level
(3) Using the transport code exemption level.
(4) Using the maximum activity concentration which would result in the required

public dose limit, for the dump design in question.

The use of exemption levels as clearance levels could be considered.

(6) The clearance for scrap metal and such materials tends to be based on contamination
levels set in the transport code ST-1[2]. The use of the term "low toxicity alphas" is
interpreted as referring to UNAT and ThNAT in equilibrium. This interpretation is not held
by all parties. This contributes to a lack of consistency in regulatory clearance levels for
scrap.

(7) The application of different standards by national regulators can place differing
economic pressures on the global mining industry - giving undue advantage to particular
sectors and distortion of free market economics.

6. PROPOSALS

(1) The risks accepted by society in setting exclusion levels in high background areas should
be parallelled in determining exemption levels.

(2) Exemption levels should be set with consideration for global background variations.
(3) Improved consistency in exemption levels between international bodies and member

states.
(4) Clearance levels for liquid and gaseous emissions should be site specific.
(5) National or international levels for clearance of naturally occurring radionuclides in mine

tails may be considered.
(6) Improved consistency in the clearance levels used for scrap with specific reference to

7. CONCLUSIONS

Many non uranium mining operations experience levels of radioactivity not greatly
different from background levels. The logic used for defining exclusion, exemption and
clearance could be refined when dealing with low levels of radioactivity from naturally
occurring substances. This need becomes more real when considering that similar low levels
of radioactivity could be experienced in other more common areas of human endeavour such
as agriculture, property and recreational development. Improved consistency between
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member states is urgently required to prevent a distortion of free market principles due to
inconsistent regulation.
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Abstract

Although South Africa has no primary uranium mines, a major portion of its very large mining industry
involves minerals with moderately elevated levels of naturally-occurring radionuclides, typical of elevated
levels found in similar mineral deposits worldwide. Evidence both locally and internationally suggests that,
where radioactive elements are not concentrated or extracted, such operations cannot normally give rise to
undue radiological risks. The concept of exclusion should therefore play the major role in establishing which
minerals-related operations should be subject to regulatory control, but exclusion criteria, which tend to be
numerical rather than descriptive, vary widely between countries - in South Africa, very little is excluded
and opportunities for granting exemptions are limited. The need for exemptions and clearance would be
reduced if more extensive use of the exclusion concept were made, but it is nevertheless important to have
better guidance on determining appropriate numerical exemption and clearance criteria - again, there are
currently wide variations between countries, one example being the surface activity clearance levels for the
reuse or recycling of uranium-contaminated items. Two examples , relating to gold mining tailings disposal
and recycling of contaminated scrap steel respectively, are used to illustrate the difficulties that have arisen
in South Africa on the clearance of low activity materials from the mining and minerals industry. Radon is
identified as requiring separate consideration, and is the one area where more specific international
guidance, based on action levels for intervention, is available. The action level for workplaces
recommended by the IAEA would appear to represent a common basis for exclusion and exemption with
respect to radon exposures from mining and minerals operations. For public exposures, the corresponding
action level for homes, although not specifically intended for dealing with radon from nearby mine residues,
may also be an appropriate consideration. Alternatively, an action level based on outdoor radon
concentrations could be used.

1. INTRODUCTION

South Africa has a very large and diverse mining and minerals processing industry that
contributes substantially to the domestic economy, as well as to the economies of neighbouring
countries. This is illustrated by the following statistics for 1995 [1]:

Total mineral sales of nearly 57 billion Rand (about US$13 billion).
A contribution of about 17% to Gross Domestic Product, taking indirect multiplier effects
into account.
A contribution of 41.7 % to foreign exchange earnings (more than half of which came from
the gold sector).
Employment of about 600 000 workers (including 377 000 in gold mining), or about 6% of
those in formal employment within the South African economy.

Many of the mineral deposits currently exploited in South Africa contain levels of
naturally-occurring radioactivity that may be elevated above those in normal soil and rock, but are
still very low in comparison with those in uranium mines. These include gold, mineral sands,
copper, phosphate rock, fluorspar, coal and quarry stone. Uranium is produced only as a by-
product in association with gold and copper. Some examples of elevated activity concentrations of
individual radionuclides in these minerals are given in Table I.

These levels of radioactivity are very much in line with those found in minerals
exploitation operations (other than uranium mining) in other countries. This can be seen from a
comparison with Table n , which has been generated from data obtained from UNSCEAR
publications [2,3] (and which also gives some information on radiation doses). The issues being
faced in South Africa with regard to determining the extent and nature of nuclear regulation of such
operations are therefore fairly typical of similar issues faced in other countries.
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TABLE I. EXAMPLES OF ELEVATED LEVELS OF RADIOACTIVITY IN CURRENTLY
EXPLOITED SOUTH AFRICAN MINERALS

TYPE OF
MINERAL
EXPLOITED

Gold
Copper
Coal
Quarry stone

Average
1.4
0.4

0.036

TYPICAL
V (Bq/g)

Range"
0.1 to 5

0.015 to 0.060
0.023 to 0.14

ACTIVITY

Average

0.4
0.036

CONCENTRATIONS
i (Bq/g) 222Rn

Range" Average

350

0.019 to 0.061 90
0.034 to 0.20

(Bq/m3)
Range"

60 to 1100

45 to 215

1 Ranges relate to mine average values. More extreme values are found within individual mines

TABLE H. RADIOLOGICAL CHARACTERISTICS OF SOME NATURALLY
OCCURRING RADIOACTIVE MATERIALS (Derived from [2,3])

MINERAL

Non-coal,
non-U ores

Coal

Phosphate
rock

PROCESS OR
USE

Underground
mining

Mineral sands
(Australia)
Underground
mining

Escaping fly ash
from coal-fired
power stations

Use of coal ash in
concrete for
homes

Mining and
milling

Elemental
phosphorus plant

Discharge of
phosphogypsum
into rivers

Use of phosphate
fertilizers

Use of phospho-
gypsum in homes

Use of calcium
silicate slag for
concrete in homes

TYPICAL ACTIVITY
CONCENTRATION

Bq/g unless stated
60 to 1350 Bq/m3 (^Rn)

0.04 f U ) ;
0.06 to 0.2 f^Th)

0.01 to 0.1 (^U, 232Th)
20 to 250 Bq/m3 (^Rn)

0.2 C38U); 0.24 (^Ra);
0.93CiOPb); 1.7("°Po);

0.07 (^Th); 0.11 (^Th);
0.13 (*28Ra)

0.15 (238U,232Th)

1.5 (^U)

-

-

1.7 to 9.2 H J )
0.48 to 1.7 (^Ra)

0.9 f26Ra)

1.3to2.2(226Ra)

ESTIMATES OF INCREMENTAL DOSE

PUBLIC

~ 1 (iSv/a to «1 mSv/a
dep. on controls

-

^20 nSv/a (old plant)
<1 nSv/a (new plant)

20 to 70 ̂ Sv/a gamma
-300 to +40nSv/aRn

progeny

-

<40 nSv/a

£60 to £150 nSv/a

-

70 nGy/h gamma
600 î Sv/a Rn progeny

<200 to <300 nGy/h
gamma

WORKERS
0.3 to 8 mSv/a

£1.3 mSv/a

£0.15mSv/a

-

0.1 to0.3mSv/a
gamma

0.6 to 4 mSv/a
Rn progeny

-

-

1 nGy/h gamma

-

-
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Decisions on the nature and extent of nuclear regulatory control can be crucial for many
minerals producers competing in world commodity markets, because the costs that inevitably come
with increased regulation cannot simply be passed on in the form of higher selling prices. For
South Africa, this is particularly true because some 70% of its mineral sales are derived from ores
that contain moderately elevated levels of radioactivity. With no primary uranium mines and only a
small nuclear industry, the scale of nuclear regulatory control in South Africa becomes
predominantly a question of the extent to which minerals producers are drawn into the regulatory
net. In view of the possible social and economic considerations involved, this becomes a question
of national importance.

Against this background, operators in the South African mining and minerals processing
industry are concerned that insufficient guidance is available internationally on the application of
the principles of exclusion, exemption and clearance to this area of human activity. The purpose of
this paper is to illustrate those concerns and to suggest ways in which the situation could be
improved through elaboration of the relevant international principles.

2. EXCLUSION FROM THE SCOPE OF REGULATORY PROVISIONS

The IAEA bases the criterion for exclusion simply on whether the exposure is unamenable
to control [4], but the example given of excluded exposures, namely those from "unmodified
concentrations of radionuclides in most raw materials" provides only limited guidance in applying
the exclusion concept to mining and minerals processing operations. A CEC publication [5], in
referring to limits "beyond which the law cannot apply and consequently cannot regulate", goes on
to describe exclusion also as "a social decision to refrain from including subjects and
situations where regulatory control would prove difficult or even unrealistic". Although a little
more helpful, this still does not provide definitive guidance.

Significantly, none of the above descriptions of the exclusion concept make any reference
to numerical quantities such as risk, dose or activity concentration, implying that exclusion should
be concerned more with practical considerations. However, in the absence of more specific
guidance, there is a tendency for exclusion to be based purely on numerical criteria - these vary
widely from country to country.

In UK legislation, for example, solid substances containing natural uranium, thorium and
their decay products are excluded from the scope o£ regulatory instruments if the activity
concentrations do not exceed values ranging from 0.37 Bq/g (Ac, Po, Pa and Ra) to 11.1 Bq/g (U)
[6], whereas in South Africa a generic exclusion level of 0.2 Bq/g applies to each radionuclide
associated with these elements [7]. Referring to Tables I and n above, it can be seen that this
variation can have a profound effect on what types of minerals-related operations become included
within the scope of regulatory provisions.

For South Africa, the full implications of the 0.2 Bq/g exclusion level are still being
assessed (with the requirements for nuclear licence applications accordingly having to be phased in
over a five year period), but it is quite possible that many soils and rocks, coal ash, and natural
materials used routinely in the construction industry or as fertilizers may have to become included
within the scope of nuclear regulatory instruments. It would also appear that the majority of
underground mines, perhaps even coal mines, must be included because of the possibility of radon
concentrations in air exceeding 0.2 Bq/g (« 200 Bq/m3), if only at certain locations within a given
mine.

From the information given in Table II, it would appear that as long as the radioactive
materials concerned are not specifically extracted as products in concentrated form, such as the
production of uranium as part of the nuclear fuel cycle, there is little possibility of non-radon doses
exceeding a fraction of 1 mSv/a in the case of public exposure, or about 1 mSv/a in the case of
worker exposure. For exposures to radon progeny, annual doses to workers could reach a few
mSv, but only in a small number of cases will radon concentrations exceed the IAEA action level
of 1000 Bq/m3 [4] - in such instances, intervention with the aim of reducing radon concentrations
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to below the action level, as prescribed in the Basic Safety Standards [4], could well avoid the need
for such operations to be regulated as practices.

There appears to be a strong case, therefore, for excluding most of such operations on
some generic basis, and this indeed seems to be what was intended in the recommendations and
standards of the ICRP [8] and IAEA [4]. However, without guidance on how to go about this,
situations such as that in South Africa develop where virtually nothing is excluded, and the only
available means of limiting the extent of regulatory control is through the principles of exemption
on a case-by-case basis. This is considered to be a crude approach that tends to unnecessarily tie up
large regulatory and commercial resources.

One suggestion to address this situation is to formulate guidance to Member States along
the lines that - except where radioactive materials are concentrated and extracted, such as uranium
for nuclear fuel - all operations involving naturally-occurring radioactive minerals should first be
automatically excluded from the scope of regulatory provisions. Then, a limited number of
individual operations may be specifically included, as necessitated by any inherent radiation
hazards significant enough to warrant control.

Guidance then needs to be given by the IAEA to assist Member States in deciding upon
which operations should be included. For exposures to radon in workplaces, emphasis should be
placed on the IAEA action level of 1000 Bq/m3 (or, if appropriate, some other level equivalent to a
dose of about 6 mSv/a), which serves effectively as an exclusion level. For public exposures to
radon, the IAEA action level for intervention in homes could be used, i.e. 200 to 600 Bq/m3 [4].
Alternatively, an outdoor radon concentration could be chosen, such as that understood to have
been incorporated into German regulations as an action level for intervention with respect to radon
from the Wismut mining residues [9] - here, remedial action is considered if the outdoor radon
concentration at populated locations (including background) exceeds 80 Bq/m3 and if in turn the
contribution from the mining residues is found to exceed 50 Bq/m3.

For non-radon exposures, the guidance should be specific to particular types of operation,
and could be in the form of activity concentrations or doses. If necessary, further co-ordinated
research should be conducted to develop such guidance.

3. EXEMPTION FROM REGULATORY CONTROL

The guidance exemption levels given in Table I-I of Schedule I of the Basic Safety
Standards [4] are not applicable to bulk amounts of material containing naturally-occurring
radionuclides, as occurring in mining and minerals processing operations. It is implied that, to a
large extent, these will have been dealt with descriptively rather than quantitatively under the
principles of exclusion, but this is not as clear as it perhaps should be. Implementation of the IAEA
principles on exemption is therefore limited to either (a) using as exemption criteria the de minimis
values of dose applicable to exemption without further consideration (i.e. of the order of 10/iSv/a
for individual dose and, if applicable, 1 man-Sv in a year for collective dose), or (b) making
judgements on the levels of individual risks and collective radiological impacts that warrant
regulatory control in the particular circumstances.

Option (a) is relatively straightforward, but may turn out to be highly over-restrictive,
leading to excessive deployment of regulatory resources. Option (b) requires the regulator to make
judgements which - in the absence of international guidance, and depending on individual
regulatory approaches - could give rise to large inconsistencies between countries.

Quoting again the UK example, naturally-occurring solid or liquid radioactive material is in
that country unconditionally exempted from regulatory control if the activity concentrations of Ac,
Pb, Po, Pa, Ra, Th and U each do not exceed 15 Bq/g [10]. From Table II, it can be seen that this
effectively would exempt all non-uranium mining and minerals processing operations except where
control of radon might be required.
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In South Africa, there are no legislated exemption levels, except for the restriction that the
regulator may not exempt a person from a nuclear licence requirement unless [7]:

the activity concentration (all radionuclides combined) is less than 100 Bq/g and the total
activity involved in a year is less than 10 000 Bq, or
individual doses are less than 1 mSv/a.

Since, for mining and minerals processing, the total activity involved in a year will always
be more than 10 000 Bq, the limitation on dose becomes the only avenue available for seeking
exemption. Apart from the considerable effort required on the part of operators to convincingly
demonstrate compliance with the 1 mSv/a criterion, many underground workplaces - including
coal mines - will probably be unable to satisfy such a requirement simply because of radon.
Assuming an annual exposure time of 2000 h and an equilibrium factor of 0.4, an annual dose of
1 mSv will be equivalent to a radon concentration of only 160 Bq/m3 [11]. This is even less than
the exclusion level («200 Bq/m3), which accordingly becomes the determining factor.

To help in avoiding such inconsistencies in the interpretation of the IAEA exemption
principles in the mining and minerals processing industries, it is suggested that the following
guidance be provided:

The need for relying on exemption should be avoided as far as possible by making
maximum use of exclusion principles to eliminate those operations (or parts of an operation
in cases where radioactive by-products are extracted) that do not require regulatory control.

In the particular case of radon exposures, the action levels for workers and for the public,
as discussed above, are essentially exclusion levels and should be used to define the scope
of regulatory control. There should therefore be no need to introduce separate exemption
levels for radon.

In the case of non-radon exposures, for the few cases not adequately covered by the
application of exclusion principles, the numerical criteria should probably be based on
dose, and developed to suit the local circumstances. Factors to be taken into consideration
should be the number of exposed individuals involved, the possibility of overlapping
exempted practices, and the costs to society and the likely reduction in doses that could be
reasonably achieved should exemption not be granted. The establishment of more detailed
international guidance in this area would be a welcome development.

4. CLEARANCE FROM REGULATORY CONTROL

In the Basic Safety Standards [4], clearance levels are linked to exemption levels and, in
particular, may not be set higher than exemption levels. Thus, the difficulties described above with
respect to the application of exemption principles to mining and minerals processing operations will
arise equally with respect to the application of clearance principles.

It can be argued that the problem could be largely circumvented if more effective use were
made of exclusion principles, since this would help to ensure that operations that inherently could
not deliver doses causing undue risks to workers and the public did not get drawn into the
regulatory process in the first place.

The following examples illustrate some of the experiences in the South African gold mining
industry with respect to clearance of materials from regulatory control.
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4.1 Gold mine tailings

The concept of clearance takes on particular significance when considering the management
of mine tailings, since the quantities involved are so huge that disposal methods applicable to
normal radioactive waste are just not practical. The South African gold mining industry produces
over 100 million tons of slightly radioactive tailings every year, with the total amount generated to
date amounting to about 5 billion tons. Average uranium-238 and radium-226 activity
concentrations in individual tailings dams range from about 0.1 to 5_Bq/g, although values within a
particular dam may vary by 300 to 400 per cent. Some dams may have depleted levels of uranium
as a result of uranium having been extracted as a by-product, a practice that was more prevalent in
the past when uranium prices were higher (uranium recovery from gold mining operations declined
from a peak of 39% in 1983 to 11 % in 1995 [1]).

The radiological impact of the gold tailings is the subject of ongoing investigations,
particularly because many tailings dams are situated close to populated areas. Indications so far are
that radon is the most significant source of radiation exposure to members of the public, although
exposures from airborne dust and contamination of water resources may in some instances warrant
attention.

Systematic programmes of radon determinations around the tailings dams are only just
starting, but determinations involving various modelling techniques and direct integrated
measurements have been made in the past on a less systematic basis. Because of the variety of
determination techniques used, as well as major factors such as wind direction and the proximity of
surrounding tailings dams, the radon concentrations are highly variable and, within about the first
3 km, show no obvious dependence on the distance from the nearest tailings dam. (Beyond this
range, radon levels tended to approach background levels fairly quickly). At this stage, therefore,
only a very crude assessment is possible, as shown in Figure 1, in which the radon concentrations
(measured and modelled) are depicted as simple distributions1.

The average radon concentrations are 62 Bq/m3 (measured) and 49 Bq/m3 (modelled). It is
also worth noting that the majority of the radon concentration measurements (89%) fall below the
German action level of 80 Bq/m3 for intervention with respect to the Wismut residues [9].

Some integrated indoor radon measurements have also been conducted near one very large
gold mine. The mine has seven tailings dams, and is one of three South African gold mines still
producing uranium as a gold mining by-product. The measurements were conducted in residential
buildings within the mine lease area, most of which were - like the outdoor locations mentioned
above - within 3 km of the nearest tailings dam. The results are shown in Figure 2. By
comparison with Figure 1, it can be seen that the indoor radon concentrations do not differ
substantially from outdoor concentrations. This is to be expected because South African homes are
generally well ventilated. The average indoor radon concentration was about 50 Bq/m3, which is
not much above the worldwide average in homes (40 Bq/m3) [3] and far below the range of
recommended action levels for dwellings [4].

In the light of the above, it would appear that, at least in terms of radon exposures to the
public, the tailings dams on South African gold mines are unlikely to pose any radiological risk
that would be considered unacceptable by international standards. If a more detailed risk
assessment exercise were to confirm that this is indeed the case, then normal practical precautions
applied to any tailings dam, such as run-off and seepage water control, erosion control and
restriction of public access, should prove sufficient to ensure future safety.

1 The radon concentrations obtained by direct measurement include contributions from other nearby sources
such as upcast shafts and waste rock piles, but such contributions have been shown to be relatively minor. In
the case of modelling, a background radon concentration had to be established in order to be able to
compare the modelling results with direct measurements. It was found that an assumed background of
between 25 and 30 Bq/m3 gave the best agreement between the modelling results and direct measurements
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FIG. 1. Outdoor radon concentrations at locations within about 3 km of the edges of gold tailings
dams
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FIG. 2. Indoor radon concentrations close to tailings dams at one large gold mine
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In terms of South African law, however, the tailings are classified as radioactive material
regulated under a nuclear licence, and the licensee remains responsible until either a nuclear licence
is granted to some other person or the regulator states in writing that the risk of nuclear damage
"no longer exceeds the limits consistent with the safeguarding of persons". With respect to the
latter, the limits referred to are not specified in writing, but are generally understood to be
equivalent to a radiation dose of 250 jiSv/a - this is the public dose limit currently applicable to
each licensed facility in South Africa.

For radon exposures, a dose of 250 /iSv/a would be equivalent to a radon concentration of
about 10 Bq/m3 above natural background, assuming equal indoor and outdoor concentrations,
equilibrium factors of 0.4 and 0.8 respectively, and indoor-to-outdoor exposure times in the ratio
4:1 [11]. Allowing for small additional exposures from airborne dust and contamination of water,
the incremental radon concentration would have to be even lower than 10 Bq/m3. Although, as
shown above, current radon concentrations in the vicinity of the tailings dams appear to be modest,
representing doses to the public of the order of 1 mSv/a, they are still several times higher than the
effective clearance level of «10 Bq/m3.

Thus, an operator will never be able to obtain release from his legal obligations, including
unlimited liability for nuclear damage, unless measures are taken to substantially reduce radon
exhalation rates to the point where the tailings would qualify for clearance under South African
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law. The total land area covered by South African gold tailings is of the order of 100 km2. To
provide properly engineered radon barriers over an area of this size, at a nominal cost equivalent
to, say, US$40/m2, would involve a total expenditure equivalent to about US$4 billion. Such a cost
is unaffordable, regardless of whether borne by the gold mining industry or the State, and would in
any case represent an unproductive use of money.

From the operators' perspective, the fact that a dilemma such as this has arisen suggests
that more detailed guidance is required in establishing clearance levels for large volumes of mildly
radioactive mine tailings. As far as radon is concerned, the action levels now adopted in Germany
for intervention in respect of the Wismut mining residues (80 Bq/m3 including background or, if
this is exceeded, 50 Bq/m3 excluding background [9]) could be regarded as forming an excellent
basis for the development of guidance on the clearance of mine tailings from regulatory control.
This would be particularly relevant in cases such as that in South Africa where the tailings existed
long before the implementation of current regulatory controls and where, as a result, it could be
argued that the situation should be treated as an intervention (as opposed to new tailings dams,
which would be treated as a practice).

4.2 Recycling of radioactively contaminated scrap steel by melting

About 60 0001 of scrap steel, the surfaces of which are contaminated with uranium-
containing material at an average p surface activity concentration of 0.48 Bq/cm2, is sent annually
for recycling at a central melting facility by South African mines (approximately 30 gold mines and
one copper mine). This represents 20% of the total steel melted at that facility, the rest being
essentially uncontaminated. The contaminated and uncontaminated portions of the scrap are mixed
at random before melting. A small amount of more highly contaminated scrap steel from the
uranium extraction process and associated sulphuric acid plants is also produced, but this is
presently excluded from the recycling process.

When nuclear regulatory controls started to be applied to these mines some 4 to 5 years
ago, release of contaminated scrap from licensed mine properties was prohibited unless it could be
demonstrated that the surface contamination levels did not exceed 0.04 Bq/cm2 (alpha) and
0.4 Bq/cm2 (beta). The reason why these particular values were chosen is not totally clear, but it
was apparent that they represented the lowest of any values applied in other countries. A scan of
the literature at that time showed that clearance levels (measured over an area of 100 cm2) ranged
from 0.05 to 20 Bq/cm2 in other countries (see for instance [12]). This wide variation suggests that
some international guidance on surface contamination clearance levels specific to the mining and
minerals processing industry would be useful.

The imposition of these restrictions on South African mines threatened to cause major
hardships, and an interim authorization was granted to allow at least some of the scrap to continue
to be recycled, with the central processing and melting facilities having in the meantime been
brought under regulatory control. Only now, after four years, has it become possible for all the
scrap steel to be recycled because, to obtain regulatory approval, it was necessary to conduct a full
scale melting experiment, to quantify the surface contamination levels involved, and to carry out
risk assessments for the scrap transport, processing and melting operations, and consumer use of
the product steel. The risk assessments, although based on conservative assumptions, indicated that
the maximum doses to workers and the public were 14 ^Sv/a during transport, 4 /iSv/a during
processing and melting, and between 1 and 4 /xSv/a arising from consumer use of the recycled
steel. The maximum collective dose in a year was estimated to be between 0.2 and 0.5 man-Sv.

It may be noted that, despite the very limited doses possible during transport of the scrap,
the classification of the scrap as SCO material in terms of the IAEA Transport Regulations [13]
caused great difficulties. Although all the readily removable contaminant was assumed to have been
removed by washing before leaving the mine, the remaining contaminant was still regarded by the
regulator as loosely attached because of rough handling during transport. According to the
frequency distribution established for surface p activity, about 2% of the scrap was predicted to



have a surface p activity exceeding 4 Bq/cm2. Mines were faced with the choice of either
monitoring every item and segregating those items exceeding this surface activity level, or treating
all the scrap as SCO-II and transporting it in Type IP-2 industrial packages. Both options were
regarded as impractical.

However, by treating the scrap as a mixture of uncontaminated steel and LSA-I material
(uranium ore or concentrates of such ore), it was possible not only to transport the scrap
unpackaged but to define 98.5% of the material as qualifying for exclusion from the Transport
Regulations. This highlights an inconsistency in the criteria for exclusion from the Transport
Regulations when considering mining and minerals processing operations, depending on whether
bulk radioactive material or surface contamination is considered.

The example given here in respect of contaminated scrap steel again illustrates that, for
mining and minerals processing operations involving moderately elevated radioactivity levels, there
is a need for some generic guidance that would avoid having to conduct major risk assessment
exercises, where such exercises serve only to confirm that the risks are of no regulatory concern.

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Non-radon exposures

5.1.1 Exclusion

It goes without saying that primary uranium and thorium mining and ore processing (as
well as extraction of those elements as secondary products from low grade ores) should always be
included in the scope of regulatory provisions.

Where uranium or thorium are not deliberately concentrated and/or extracted, it would
appear that most operations involving minerals with elevated levels of naturally-occurring
radionuclides are inherently unlikely to result in non-radon exposures that will lead to undue risks
to workers or the public. This includes waste management operations as well as recycling of scrap
steel, although normal environmental management precautions should, as a matter of course, be
taken with respect to tailings. From South African experience, the above argument would seem to
be valid for minerals with uranium or thorium activity concentrations of up to about 5 Bq/g. Few
mineral deposits other than those exploited primarily for uranium are likely to exceed this level.
There is therefore a strong case for suggesting that such minerals operations should, in the first
instance, be generically excluded unless radon concentrations exceed the relevant action levels for
chronic exposure. It would then be up to individual countries to decide which of their operations, if
any, needed to be specifically included on the basis of non-radon exposures. Further co-ordinated
research may be required to help determine the appropriate criteria governing such decisions.

Guidance specific to mining and minerals processing operations needs to be given
regarding the scope of application of the IAEA Transport Regulations to the transport of uranium-
contaminated items, to avoid unnecessary controls. Treating the contaminant as LSA-I material in
its own right is not the most elegant of approaches, but may be the best practical solution.

5.1.2 Exemption and clearance

By making more use of the exclusion concept, less reliance would need to be placed on
exemption and clearance. However, guidance on the selection of suitable numerical criteria for
non-radon exposures, taking local circumstances into account, still needs to be developed. Taking
the easy option of adopting the values for 'exemption without further consideration' could lead to
the inefficient application of regulatory and commercial resources.

Particular attention needs to be given to the unconditional clearance of uranium-
contaminated items from mining and ore processing operations in order to bring about a degree of
harmonization of surface activity clearance levels adopted in different countries.
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5.2 Radon exposures

Identical criteria should be used as the bases for both exclusion and exemption. For
workplaces, the exclusion/exemption level should be the action level already stipulated by the
IAEA, i.e. a radon concentration of 1000 Bq/m3.

Radon exposures to the public are particularly relevant in the case of mine tailings because
the large tailings volumes often require that they remain indefinitely as above-ground
impoundments. Current IAEA guidance relates essentially to intervention in the case of radon
permeating through the floors and walls of dwellings. Additional guidance in respect of radon
originating from nearby mining residues is therefore needed, and could be based on the IAEA
indoor radon action level of 200 to 600 Bq/m3 [4] or on an outdoor action level as is the case in
Germany [9].
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ABSTRACT

The new Basic Safety Standards (BSS) for protection against ionizing radiation and
for the safety of radiation sources [1] contain nuclide specific exemption levels on repor-
ting. In many cases, these exemption levels differ orders of magnitude, higher or lower,
compared to those from the old standards. For the natural radionuclides, the exempted
specific activity is much lower (10 or even 1 Bq/g, depending on the radionuclide,
compared to 500 Bq/g in the old BSS). As a consequence, industrial activities with certain
minerals or raw materials containing elevated concentrations of radionuciides, which were
exempted from the radiation protection control system under the old BSS, may have to be
declared as radiologically relevant activities and may now come under regulatory control.
Examples of these activities are the phosphate ore processing, the refining of a number of
metals, the use of slag, and the oil and natural gas production. This might give rise, in
some cases, to large volumes of waste which should be treated, conditioned and disposed
of in a controlled way. For artificial radionuclides with higher exemption levels, the use of
such radionuclides for industrial, medical or research purposes, such as tracers, sealed
sources and beta lights, may increase considerably without being controlled any longer by
the regulatory system.

1. INTRODUCTION

For practical radiation protection it is useful to specify levels of radioactivities and
specific radioactivities below which practices are allowed without regulatory control. In the
old BSS only generic values are given. The nuclide specific exemption levels in the new
BSS are based on calculations using several scenarios for exposure of workers and
members of the public to radioactive materials. The criterion used for calculating the levels
is a radiation dose of 10 nSv.a'1, which is regarded as being a trivial dose [2]. The same
values are used in the revised Directive of the European Council (the Euratom BSS) [3] as
the exemption levels for reporting. This Directive, which is published in May 1996, should
be implemented in the national regulations of the Member States of the European Union
within 4 years after publication, i.e. before May 2000.

The calculations were carried out for moderate quantities of radioactive substances
only, being defined as sources smaller than 1 m3. Both exemption levels, the absolute
value of radioactivity as well as the specific activity, have to be exceeded before reporting
of a material is required. It is evident that in industries using raw materials or producing
waste with natural radionuclides in enhanced concentrations, such a small volume is far
exceeded, as industrial stocks on hand are normally in the order of tons of material. The
numerical value of the reporting level for the activity in becquerel is in most cases a factor
1,000 higher than the numerical value for the reporting level of specific activity in becquerel
per gramme. Therefore, when the same exemption levels are to be applied for these
industries, the total amount of exempted activity will always be exceeded, thus determining
the specific activity as the restricting factor for exemption or clearance.

With respect to problems to be encountered in complying with the regulations related
to low activity material, a distinction is made in this paper between unintended use of
natural radioactivity, which is almost entirely related to the non-nuclear industry, and
intended use of radioactivity (artificial or natural), being of a more general nature for
industrial, medical and research practices.
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2. PROBLEMS WITH THE UNINTENDED USE OF NATURAL RADIOACTIVITY

All raw materials contain traces of natural radioactivity. Radiological problems
connected with the processing of uranium ore for the nuclear fuel cycle are well-known.
However, the processing of raw materials in various non-nuclear industries also generates
waste with concentrations of radionuclides from the natural uranium and thorium decay
chains that are not to be neglected. The resulting problems can be considerable as, in
general, large volumes of waste are involved.

According to the former BSS natural materials were exempt from regulatory control
when the radioactive concentration remained below 500 Bq.g'1 for natural radioactivity. A
short listing of the reporting levels as stated in the new BSS for some naturally occurring
radionuclides of the uranium and thorium decay chains is given in Table I. These levels
are substantially lower than the former ones. It is therefore to be foreseen that under the
new BSS, if the same numerical values are to be applied for clearance, large volumes of
waste produced by the non-nuclear industry have to be declared "radioactive".

In the revised Euratom BSS, specific attention has been paid to natural radiation
sources and Member States of the European Union are obliged to identify work activities
that may lead to a significant increase in exposure, both to workers and to members of the
public.

By order of the European Commission, KEMA has performed a study on the volumes
of waste containing natural radioactivity above the exemption levels, generated in the
European Union and on practical approaches for the management of such volumes [4].
The inventorization in the separate branches of the non-nuclear industry of possible
problems with waste yielded the following results.

2.1. Coal

The specific activity in coal is, in general, not high but there is a large variation in the
specific activity depending on the origin and even on the specific pit [5]. Measured specific
activities range from 1 to over 500 Bq.kg'1. As a rule of thumb, the specific activity in the
remaining ash after burning of the coal is a factor of 10 higher. Total consumption in the
EU of coal, brown coal and peat is about 300 Mton.a'1, resulting in about 30 Mton of ash
[6]. Most fly-ashes will be exempted from regulatory control as the specific activity remains
under the reporting level of 1 Bq.g'1. However, the few batches that exceed the reporting
level may make it necessary to set up a control and certification system for the radio-
activity of fly-ashes.

The amount of 30 Mton.a"1 of fly-ash makes reuse preferable to dumping, but the
radioactive components may make reuse more difficult. The radiation dose to workers at a
hypothetical dumping site of fly-ash has been calculated by Van der Lugt [7] at 0.12
mSv.a \ The dose by external radiation as a function of distance is given in figure 1 [8],
showing that a distance of 60 - 80 m should be taken into account for a dose of 10 p.Sv.a'1

to members of the population.

The use of fly-ash in construction materials for buildings leads to an additional
exposure by external irradiation and by inhalation of radon exhaled from the fly-ash [9].
When the level of 10 |iSv.a'1 is used as a criterion for an unrestricted practice in this
respect, the use of fly-ash in building materials might be subject to restrictions.
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Quantities and concentrations of natural radionuciides, specified in the BSS.
The suffix 'sec' means with the decay chain in secular equilibrium,
the suffix '+' means with oniy short living daughters in equilibrium.

Nuclide

U-238 series

U-238 sec

U-238+

Th-234+

U-234

Th-230

Ra-226+

Rn-222+

Pb-210+

Bi-210

Po-210

Th-232 series

Th-232 sec

Ra-228+

Ac-228

Th-228+

Ra-224+

Rn-220+

Pb-212+

Bi-212+

U-235 series

U-235+

Th-231

Pa-231

Ra-223+

Quantity (Bq)

103

10*

105

10*

10*

10*

108

10*

106

10*

103

10s

106

10*

105

107

105

105

10*

107

103

105

Concentration (Bq.g"1)

1

10

103

10

1

10

10

10

103

10

1

10

10
1

10

10*

10

10

10

103

1

102

2.2. Steel

Problems with radioactive waste in large quantities are encountered at some blast
furnaces, but do not occur at all installations. The total annual crude steel production in the
EU is about 130 million tons [10]. The content of natural radioactivity in ore is, in general,
less than 50 Bq.kg1. However, the volatile 210Po is largely released via stacks and the
large carry-overs give rise to environmental contaminations. Sludge produced at blast
furnaces contains varying concentrations of 210Pb, up to about 100 Bq.g"1. By radioactive
ingrowth 210Bi and 210Po are formed. The amount of contaminated blast furnace dust for the
EU is estimated at 260 ktons.a'1.
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Dlstanos from fly-ash disposal [m]

Fig. 1: Potential yearly dose from direct radiation as function of the distance from
the boundary of an uncovered fly-ash disposal site.
Site dimensions: (a) = 50x50x2.5 m3; (b) = 100x100x2.5 m3

2.3. Natural Gas and Oil

Radon enters natural gas in geological formations by diffusion from radium deposits.
Oil is often contaminated with radium salts. The radon concentration in natural gas
produced in the Netherlands and the Dutch section of the North Sea continental shelf is on
average 337 Bq.m"3 [4]. In addition to the gaseous radon, water with dissolved salts and
solid materials, like sand, are brought to the earth's surface. These latter substances are
separated in processing units, forming sludges and fixed scales. The deposits contain
radium and the decay products of radon with a specific activity in a wide range, up to
several hundreds of Bq/g 226Ra and/or 210Pb. The volume of waste produced per unit of
product is rather low. However, the large amounts of primary fossil fuels, produced in the
EU, leave a not insignificant volume of waste at the production sites, up to 10,000 m3.a'1.
This volume has to be stored in a final repository as a-active material.

If the radium content in scales is low, external radiation will hardly be measurable, but
the scales may nevertheless contain high concentrations of 210Pb. Careful measurements
are therefore always necessary during maintenance, to avoid contamination of workers and
other materials.

2.4. Phosphate

Table II gives a summary of the most important sources from which phosphate ore is
imported into the EU [5]. About 90% of the phosphate is used for fertilizer production.
Second best is the use in detergents.
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Table II Typical values of activity concentrations in phosphate ore.

Origin

Florida

South Carolina

Morocco

Kola

China

Specific Activity (Bq.kg'1

U-238 Ra-226

1500

4800

1700

90

150

1600

4800

1700

40

150

)
Th-232

16

78

30

90

25

2.4.1. Elemental phosphorus

A phosphorus plant near Flushing in the Netherlands has a production capacity of
80,000 ton.a'1 of phosphorus, which is nearly the total phosphorus production capacity in
the EU. The turnover of phosphate ore is 600,000 ton.a'1. The plant produces about
675,000 ton.a'1 of slag with an activity of about 1 Bq.g'1 of 238U and its progeny, in
equilibrium up to 210Pb. The slag is mainly used for road construction. Due to the high pro-
cess temperatures, the volatile nuclides 210Pb and 210Po escape. The dust from the fur-
naces is filtered and largely recycled to the sintering process. This recycling enriches the
dust up to 800 Bq.g"1 of 210Pb. Dust is partly extracted and processed to calcinate. The
volume of the calcinate amounts to 1000 ton.a"1 with an activity of up to 800 Bq.g"1 of 210Pb
and 60 Bq.g'1 of 210Po. By ingrowth the activity of 210Po will reach the activity of 210Pb within
a year. This is clearly radioactive waste, even under the old BSS.

The enrichment of radioactive materials in the process warrants radiation protection
measures to protect the workers from internal doses from inhalation of dust.

2.4.2. Phosphate fertilizers

The common process used for extracting phosphorus from ore for the production of
fertilizer is dissolution in sulfuric acid. The radioactive impurities in the ore are split into
different streams. Radium and its progeny are largely co-precipitated with calcium into
gypsum and released as a slurry into surface water or stored on land. Uranium and
thorium remain mostly in the phosphoric acid and get thereupon into the fertilizer. A typical
value for the specific 226Ra activity of gypsum is 0.7 Bq.g"1. The specific activity of the
fertilizer is proportional to the amount of P in the product. Values range from 0.3 - 3 Bq.g"1

for238U[11].

In the EU, yearly 6-7 MT of phosphogypsum is released directly into the sea and 8-11
MT is stored on dump sites [12]. Radioactive components dissolved in seawater give
negligible problems for the food chain. However, a significant part of the radium is
adsorbed on sediments, contaminating estuaries and giving problems when sediments are
used for landfill.

The radioactive components in fertilizers rhay cause a not insignificant dose to
workers, up to 2 mSv/a [11]. Consequences for the population by strewing on farmland are
minor [13].

2.5. Zircon

Zircon is the common name for zirconium silicate (ZrSiO4). It is a clear white material,
mined at a variety of places around the world. It is always contaminated with radioactive
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materials. About 350,000 ton.a'1 is imported into the EU. Typical values of the specific
activity are 5 Bq.g'1 of 238U and 0.5 Bq.g * of 232Th. Zircon is used for about 1/3 in ceramics,
1/3 in foundries, 1/3 in refractories and minor volumes in other applications. Before being
used in other industries, it is milled at several sites into various grades, down to a median
grain size of 1 \Lm. At zircon mills, the unrecoverable part of zircon is less than 1 % of the
turnover. Under the current regulations the waste can be discharged to normal dumping
sites. The volume of contaminated waste can be kept small by good housekeeping. Due to
the radioactivity of zircon, other industries using the milled product, especially industries
with refractory materials, are likely to have a waste problem as well. The volumes might be
considerable; a rough estimate for the EU is 100,000 ton per year.

The milling of zircon is mostly performed in dry processes. Inevitably, plants are dusty
resulting in potential radiation protection problems for workers. Studies show a potential
risk of internal exposure by inhalation and of external exposure by irradiation near stocks
[14,15].

2.6 Conclusions

In many cases, the presence of natural radioactive materials, even in low concentrati-
ons, may give rise to radiation protection problems for workers and the population. Table
III gives an overview of the volumes of waste with enhanced natural radioactivity produced
in the EU by the non-nuclear industry [4].

Table III Overview of annual volumes of waste with enhanced natural radioactivity in
the EU from the non-nuclear industry which produce the bulk of waste.

Type of industry

Coal

Steel

Gas and oil

Phosphate

Zircon

High
active*)
(kton)

1 (dust)

Medium
active*)
(kton)

260

1

Low active*)
(kton)

<300

750 (slag)
14,000-18,000 (gypsum)

1

Minor
active*)
(kton)

30,000

100

High active waste; has to be stored as radioactive waste already under the old
exemption levels.
Medium active waste; has a specific activity just under or above the old exemption
levels.
Low active waste; will exceed new exemption levels.
Minor active waste; around new exemption levels.

2.7. Clearance levels for waste generated by the non-nuclear industry

KEMA has calculated conditional and unconditional clearance levels for waste
containing natural radionuclides. Details can be found in ref 16. The results show that the
scenarios for workers are the most restrictive. Depending on the dose limits used, the
unconditional clearance levels are at or below the value of the exemption levels, as can be
seen in table IV [16]. The results strengthen the need for international considerations and
guidance on how to deal in practice with waste streams as given in table III.
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Table IV Clearance levels (Bq/g) for unconditional and conditional clearance (rounded
values). Dose limits: Case A: workers = 100 n-Sv/a; population 10 M.SV.

Case B: workers = 1 mSv/a; population 10 jiSv.

Nuclide /
series

232Th-series
238U-series

238U +
226Ra +
210Pb +

210Po

Unconditional clearance

Case A

10
0,1
1
1
1

10
10

Case B

TO
1
1

10
1

100
100

Conditional clearance

Case A

10
0.1
1
1
1
10
10

Case B

100
1

10
10
10

100
100

2.8. Recommendations

To cope with the problem of disposal of these large volumes, pragmatic approaches
for their management have to be sought. A number of recommendations are proposed in
[4]. Some can be implemented without many implications, others require further research
and calculations. For some recommendations, adaption of the national legislation on the
storage of radioactive waste may be necessary in certain Member States of the EU. In any
case, there is a need for international guidance and criteria to be applied to the recommen-
ded solutions.

2.8.1. Burial sites

Creation of a number of burial sites in the EU, in a radius of 100 - 200 km around the
main industrial agglomerations. Arrangements and provisions of these burial sites can be
comparable with those pertaining to sites for other industrial waste. Burial sites should be
prohibited for the public and fenced-off. They should be put under the control of institutions
which are competent on radiation control and the handling of radioactive waste. After
closure and covering of the burial site, the land can be given in long lease for certain uses,
e.g. sports fields or parks, but housing development should be avoided. This is a space-
saving solution and it can be assured that the risks to the public are acceptable.

2.8.2. Interim storage

In industrial processes the equilibrium in the decay chains of uranium and thorium
can be disturbed. In some wastes only the nuclides ""Pb/^Po occur. This is for example
the case with dust filtered from stack emissions from high temperature processes by which
lead and polonium are volatized, such as the E-filter dust in the phosphorus processing
industry as described. The half-life time of 210Pb is 22.3 year. Each century the radioactivity
decays with a factor of 20. So, the waste can be handled or reused as non-radioactive
waste after a surveyable period. Interim storage for at most a few centuries, dependent of
the original activity, will suffice.

2.8.3. Diluting

The ALARA-principle implies that all exposures shall be kept as low as reasonably
possible. In the Basic Safety Standards of the IAEA [1] the trivial individual annual
radiation dose is set at 10 jiSv and the collective annual radiation dose at 1 manSv. It is
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not unlikely that both criteria can be met by diluting waste containing natural radioactivity
into the environment. From the viewpoint of radiation exposure to man, dilution may be
beneficial compared to dumping or even controlled storage. The option has to be proven
by a risk assessment. A typical example is the dispersion of phosphogypsum into the sea.
Individual doses become trivial and the collective dose remains low. However, discharge
into estuarine and coastal waters should be avoided as marshlands, harbour sludge or
sea-food may be contaminated with the potentional result of enhanced exposure of man.

Dispersion of ashes by high stacks may also be beneficial, provided the dust
concentration near ground level does not exceed certain limits.

2.8.4. Spreading

Terrestrial radiation varies from one region to another. Spreading of waste with
relatively low concentrations of natural radioactivity over the land may not, or only with a
low percentage, increase the original radiation field. If such condition is fulfilled spreading
can be allowed. The permissiveness of this solution can be demonstrated by the use of
phosphate fertilizer on farmland. Some PK-fertilizer will exceed the new exemption levels
slightly. Calculations show that extended use of phosphate fertilizer will increase the dose
rate in the air above ground level with only 0.8 nGy/h, compared to a background value of
30-70 nGy/h. Even if, at a later stage, the land is used for permanent residence purposes,
the annual dose will increase only 7 nSv. The dose contribution due to consumption of
crops cultivated on such farmland is negligible [5].

Phosphogypsum is widely used as a beneficial soil amendment. Doses due to
consumption of crops grown on such amended soils are still acceptable. However, radon
exhalation may pose a problem when the amended agricultural land is used for housing
[17].

2.8.5. Product dependent clearance levels

The scenarios used for the calculation of the exemption levels [2] are of a generic
nature. For many wastes the incorporated solid natural radioactivity does not spread as
easily as assumed in generic models and so it reaches man to a lesser extent. The risk of
the disposal of waste depends also on the product. For example, the risk of spreading of
the radioactivity from a refractory stone made with zircon sand is lower than the risk of
dispersion of uncovered fly-ash. The clearance level for the disposal of waste from certain
products can therefore be higher than the exemption level. However, before specifying
special product dependent clearance levels a risk analysis should be'performed. In the
calculations the exhalation of radon has to be taken into account.

2.8.6. Recycling

There is a tendency in Europe to reuse materials in order to decrease the volumes of
waste. Some superfluous materials with enhanced concentrations of natural radioactivity
from one production process may be used as raw materials or semi-manufactured
products in another process without unacceptable radiation risks. A risk analysis is
however needed in such cases. Large volumes are reused already in a variety of applicati-
ons. Fly-ash from coal burning is used widely as an additive to cement; the bottom-ash is
used for road construction. It is essential that the reuse of this large volume of low active
waste remains possible. Slags from the phosphorus production are extensively used for
road construction; another option under study is the use in dikes. The reuse of phospho-
gypsum is studied world wide.



98

2.8.7. Underground

Natural radioactive waste can be stored in cavities in the ground. This may be an
alternative for burial sites, perhaps even with a better public acceptance. It is not necessa-
ry to specify the same requirements for storage in those cavities as are made for the
underground disposal of waste from the nuclear fuel cycle. Cavities used can be oid mine
cobs, still intact old mines, cavities in salt domes; liquid wastes can be pumped into
exhausted oil/gas fields.

2.8.8. Separation

Volumes of waste with enhanced natural radioactivity may be reduced considerably
through separation of radionuclides from the bulk of the waste. The small volumes of
concentrated waste may then be handled at radioactive waste repositories.

2.8.9. Decontamination

The dismantling of installations in the near future will yield large volumes of waste
contaminated with natural radioactivity, e.g. from fertilizer plants, glass furnaces or oil/gas
platforms. After decontamination the base materials may be recycled. The volume of the
remaining contaminant is only small compared with the original volume.

3. PROBLEMS WITH THE INTENDED USE OF RADIOACTIVITY

Research and industry make a wide use of sealed sources for process management
purposes. A study carried out for the EC [18] has shown that the use of sealed sources
varies considerably within the Member States, and also the regulations applying to these
sources vary across the European Union. As a general conclusion, there is considerable
scope for improving and harmonizing the regulatory system concerning the handling and
disposal of spent sealed sources. For those radionuclides that have much higher exemp-
tion levels in the new BSS, such as 3H, 14C, ^S and 63Ni, one may expect a considerable
increase in their use in those cases that the source itself stays under the exemption levels.
Also the use of beta-lights with 3H as radionuclide may be stimulated. This may increase
the need for international guidance on management of sealed sources in order to come to
a harmonized regulatory system.

The same trend can be expected for the use of unsealed sources, such as tracers
and diagnostic kits for laboratory use, both for medical and research purposes. As
opposed to the increased use of sealed and unsealed sources, one may expect that the
amount of radioactive waste which will be disposed to repositories will be reduced,
specifically for 3H. The alternative route for such waste will be disposal in the environment.
If this will become a common practice, the collective dose may increase, although the
individual doses are still trivial. Even when such a practice is still optimal, taking into
account the economic factors for such disposal routes, this may have undesirable side-
effects on the safety culture in radiation protection. It will certainly have a negative effect
on the public acceptance of the use of radioactive materials in society.

This may also influence the practicability and maintainability of regulations. Another
problem may be how to deal with surface contaminations of radionuclides with different
exemption levels.

4. CONCLUSIONS

The new BSS may have a big impact on non-nuclear industries because of the low
numerical values of the exemption levels for natural radionuclides. Large volumes of waste
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may no longer be exempted from regulatory control. Pragmatic solutions have to be found
for the management of these waste streams. On the other hand, the intended use of
sealed and unsealed sources may increase at levels that are exempted from regulatory
control. As a consequence, the unrestricted disposal of these sources may increase, which
can have a negative impact on the acceptability of the use of these sources.
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IMPLICATIONS FOR THE MANAGEMENT OF R A MATERIALS

TRANSPORT

I. R. Devine
Magnox Electric
U.K.

Abstract

This paper attempts to describe some Exclusions & Exemptions from the current and
proposed transport regulations and describes those requirements applicable to low
active material. It concludes that Clearance is the dominant issue and that within the
UK nuclear sector, the current (1985 as amended 1990) transport regulations have no
significant impact on the management of low active materials. Nor will the proposed
(1996) Regulations.

Regulations in UK

The transport of radioactive material (RAM) in UK is currently governed by National
Regulations, which are derived from the IAEA Safety Series No. 6, "Regulations for the
Transport of Radioactive Material -1985 Edition (As Amended 1990)", (IAEA SS6 1985) via
the adoption into national legislation of ADR, the "European Agreement concerning the
international transport of dangerous goods by road" and RID, "Regulations concerning the
International Carriage of Dangerous Goods by Rail". It is a requirement of EU that member
states align their national regulations with ADR and RID.

Since publication of the 1985 Edition of the IAEA Regulations, provisions (known as the
"Grandfather Clause") have been included for the continued use of packagings which had
been approved under previous editions, subject to certain restrictions and with limitations on
the further manufacture of such packagings. Under the 1985 Edition, all aspects of RAM
transport, including the use of grandfathered packagings, became subject to Quality
Assurance.

"Regulations for the Transport of Radioactive Material -1996 Edition - Requirements No. ST-
1" have now been published and, when recognised in ADR and RID, will be incorporated into
UK legislation and it is anticipated that this will occur in 2001. Implementation schedules and
"Grandfather Clauses" have yet to be determined.

Generally, the holding and use of radioactive material in UK is governed by the Radioactive
Substances Act 1993 or by the Nuclear Installations Act 1965 for nuclear fuel cycle material.
All disposals of radioactive waste and Authorizations for discharges are governed by the
Radioactive Substances Act. Radiological protection of persons, including those involved
in/affected by transport, is governed by the Ionising Radiations Regulations 1985. definitions
of radioactive material are diverse and tend not to be absolute. Typically for the Radioactive
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Substances Act / Nuclear Installations Act, radioactive material is taken to be that having an
activity concentration of greater than 0.4 kBq/kg. For the Ionising Radiations Regulations,
reporting of the use of radioactive material is required for material having an activity
concentration greater than 100 kBq/kg.

1985 Transport Regulations

General

The transport of RA material in the UK is governed by The Radioactive Material (Road
Transport)(Great Britain) Regulations 1996 and The Packaging, Labelling and Carriage of
Radioactive Material by Rail Regulations 1996, which incorporate the requirements of IAEA
Safety Series 6 (1985). Transport is essentially an activity which is readily amenable to
regulation hence there are only a few exclusions from the regulations. (These have been listed
in Mr Baeklandt's paper). However in these regulations, radioactive material is defined as any
material having a specific activity greater than 70 kBq/kg. There is no consideration of the
Isotopes, involved, their physical or chemical form, or total activity exemption. The
Explanatory Material to IAEA SS6 1985 explains that "the Regulations apply only to material
having a specific activity exceeding 70 kBq/kg, in order to avoid bringing within the scope
of the Regulations many substances, often naturally occurring, which contain insignificant
amounts of radioactivity and which, if transported, pose no significant hazard."

Material below this specific activity is only required to be subject to the conventional controls
for transport which apply to all materials. The phrase "normal" or"routine conditions of
transport has a specific meaning within the Transport Regulations & the associated guidance
which includes "minor mishaps", but not the Regulatory Accident. In other contexts therefore,
its plain english use should be treated with care.

Under UK legislation, material having a specific activity greater than 0.4 kBq/kg can only be
sent to an authorized site. Therefore even though the transport would not be regulated, some
controls and certification are necessary. Typically to demonstrate an awareness of the
Transport regulations and "prove"that they do not apply, a standard consignment certificate
will be supplied with the contents described as "exempt RA material".

Packages

Under IAEA SS6 1985, the achievement of safety is dominated by the use of packages
appropriate to the significance of the radioactive contents, ranging from Excepted packages,
for very limited quantities of activity and/or activity incorporated into instruments and articles,
Industrial Packages, to Type 'A' & Type 'B' packages for larger radiography sources, irradiated
fuel etc. There are additional requirements for controls on consignments & conveyances
because it is recognised that there may be more than 1 package in a consignment & more
than 1 consignment in a load, t.

All "Transport" packages must meet specified general requirements, covering suitability of
materials of construction, ease of handling, ease of decontamination and the ability to
withstand vibrations and shocks during normal transport. For Excepted Packages, the surface
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radiation doserate may not be >5 uSv/h. Mechanical and containment performance and
Certification / Approval requirements increase for "higher grade" packages. Type B packages
must withstand conditions appropriate to a severe mechanical and thermal accident. The safety
of a package, therefore, depends on adequate design, appropriate to the contents and the
implementation of procedures to ensure that all design intents are achieved for each
consignment.

Contamination

In addition to the radioactive contents of a package, controls are also applied to
contamination, both on the package and on the conveyance. Limits are specified for both non-
fixed and fixed contamination and for accessible and inaccessible surfaces of packages and
for conveyances. Generally, the limit for non-fixed contamination is;-

On external surfaces;

Beta and gamma emitters and low toxicity alpha emitters 4 Bq/cm2

All other alpha emitters 0.4 Bq/cm2

These levels apply to all packages other than excepted packages and to the external and
internal surfaces of overpacks, freight containers and conveyances and their equipment, when
used in or being prepared for the carriage of loads consisting only of radioactive material in
packages other than excepted packages.

For excepted packages and for overpacks etc. being used for loads including excepted
packages and/or non-radioactive material, both values are currently reduced by a factor often.
In practice, for simple & smooth surfaces, such levels can just be measurable for most
isotopes. Demonstration of Regulatory Compliance with a high level of confidence cannot rely
on such measurements and results in widescale use of new packaging materials and
dependence on a system of control particularly with isotopes which are not readily detectable.

Conveyances and equipment are limited to a contact dose rate of 5 uSv/h due to fixed
contamination. The internal surfaces of conveyances dedicated to the transport of LSA or
SCO (Surface Contaminated Objects) under exclusive use are excepted from this requirement
for as long as they remain under that specific exclusive use.

Radiation

The contact dose rate at any point on the surface of an excepted package shall not exceed 5

Except for packages transported under exclusive use, the contact dose rate at any point on the
surface of a package or overpack shall not exceed 2 mSv/h. The contact dose rate at any point
on the surface of a package transported under exclusive use shall not exceed 10 mSv/h and
shall only exceed 2 mSv/h provided the vehicle is equipped with an enclosure which prevents
unauthorized access during transport, the package is secured in its position within the
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enclosure during routine transport and there are no loading or unloading operations between
the beginning and end of the shipment.

Except for packages transported under exclusive use, the radiation level at 1 metre from the
surface of a package shall not exceed 0.1 mSv/h.

For conveyances, radiation levels shall not exceed;

2 mSv/h on the surface of the conveyance,

0.1 mSv/h at 2 metres from the surface of the conveyance and

0.02 mSv/h at any normally occupied position in a road vehicle unless persons
occupying such positions are provided with personal monitoring
devices.

Labelling

All packages, other than excepted packages, bear prominent & durable labels which give an
immediate indication [warning?] of their radioactive hazard, in terms of radiation levels and
also a summary of their contents.

From the early days of the Regulations, the prominent indication/warning of their contents
as presenting a radioactive hazard was not felt appropriate for small quantities of radioactive
material. Excepted packages require no external labels, but are marked "radioactive" on an
internal surface, as a warning of the presence of radioactive material on opening or damage.
In the case of an excepted package containing instruments or articles, each instrument or
article is marked "radioactive".

1996 IAEA Regulations (IAEA "Requirements" No. ST-1. 1996 Edition.)

Exemption Levels

Under the 1996 IAEA Regulations, ST-I, [Para 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 in paras 401 - 406."

The draft advisory material describes that in previous editions of the regulations, a single
exemption level value of 70 kBq/kg was used to define radioactive material for transport
purposes. Following publication of the Basic Safety Standards, it was recognised that this
value had (no?) radiological or technical basis. A specific study of transport scenarios was
undertaken in 1995 taking into account the radiological protection criteria defined in the BSS.
It was established that the BSS exemption values were suitable for transport purposes.
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Paras 401 to 406 of ST-1 essentially adopt the IAEA BSS values for Exemption from
Regulation. These align very closely with the EC "Basic Safety Standards for Radiation
Protection" Directive, based on modelling done largely by NRPB, (Report ref RP65).

Para 401 gives basic total activity and specific activity( concentration) values for a
large range of isotopes.

Paras 402 and 403 give rules for deriving the above values for isotopes which are not
listed.

Para 404 gives rules for dealing with mixtures of isotopes and 405 for dealing with
mixtures when there is incomplete information regarding the activities of some of the
nuclides.

Para 406 provides data for nuclides for which relevant data are not available.

Essentially, in place of the existing threshold of 70 kBq/kg, (or 70 kBq/kg), the limiting
activity concentration for exempt material will vary, under IAEA "Requirements" No. ST-1.
1996 Edition, between 0.1 kBq/kg (for Ac-227) and 107 kBq/kg, (for Ar-41), with the
majority ranging from 10 to 1000 kBq/kg. To require classification as radioactive material,
a consignment weight threshold also needs to be exceeded, the threshold varying between 1
mg and 100 t.

This will make it much more complicated to determine whether material is totally exempted
from the Regulations. It is possible that users may be tempted to overregulate themselves in
order to secure their own regulatory compliance comfort factor, particularly noting that the
RP65 modelling, the pathway which determines the limiting value for a specific isotope may
not be directly relevant to transport and that the A specific study of transport scenarios
identified an order of magnitude difference for some isotopes. However, where the IAEA/CEC
BSS criteria are adopted, the decision whether material needs to be regulated for use will
align with the decision re the Transport Regulations. Hence in truth the assessment is likely
only to need to be done once and [periodically] reviewed rather than by large scale detailed
isotopic analysis & assessment for every consignment.

A small number of isotopes will have activity concentrations less than the 1985 limit of 70
kBq/kg. These are generally the more radiotoxic isotopes where good radiological practice
required by other regulations actually results in a level of control greater than that strictly
required by the Transport regulations. The impact of this on current practice is therefore likely
to be small and the general effect of the new exemptions is likely to be an appropriate
relaxation.

Other Changes

(i) Contamination limits for excepted packages will be the same as for all other packages
under ST-1 1996. (This is because there is no radiological basis for retaining the more
restrictive value.) Loose contamination would be required to be controlled on the ALARP
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principle between the limit & 1/10th of the limit. By definition, below that level, there would
be no regulatory interest.

(ii) The specific Package design requirements have been re-ordered to place some existing
detailed requirements for only certain packages into the General Design Requirements for all
packages. These will include a requirement to consider pressure & temperature ranges. The
potential impact has been somewhat softened by (iv) below & an amendment to permit the
assumption of realistic [national] temperature ranges, for packages which are not intended for
universal usage.

(iii) Whilst Labelling will still not be required for Excepted Packages, the UN Number will
be required to be marked on the outside of the package. The existing requirement for internal
marking "radioactive" on an internal surface, as a warning of the presence of radioactive
material on opening remains.

(iv) A new category for Low Specific Activity Material LSA1, is introduced which may have
(some) application outside the Nuclear sector eg for ores or contaminated soil.

RA Material Consignments

Under UK legislation, material having a specific activity less than 0.4 kBq/kg (Free Release)
is not subject to regulation and hence detailed records are not kept. At nuclear licensed sites,
radioactive material is generally, but not exclusively, constrained to within the "nuclear
Island" or Controlled Area. There is significant movement of personnel, equipment &
materials both into & from this area daily. The emphasis here being on control to "Clearance
Levels". Monitoring cannot guarantee each & every movement. Some things may be very
difficult or impossible to monitor. Particularly down to the level CURRENTLY required for
"Excepted Packages". The monitoring will be a part of the system of control. As with any
medium/large industrial facility, there are many movements to & from the site each day
(hundreds). Many of them carrying material or items which have been "cleared form the
Controlled Area. Almost all of them exempted or excluded from the transport regulations.

Decommissioning sites can present further problems. In addition to the normal movements,
large volumes of bulk waste (or someone else's raw material) need to leave the site.
Significant quantities of such material are being transported every day. e.g. During 1994/5
between 200 & 2000 tonnes per month of material for recycling/ free release were despatched
from Berkeley Power Station as part of its decommissioning. Clearance criteria dominate this
issue, not transport constraints.

Under UK legislation, material having a specific activity greater than 0.4 kBq/kg can only be
sent to an authorized site. Some controls and certification are necessary and typically a
standard consignment certificate will be supplied with the contents described as "exempt RA
material". Utilization of this option is and will remain rather limited in the nuclear sector.

For Nuclear Installations, Very Low Level Waste disposal routes are not available, Low Level
Waste (0.4 MBq/t - 12 GBq/t) can generally only be disposed of to the BNFL repository at
Drigg in Cumbria. Their safety case & conditions for acceptance constrain users to specific
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packages. Almost all waste is transported as Low Specific Activity Material (Radioactive
LSA) in ISO freight containers. No change is expected, even with the introduction of Low
Specific Activity Material 1.

Summary

This paper has attempted to describe the principles of Exemption from the current and
proposed transport regulations and those requirements applicable to low active material.

Within the UK nuclear sector, the current (1985 as amended 1990) transport regulations have
no significant impact on the management of low active materials. Nor will the proposed
(1996) Regulations.

The (1996) Regulations, which will not be implemented before 2001:

Introduce the IAEA BSS isotopic specific exemption values which may be more
complex, and may not be directly relevant to transport, but will align closely with the
decision as to regulation for use.

Introduce a new category for Low Specific Activity Material LSA1, which may have
application outside the Nuclear sector eg for ores or contaminated soil.

Align Excepted Packages into a common requirement for all packages for
contamination to be controlled ALARA below the limit, which will simplify
compliance demonstration.

Additional package design requirements are unlikely to have any significant impact
as the current good practice has generally taken account of those standards already.
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Abstract

Waste generated in German nuclear facilities is exhaustively and selectively managed
through a system adapted to the waste's characteristics. The management of the waste
ensures that the impact on the workers, population and the environment is acceptable. This
is done through a detailed documentation and quality assurance program which applies not
only to radioactive waste but also to clearable material used within a licensed practice.

In Germany the producer is responsible for the waste generated in a licensed facility
and is therefore responsible for the correct disposal, which depends on the waste's
characteristics. Since the waste producer requires a license for all activities involving
radioactive substances, the atomic authority is continuously informed and can therefore
monitor the producer for compliance with the regulations. The use and disposal of all material
in a licensed practice is documented and can therefore be traced by the authorities.

Clearance is seen in Germany as the best way of managing non-radioactive material in
a licensed practice. Germany has developed clearance procedures which guarantee that
after clearance the radiological impact is negligible. Emphasis has been put on recycling
valuable materials like metals instead of using final disposal capacity for this material which
contains practically no activity. Since clearance requires a license the atomic authorities are
fully informed and can monitor for compliance. The licenses contain documentation
requirements and measures to ensure quality control of the clearance procedure.

Waste management in the nuclear sector has been successfully implemented in
Germany for over two decades now. The management strategy relies on a two fold system.
All radioactive waste must be delivered to a deep geological repository for final disposal. For
waste occurring within a licensed practice a highly developed system, which relies heavily on
measurements, defines whether the waste is non-radioactive according to the atomic
legislation, in which case it can be exempted from the requirement of'final"dlsposaTTri
defining non-nuclear material or zones within a licensed facility the Germans use extensive
measurements and rely to a lesser extent on plant history.

1. INTRODUCTION

In Germany the peaceful use of radioactive substances is regulated by the German
Atomic Energy Act (AtG) and its ordinances.

It is an internationally agreed principle that radioactive waste (radwas) generated in
licensed facilities must be under complete control from its origin to its final disposal. As a
member state of the European Union, Germany must ensure that its national provisions are
in line with the regulations of the European Union (EU). The provisions of the EU have been
implemented in Germany through the Radiation Protection Ordinance
(Strahlenschutzverordnung). On May 13, 1996 The Council of the European Union passed
the Directive 96/29/EURATOM referred to in short as the EU "Basic Safety Standards". This
directive has direct consequences for atomic legislation in Germany. At present amendments
to the Atomic Energy Act which will form the necessary legal basis for implementing the new
directive are being drafted. The directive itself will be implemented in a completely revised
Radiation Protection Ordinance.

In Germany material belonging to a licensed facility must in principle be delivered to a
federal facility for final disposal or to a land-run collection center. Under certain conditions the
waste can be considered as not radioactive, in particular if it is waste with negligible activity.
For this waste the delivery requirement can be lifted.

These legal restraints have led to a waste management strategy in Germany which
relies on final disposal in deep geological formations and clearance. A small amount of
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recyclable radioactive waste material, in particular metal, is recycled in licensed facilities and
the new products are used in other licensed facilities. Such material never leaves the system
of control for practices involving radioactive substances.

2. REGULATORY CONTROL

All material used in a licensed practice is subject to control by the atomic authorities.
This includes radioactive material and waste as well as non-radioactive substances and
material. All uses of material within a licensed practice are subject to inspection by the atomic
authorities and the uses must be documented.

2.1 Disposal of radioactive waste

The principles of international cooperation for enhancing safe management of
radioactive waste, of promoting an effective safety culture and of "institutional control" by a
regulatory body have been laid down at an international level in the draft of the "Convention
on the Safety of Radioactive Waste Management." The draft convention reiterates the
principle that the ultimate responsibility for ensuring safe management of radioactive waste
rests with the State.

In order to ensure that the principles laid down in the draft convention are
implemented, a waste control system has been developed and implemented in Germany [1].
It pursues the aforementioned goal, namely the control of radioactive waste from its origin to
its final disposal or its release from the regulations of Atomic Energy Act. This system does
not apply to all radioactive waste produced in Germany. However, it covers an important part
of it namely all radioactive waste with negligible heat generation resulting from the operation
of nuclear power plants. This amounts to a share of about 40 %.

Once a radioactive waste package is registered in the Control System, each individual
step taken from this point can be followed up exactly and easily. For each waste package the
data documented in the system include identification number, mass, volume, type of
conditioning, dose rate, surface contamination, and relevant radionuclides. These data and
procedures also ensure adequate quality assurance and the fulfillment of acceptance
requirements for the respective disposal facilities. This information is not only available to the
waste producers but also to the competent authorities and their experts.

Quality assurance of radioactive waste has two main objectives: to allow safe interim
storage and later on safe final disposal. That means that the authorities responsible for
conditioning and storage and those for final disposal must cooperate closely. The waste
producer or the waste conditioner has to get approval from both authorities. He can apply
either for permanent qualification of a conditioning procedure or for qualification of a
conditioning campaign. The next step is for the supervisory authority responsible for the
nuclear facility to check that the application fulfills the relevant requirements and to inform the
Federal Office for Radiation Protection. The Federal Office for Radiation Protection for its part
checks that the conditioned waste meets the waste acceptance requirements for the
repository in question. Only if both authorities consent, will the applicant be allowed to
condition and deliver the waste package.

Radioactive waste conditioned in the past needs special consideration. Experience
shows that today's requirements for interim storage or final disposal are not met. In these
cases non-destructive and destructive tests have to be performed in addition to
documentation review. After these investigations there will be sufficient information about the
waste properties so that it can be qualified for storage or disposal. The investigations may
lead to the decision that theradwas has to be conditioned again.

German waste produced in foreign facilities is also subject to the same quality
assurance and documentation requirements as waste produced in Germany.
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2.2 Control of non-radioactive material from licensed practices

All radioactive waste high, intermediate, low and very low level (HLW, ILW, LLW and
VLLW) must be disposed of in a deep geological repository which is licensed and is therefore
subject to the above described documentation and quality assurance procedures. Cleared
waste is legally considered non-radioactive and therefore does not require disposal in a deep
geological repository. Nevertheless waste which is cleared from a licensed facility is also
subject to quality assurance and documentation measures.

The clearance of material from a licensed site is based on case-by-case decisions and
requires a license [2]. After clearance substances are no longer considered radioactive and
therefore do not fall under the Atomic Energy Act. This does not mean that cleared material
is exempted from all legal requirements. However another and different authority now
assumes responsibfffty. After clearance the material formally falls under the Closed
Substance Cycle and Waste Management Act (KrW-AbfG) and the producer must fulfill the
requirements laid down in this Act. These requirements have been reviewed by the atomic
authorities and were taken into consideration in deriving clearance criteria. Therefore no
further control by the atomic authorities is necessary after clearance. In the following only the
requirements of the atomic legislation will be addressed.

Each clearance license prescribes the quality assurance and documentation
requirements which must be met by the waste producer. In general the requirements are
based on published standards [3] which are described briefly in the following.

Material arising within the operation or dismantling of nuclear installations is
characterized according to the type of material, its origin, its quantity, its activity content (or
estimated content) and its history. On the basis of this characterization it is decided whether
the material is potentially clearable and the measuring efforts for clearance are determined.
A number of documented steps are taken to ensure that the activity measurements are
reliable and typically include the following:

1 Documented preliminary characterization
1.1 description of the material and its origin
1.2 pre dismantling investigation
1.3 clear identification of samples taken from the intact object
1.4 description of the measurement procedure (e.g. wipe test)
1.5 documentation of measurement results
1.6 description of any treatment procedures like decontamination
1.7 summary including

1.7.1 radionuclide spectrum and key nuclides
1.7.2 scaling factors
1.7.3 activity distribution
1.7.4 foreseen clearance measurement technique

2 Documented clearance measurements
2.1 material to be cleared

2.1.1 origin of material within the facility
2.1.2 type of material
2.1.3 mass
2.1.4 surface area
2.1.5 materials preliminary characterization

2.2 measurement equipment
2.2.1 type of detector
2.2.2 electronic devices used for interpreting the detection
2.2.3 data processing equipment
2.2.4 data processing software

2.3 calibration
2.3.1 geometry
2.3.2 radionuclide(s)
2.3.3 calibration factor(s)

2.4 clearance measurement
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2.4.1 geometry
2.4.2 background effect
2.4.3 total counts
2.4.4 measurement period

2.5 clearance measurement results
2.5.1 scaling factor(s)
2.5.2 mass specific activity (can be derived from surface measurements)
2.5.3 surface activity (can be derived from mass specific measurements)

2.6 clearance
2.6.1 mass of material
2.6.2 total activity
2.6.3 responsible person
2.6.4 date
2.6.5 foreseen first recipient of material

If the material comply with the licensed definition of non-radioactive it can be cleared.
The act of clearance involves sending the documentation to the atomic authorities for
inspection. The atomic authorities have the right to make their own measurements or let an
expert carry out independent measurements. After review the authority can reject the
clearance application. Only if the authorities have no objections the material may leave the
licensed site.

Besides containing the results of the clearance measurements and the
characterization of the material the documentation also contains the first recipient. If the
clearance license prescribes a first use of the material (conditional clearance) the waste
producer is responsible for documenting that the intended initial use is actually realized. The
Closed Substance Cycle and Waste Management Act provides for the possibility of
documenting the destination of the material which can be used in a contractual agreement
between the waste producer and the waste receiver. In such a case a copy of this
documentation must then be given to the atomic authority as proof of the initial use. Of
course the material must fulfill all requirements of the Closed Substance Cycle and Waste
Management Act before such an agreement can be realized. In particular it is not possible
for the waste producer or the atomic authority to determine per decree whether the material
is waste for disposal or waste for recycling. What happens to the waste is laid down in the
Closed Substance Cycle and Waste Management Act and the decision, control and
enforcement are solely the responsibility of the waste authorities. Depending on the license,
the documentation must be kept for a period of 3 to 30 years during which the atomic
authority can demand to see the documentation.

2.3 Alternative licensed options

Waste material can be recycled or reused in another licensed application. Up to now
this option has been practiced extensively in Germany only for metal scrap. The scrap is
recycled in a licensed facility to produce products for other licensed facilities. Most of the
scrap has been recycled into waste containers or shielding elements. The need for such
products is not great. So the capacity of this option is limited.

The German Atomic Law also provides for the possibility of "other disposal or delivery"
that is licensed or decreed by the atomic authority. This type of disposal or delivery does not
imply the (formal) act of clearance; the circumstances and conditions are determined by the
atomic authority. This option is applied, however, quite infrequently.

3. CLEARANCE

German legislation requires that the activity content of material to be cleared is
negligible. The trivial dose concept from the IAEA has been used to define negligible activity
in Germany [4]. The European Union has recently adopted the trivial dose concept for
clearance in their "Basic Safety Standards" which are presently being implemented in
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German legislation. Therefore the 10 uSv-concept will replace in future the negligible activity
concept as the basis for clearance in Germany.

Clearance of material for recycling and reuse outside the nuclear field or disposal in
municipal facilities has been performed for almost two decades in Germany [5]. However,
large scale clearance commenced with progress in major decommissioning projects, mainly
nuclear power plants. Clearance can be performed on a conditional or an unconditional
basis. In accordance with IAEA terminology [6], unconditional clearance implies that
irrespective of the material's pathway, reuse, recycling or disposal, the resulting doses will be
trivial. Conditional clearance means that trivial doses can only be guaranteed if the material
is restricted to a particular pathway.

In Germany studies have been carried out in which clearance levels for a wide variety
of materials have been developed. The clearance level calculations are based on complex,
stochastic models and realistic radiological scenarios using the 10 uSv/a criterion according
to IAEA and EU Basic Safety Standards. These studies form the basis for various clearance
recommendations from the German Commission on Radiological Protection (SSK). These
recommendations also contain mass and surface specific clearance levels. Clearance
recommendations from the SSK exist for metal scrap and components as well as for
buildings and building rubble. Recommendations for unconditional clearance and for disposal
are presently only in draft form but it is expected that they will be finalized this year (1997) or
early next year. These SSK recommendations have only a guiding function and are not
binding for the competent authorities in the licensing process. Nevertheless nearly all large
decommissioning projects in Germany have implemented these clearance levels in their
licenses.

The German clearance practice for metal scrap and components has been extensively
discussed at international conferences and meetings over the last decade and is therefore
not dealt with in detail here [7] [8] [9] [10]. The recommendation for buildings and building
rubble is based on surface measurements on the standing building. It is recommended that
the building be cleared before being demolished This recommendation is generally available
[11] and is therefore not addressed in detail here.

3.1 Clearance of waste for municipal disposal

On behalf of the Environment Ministry the German Federal Office for Radiation
Protection (BfS) has recently published nudide and mass specific clearance levels which
apply to the disposal or incineration of waste containing negligible activity. BfS derived
clearance levels for approximately 800 nuclides based on the 10 uSv/a concept [4]. The
clearance levels, under the conditions set out in the BfS report [11], were recommended on a
draft basis by the German Commission on Radiological Protection in December 1994. In a
letter from Jan. 19, 1995 circulated to the land licensing authorities the German Environment
Ministry recommended a trial implementation of the clearance levels. The trial phase will
allow experience in implementing the values to be gathered, after which incorporation of the
clearance levels in legislation is foreseen.

The BfS model assumes that 100 Mg/a of slightly radioactive waste is disposed of at a
landfill or in an incinerator. It is assumed that the ash from the incineration is disposed of at a
landfill for this type of waste. The calculations consider fn detail the possible radiation
exposures due to external gamma exposure from the landfill, gamma submersion from the
incinerator's off gas as well as inhalation and ingestion of ladionuclides coming from the
waste. Selected clearance levels produced by the BfS model are shown in Table 1. Many of
the most important B- and y-emitters are similar to the values presently used in licensing
procedures. This is also true for most of the a- emitters, like Pu 239. Large deviations exist
for a number of long lived, very soluble nuclides like I 129 and for pure B-emitters or electron
capture emitters like Fe 55. Part of the trial implementation of the recommendation Includes
reviewing the models used for calculating the clearance levels which is presently being done
in a sub-committees of the SSK.
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Mass and radionuclide specific activity limits for the conditional clearance of
waste for disposal from the SSK draft recommendation

Radionuclide

H3

C14

Fe55

Co 60

Ni63

Sr90

Tc99

Clearance level
[Bq/g]

300

200

100 000

2

50 000

10

4

Radionuclide

I 129
Cs137
Ra226
U235
U238

Pu239
Pu241

Clearance level
[Bq/g]

0.04

7

0.5

3

4

1

30

3.2 Unconditional clearance

In 1991 the IAEA started work to establish unconditional clearance levels for solid
materials, which culminated in the publication of TECDOC-885 "Clearance levels for
radionuclides in solid materials" [6]. The German Commission on Radiological Protection
decided to discuss and evaluate the clearance levels recommended by the IAEA. As a result
of this work the SSK passed a draft recommendation on December 8, 1995 containing
radionuclide specific clearance levels for unconditional clearance.

It was decided to evaluate the unconditional clearance levels by creating enveloping
scenarios for recycling and reuse and use of the conditional clearance levels from the SSK
draft recommendation for disposal. The enveloping scenarios for recycling and reuse are
based on studies done on behalf of the German Ministry for Environment as well as on
international sources. In choosing the enveloping scenarios reasonable and realistic
assumptions were made. Scenarios which are possible but had proved to be very unlikely
were not evaluated. In deciding which scenarios should form the basis of the calculations
complex stochastic models of clearance were used to quantitatively evaluate which
scenarios are appropriate for deriving clearance levels.

The unconditional clearance levels for solid materials from nuclear installations were
derived by taking the most restrictive value from either the enveloping scenarios for recycling
and reuse or the disposal recommendation. A selected set of the resulting clearance levels
are shown in Table 2. In general the unconditional clearance levels are significantly more
restrictive than the conditional clearance levels for disposal (see Table 1).

Table 2: Mass and radionuclide specific unconditional clearance levels from the SSK
draft recommendation

Radionuclide

H3

C14

Fe55

Co 60

Ni63

Sr90

Tc99

Clearance level
[Bq/g]

300

200

3000

0.1

3000

10

4

Radionuclide

1129

Cs137

Ra226

U235

U238

L Pu 239

Pu241

Clearance level
[Bq/g]

0.04

0.5

0.1

0.1

0.1

0.04

1

Instead of deriving radionuclide specific surface clearance levels, the surface
contamination clearance levels for objects (GegenstSnde) prescribed by the Radiation
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Protection Ordinance are recommended (see table 3). Materials which have no defined
surface are not considered to be objects and can therefore be cleared using only mass
specific clearance levels. Usually waste can be cleared without the application of surface
contamination clearance levels. It is not considered good practice to destroy defined
surfaces merely for the purpose of avoiding the surface contamination measurements.

The surface contamination clearance levels set up by the Radiation Protection
Ordinance were not derived with reuse and recycling in mind and are therefore typically
overly restrictive. A comparison of the surface contamination levels derived for reuse by the
Commission of the European Union [13], shows that the surface clearance levels used in
Germany are more restrictive.

Table 3: Clearance levels for surface contamination (see appendix IX column 4 of
the Radiation Protection Ordinance in the version from 1989.)

Radionuclide

tf-emitters, which have an exempt activity of
5103Bq

Q> and electron capture-emitters, which have
an exempt activity of 5106 Bq 1)

other radionuclides

Clearance level for surface contamination
2)

[Bq/cm2]

0.05

5

0.5
1) This clearance level also applies to C 14, P33, S35, Ca 45, Fe 55, Ni 63, V 48 and Pm
147
2) The total surface activity may not exceed the clearance level for each category. The
clearance levels are for total activity from the nuclides of this group and are not intended to
be used as weighting factors in a summation formula.

Radioactive material generally contains a number of radionuclides in trace quantities.
Therefore it is suggested that radionuclides which attribute less than 10% to the summation
formula be ignored. This cut-off criterion gives flexibility while guaranteeing that the
radiological goals are fully met.

For the unconditional clearance in this recommendation the clearance levels apply only
to the licensed activity and not to the naturally existing radioactivity. Therefore in most cases
difficulties, for example with thorium in the material is of no regulatory concern since the
thorium was not licensed. Uranium can pose a larger problem, especially in building material.
For enriched uranium the relationship U 235 to U 238 can often be used to determine the
radioactivity caused by the licensed practice. In all cases concerning natural radioactivity the
competent authorities must carefully consider the proposed measurement procedures to
make sure they adequately address the problem at hand.

3.3 Application of clearance criteria in Germany

A license for unconditional clearance of metallic components, scrap or items will not
specify whether the material must be melted, or can be directly reused (e.g. in the case of
tools). This option has been applied for in nearly all German installations in the operational as
well as in the decommissioning phase.

A license for unconditional clearance of building rubble from nuclear installations will
not specify whether the material must be recycled or can be disposecf of at a landfill.
Likewise, it will not specify the building purposes for which the material could be used after
recycling. This option has been applied for a number of installations, mainly during
decommissioning.
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While in the examples above, which describe cases of unconditional clearance, the
waste producer was free to choose recycling or disposal, a license for conditional clearance
for disposal implies that the waste producer or waste owner must ensure that the material is
disposed of at a landfill. This must be demonstrated to the authority. The legal framework for
non-nuclear wastes in Germany gives recycling precedence over disposal so that conditional
clearance of material only for disposal must not interfere with requirements laid down in
these regulations. Up to now, this option has been applied in quite a few instances.

Conditional clearance of metal scrap for melting and subsequent manufacture of
special items, such as rails, reinforcement steel for buildings, structural elements for bridges
etc., i.e. purposes that will lead to only a small dose commitment for individuals of the
population, are possible in Germany in principle and the relevant SSK recommendations
address these options. However, up to now no license has been granted with such a
prescribed initial use.

It is estimated that presently from the operation of 20 nuclear power plant blocks some
500 Mg/a of metal scrap and a few 1,000 Mg/a of building rubble and other waste arise for
mainly unconditional clearance. Additionally several 1,000 Mg/a of metal scrap and up to
several 10,000 Mg/a of building material can arise from decommissioning activities. These
figures correspond to the present and near future situation and depend on the number of
installations that are being decommissioned at a certain point in time. For material from
nuclear power plants clearance measurements can currently be performed at typical rates of
25 Mg (metal, concrete) per shift and measurement facility. Clearance of buildings is usually
accomplished by in situ measurements on the standing structure prior to being demolished.

4. OUTLOOK

The German land authorities are responsible for licensing nuclear facilities and the
federal authorities play a supervisory role in this process. Since clearance levels are not yet
part of the German legal framework the land authorities have significant flexibility in setting
down the clearance levels in licenses. Therefore the clearance levels can and do vary greatly
from license to license. In order to harmonize the clearance levels in Germany it is planned
to provide binding legislation at the federal level. It is envisaged to incorporate all relevant
aspects of clearance as well as the numerical values recommended by the SSK into this
legislation. The legislation shall respect international guidance to ensure that the German
clearance practice is consistent with international guidelines and recommendations. Of
foremost importance are the recommendations from the European Union. The Council
Directive passed recently advises the Member States to consult these recommendations
when setting down clearance levels.

In general, Germany sees a need to implement the concept of unconditional clearance
on an international scale in order to facilitate free trans-boundary movements. Therefore
Germany will continue to actively support the IAEA's efforts in the area of radioactive waste
management.
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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.
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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,



123

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
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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

Scrap from nuclear
facilities

f
Scrap Processing

includes: Handling scrap
Segregating scrap
Transportation
Exposure from scrap
heaps

f

Smelting:
Dust in the workplace
Discharges to the environment
Product manufacture

>r

Products:
Use in workplace

Use in home

r

By products:
Use of slag

Disposal of slag
and dust



XA9846111

133

A STOCHASTIC APPROACH TO THE DERIVATION OF EXEMPTION AND
CLEARANCE LEVELS

A Deckert
Brenk Systemplanung
Heider-Hof-Weg 23
52080 Aachen, Germany

ABSTRACT

Deciding what clearance levels are appropriate for a particular waste stream inherently
involves a number of uncertainties. Some of these uncertainties can be quantified using
stochastic modeling techniques, which can aid the process of decision making. In this
presentation the German approach to dealing with the uncertainties involved in setting
clearance levels is addressed.

1. INTRODUCTION

Competent authorities must make decisions with regard to the management of
radioactive waste. These decisions are typically based on radiological assessments of the
potential doses to persons coming in contact with the waste. In this presentation the
philosophy behind the decisions for clearance of Very Low Level Waste (VLLW) in Germany
is discussed.

Radiological assessments used to evaluate the clearance of VLLW are based on a large
number of parameters which in general are not known exactly but exhibit a variety of
uncertainties. For some of these parameters extensive measurements may exist, which can be
used to derive probabilistic descriptions of the data. For other parameters the available
information might only consist of some subjective expert opinions. The treatment of these
parameters depends to a great extent on expert judgment. Therefore it is not possible to
predict exactly what doses will result from a clearance practice, which means that decisions
must be made in spite of uncertainties. Detailed theoretical treatments of this type of decision
making problem have been investigated in a research program sponsored by the Commission
of the European Union [1] (also see [2]).

2. BASIS FOR CLEARANCE DECISIONS

The German approach to VLLW management is dealt with in detail in the presentation
from B rocking [3]. Therefore only the key points pertaining to clearance are reiterated here.
The legal basis for clearance is laid down in the German Atomic Energy Act, which stipulates
that the clearance of material from regulatory control is provisional on demonstrating that the
existing contamination or activation is negligible. The working definition of negligible in
Germany is drawn from the dose oriented recommendation of the International Atomic
Energy Agency (IAEA), which recommends that exposures from various practices should be
restricted to a yearly effective dose of several tens of microsieverts for the individual [4],
since such doses can be seen as negligible. Furthermore it is recommended that since an
individual can be exposed to sources from various practices, the individual dose from a single
practice should be restricted to around 10 \iSv in a year.
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When carrying out the radiological assessments the calculation of the potential doses
should be based on realistic scenarios for the critical group. This is interpreted to mean that
the persons who can potentially receive the highest doses should be considered and the
scenarios constructed such that they represent situations that can be expected to normally
occur. Typically it will be possible to construct scenarios that lead to higher doses, more
conservative. At some point the ever more conservative scenarios become so unlikely,
although theoretically possible, that they can be considered unrealistic. Recommendations on
how to quantify this understanding of realistic do not exist, although in ICRP 60 it is
suggested that the total risk be considered. This concept implies that not only the dose but also
its probability of occurrence should be included in the radiological assessment. The European
Union implemented this concept in the derivation of the exemption levels in the European
Union's Basic Safety Standards [5].

The 10 uSv concept does not represent a dose constraint according to the IAEA recom-
mendation. For clearance decisions that are based on the 10 uSv concept it is expected that
doses of around 10 uSv/y will occur, which means that the 10 uSv/y can be exceeded. The
question then arises how large can a dose be and still be considered as fulfilling the de minims
concept.

2.1. Formal description of decisions involving uncertainty

When making decisions pertaining to clearance the competent authorities must convince
themselves that the potential doses to the individuals are acceptable, which in this context
means on the order of 10 uSv/y. There are two kinds of uncertainty associated with such
decisions, ambiguity and vagueness [1]. While ambiguity has to do with values which are not
(or cannot be) exactly specified, vagueness expresses the inability of making precise
distinctions or sharp boundaries.

The difference between ambiguity and vagueness can be explained by studying the
simple proposition 'V is £", where V is a variable representing a physical observable, in this
case the dose to an individual and E is an event1 representing a property or a predicate, in this
case acceptable. If there is no uncertainty, then the value sv of Vis known and E is represented
by an ordinary subset of the real line. The proposition is true if sve E and false if sv £ E. If
the value of the variable is not known exactly, then this kind of uncertainty is ambiguity,
because the measurement of the variable would yield exactly one distinct value, we just do not
know it. Probability and possibility theory deal with such problems (see [1]).

On the other hand, vagueness occurs, if we are not able to say precisely which numbers
belong to E and which numbers do not. If a decision involves no vagueness, then given an
individual dose it either belongs to the set E of acceptable doses or it does not. This can be
expressed mathematically using the indicator function,

fl xeE
f

which says nothing more than if the value of the indicator function at a point x is 1, then x is a
member of the set £ and if the value is 0, then it is not a member of E. It was Zadeh's idea [6]
to quantify vague knowledge about E by introducing degrees of membership between 0 and 1.
So the sharp boundaries of ordinary sets, which are manifested in discontinuities of the
corresponding indicator function, can be softened by replacing the indicator function by a so
called membership function whose values can vary continuously in the unit interval [0,1]

The word 'event' expresses, that if a measurement of the variable V yields a value in the set E we can say
that the event E happens. This terminology is widely used in probability theory.
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defining a fuzzy set. The values x of a fuzzy set can belong partially to the set, so that besides
the two possibilities of ordinary sets, member or not a member, a fuzzy set allows all degrees
of membership in-between, for example 80% or 20% membership.

2.2. Description of derivation of clearance levels

The objective when deriving clearance levels is to find a connection between the mass
specific or surface specific activity (Bq/g or Bq/cm2) of a material that is to be cleared and the
resulting individual dose per year (uSv/y). Often simple deterministic scenarios that represent
a single conservative exposure situation are used to calculate the dose from a given specific
activity (clearance level), implying that the dose for a particular clearance level is known
exactly. This is of course not the whole truth, since the dose and the parameters used to
calculate the dose are not completely known and vary from situation to situation. The dose is
an ambiguous quantity. To compensate for the lack of knowledge about the dose the
parameter values used to calculate the dose in the deterministic approach are typically chosen
from the upper end of their expected variational range. This is in general what is meant by the
expression conservative scenario.
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Figure 1. Two Gauss distributed variables A and B and the distribution of their product
H. Taking the product of the 9(f percentiles of A and B (A = 3.9 and B = 4.65) results in
the 94'" percentile ofH (18.12).

Typically dose equations are expressed as the product of a number of parameters.
Assuming for discussion purposes the following simple hypothetical scenario with only two
parameters,

H = A B,

we can investigate the deterministic approach to deriving clearance levels. This approach
forces the assessor to choose from a range of possible values, single values for A and B in
order to carry out the radiological evaluation. Assuming that the parameters A and B have the
Gauss distributions shown in figure 1 and the assessor chooses the 90* percentiles, then the
resulting dose H represents the 94* percentile. This simple example shows that choosing all
the parameters in the dose equation conservatively can lead to a drastic over estimation of the
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potential exposure. In the deterministic approach there is no way to quantify this over
estimation (or under estimation) which can lead to inappropriate clearance decisions.

In studies using deterministic methods, of which many have been published in various
countries over the years (for a review see [7]), fixed values are chosen for all the parameters
used in the assessment. This implies that the processes leading to the radiation exposure are
known exactly. In reality, however, any process of recycling or disposal is guided by chance.
It is not possible to predict how a piece of scrap or a certain amount of building debris will be
recycled or disposed. For example, any assumption about dilution factors during recycling
processes cannot be guaranteed, although the final clearance levels largely depend on the
proper choice of dilution factors. The same is true for other crucial parameters like exposure
time, geometry, inhalation rates etc. This makes it clear that a much better approach is to
allow variations in those parameters that cannot a priori be set to fixed values. The advantage
of stochastic models is that the statistical variations in the underlying processes can be
accurately described (see references [8-11]). Such models are far more complex to implement
than simple deterministic ones, but allow quantitative analysis of the likelihood of doses
associated with particular clearance levels. Stochastic models take into account many different
exposure situations and model the relevant stages during the recycling or disposal process.
The result is not a single dose value as in the deterministic approach, but a distribution of
individual doses over the population. The general structure is depicted in figure 2.

Release
procedure

Choice of
Parameters:

w(x)

Doses for
Workers

Distribution
function

Figure 2. Schematic depiction of a radiological assessment using the stochastic method.

The German Commission on Radiological Protection (SSK) passed a recommendation
for the clearance of iron and steel metal from nuclear power plants in 1987 [12], which is
based on a study using the stochastic approach [8]. In figure 3 the results of the stochastic
simulation for the clearance of 1000 tons of scrap for recycling is depicted. Since the metal is
assumed to come from nuclear power plants the radionuclides involved are well characterized
and typically dominated by Co 60. The simulations were carried out using a surface specific
clearance level of 0.37 Bq/cm2 (total activity) and a mass specific value of 1 Bq/g.

Each simulation of the stochastic model represents one possible realization of the
exposures from one year's practice of clearing of 1000 tons of scrap. The shaded histogram in
figure 3 is the average over 200 simulations and shows the average number of exposures per
dose interval, which decreases drastically with increasing dose. These results show that
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exposures in excess of 10 uSv/y occur but the number of persons receiving such doses is very
limited.

In each of the 200 simulations the largest individual dose was registered, one per
simulation. The second unshaded histogram in figure 3 shows the distribution of the largest
dose per simulation. This histogram shows that in nearly 50% of the modeled realizations of
the clearance practice nobody received a dose of 10 uSv/y or more. It also shows that doses
around 100 uSv/y are not impossible but that they are very unlikely, around once every 200
years.
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Figure 3. Results of the stochastic model used in Germany to evaluate the clearance of
iron metal scrap from nuclear power plants. The shaded histogram is the histogram
resulting from averaging the histograms out of 200 simulations. The non-shaded
histogram is graphic representation of the maximum individual dose registered during
each of the 200 simulations (results taken from [8]).

From this discussion of the exposures due to the clearance of metal scrap it is very clear
that a single value from a deterministic calculation for the exposure resulting from a clearance
practice does not represent reality. Even the maximum realistically expected doses vary over
more than an order of magnitude, reinforcing the conclusion that the dose is an ambiguous
quantity (see above). Basing clearance decisions on deterministic values alone does not take
into account how many exposures can be expected and how likely is it that the dose predicted
by the deterministic scenario will be exceeded. The lack of such information can lead to the
use of extremely unlikely scenarios to define clearance levels, which are overly restrictive, or
to scenarios which are not conservative enough and lead to clearance levels which do not
ensure adequate radiation protection.

2.3. Description of clearance decisions

For illustration purposes take the following decision,

"The individual dose arising due to clearance from practice X is acceptable,"

which has the formal form 'Vis E. The variable Vis the individual dose from the radiological
assessment and E is the event representing the property acceptable. The assertion (or
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decision), the proposition is true or the proposition is false, depends on the subjective
judgment acceptable individual dose, which must be quantified. Whether a dose is acceptable,
is not the subject of scientific investigation but is rather the result of the subjective judgment
of the society. In Germany the lOuSv concept as discussed above forms the basis for
acceptable. It should be stressed that this criterion is the subjective judgment of a group of
experts which has been widely accepted by decision makers, but is by no account universally
accepted and cannot be derived from mathematical or physical principals.

Let the decision making criterion be defined using an ordinary set mathematically
characterized by the indicator function,

The assertion is then true for an individual dose of 9.99 ^Sv/a and false for 10.01 jiSv/a,
which was not the intent of the experts. It is obvious that an ordinary set is not appropriate for
evaluating the vagueness of the 10 pSv decision criterion.

From the discussion in section 2.2 and the example above it is evident that clearance
decisions involve both types of uncertainty, ambiguity and vagueness. In making recommend-
ations involving clearance the SSK has relied on stochastic modeling to quantify the
ambiguity in predicting individual doses.

Taking the recommendation for the clearance of metal scrap [12], which is based on the
results presented in section 2.2, it is clear that the SSK views exposures in excess of 10 uSv/y
as acceptable under certain conditions. Although no mathematical recipe for quantifying the
vagueness of clearance decision has been published by the SSK, the implied decision making
criterion can be extrapolated from the SSK recommendation for the clearance of iron and
steel. The criterion can be simply stated in the following two maxims;

• the largest individual doses from a practice should on the average be around 10 uSv/y and

• the higher the dose the more unlikely it should be

The radiological assessment in [8] shows that the practice of clearing metal in Germany
fulfills these two basic principles. The first maxim can be seen as fulfilled, since the mean of
the maximum individual dose histogram (unshaded histogram in figure 3) lies at about
10 uSv/y. The average individual dose histogram (shaded histogram in figure 3) shows that
the second maxim is also fulfilled.

3. SUMMARY

The German approach to setting clearance levels is characterized by the use of
stochastic models to model critical waste streams. Typically deterministic studies are used to
define clearance levels. For the most important waste streams these deterministicly calculated
values are evaluated using the stochastic approach. The results of the stochastic approach can
then influence the final choice of the scenarios used to derive the clearance levels. After
thorough investigation and discussion of the derived clearance levels in committees of
independent experts (for example the German Commission on Radiological Protection, SSK)
set up by the German Environment Ministry, recommendations from these bodies are given to
the Ministry, which can in turn implement them in an appropriate manner. At present no
legally binding clearance levels exist in Germany so that the recommendations have only a
guiding character for licensing practices.



139

4. LITERATURE

[ 1 ] WONNEBERGER, S., KlSTINGER, S., DECKERT, A.

Unbiased guess, a concept to cope with fuzzy and random parameters?, European
Commission, Luxembourg 1995. EUR 16199 EN

[2] EUROPEAN COMMISSION ED.

Community's research and development programme on radioactive waste management
and storage -Annual progress report, 1994, Luxembourg 1995. EUR 16548 EN

[3] BROCKING, D.
German Approach to Very Low Level Waste Management,
these proceedings

[4] INTERNATIONAL ATOMIC ENERGY AGENCY ED.

Principles for the Exemption of Radiation Sources and Practices from Regulatory
Control, IAEA Safety Series No. 89, Vienna, Austria 1988

[5] COMMISSION OF THE EUROPEAN COMMUNITIES , ED .

Radiation Protection no. 65 - Principles and Methods for Establishing Concentrations
and Quantities (Exemption values) Below which Reporting is not Required in the
European Directive -, 1993

[6] L.A. ZADEH, FUZZY SETS,

Information Control 8 (1965) 338

[7] INTERNATIONAL ATOMIC ENERGY AGENCY ED.

Clearance Levels for Radionuclides in Solid Materials, TECDOC855 Vienna Austria
1996

[8] GORTZ, R.; GRAF, R.; KNAUP, A.G.

Strahlenexposition der Bevolkerung infolge der Freigabe von Eisenmetallschrott aus
Kernkraftwerken zur schadlosen Verwertung BMU-1989-222, Schriftenreihe Reaktor-
sicherheit und Strahlenschutz des BMU, ISSN 0724-3316, angefertigt von Brenk
Systemplanung, Aachen, 1988

[9] KlSTTNGER, S.; DECKERT, A.; GRAF, R.; G6RTZ, R.; GOLDAMMER, W.; THIERFELDT, S.;
JOHN, T.

Teil: Untersuchung zur schadlosen Verwertung von Bauschutt und Gebaudenteilen;
Teil: Ermicttlung der radiologischen Konsequenzen der schadlosen Verwertung von
a-haltigem Metallschrott; Sonderpunkte betreffend kontaminiertem Metallschrott. BMU
1994-394, Schriftenreihe Reaktorsicherheit und Strahlenschutz des BMU,
ISSN 0724-3316, angefertigt von Brenk Systemplanung, Aachen, 1993

[10] MORRIS, S.C.; MEINHOLD, F.

Probabilistic Risk Assessment of Nephrotoxic Effect of Uranium in Drinking Water
Health Physics, December 1995, Vol. 69, Nr. 6, S. 897

[11] ZEEVAERT, T.; VOLCKAERT, G.; VANDECASTEELE, C.

A Sensitivity Study of the SCK/CEN Biosphere Model for Performance Assessment of
Near-Surface Repositories Health Physics, August 1995, Vol. 69, Nr. 2, S. 243

[12] STRAHLENSCHUTZKOMMISSION

Recommendations of the commission on radiological protection 1987. Publication of
the German Commission on Radiological Protection, Bd. 10, Gustav Fischer Verlag
Stuttgart, New York 1988. ISBN 3-437-11233-3.



140
i n ii

XA9846112RADIATION PROTECTION AND HEALTH ASPECTS
OF EXEMPTION AND CUEARANCE

PIECHOWSKIJ:
Head of the bureau of radiation protection
Ministry of health
1, place de Fontenoy
75350 PARIS 07 SP
France

Abstract

After some topics of concern about terminology, assessment of dosimetric impact and appropriate use of
exemption and clearance levels, the position of the french public health authorities about clearance is developed. The
relevant operational quantities for clearance procedure should be at least both activity concentration and dose rate.
Management of materials is free below the clearance levels. Alternatives are considered for the converse situation.
Other risks (chemical, infectious) may be prominent. They should be clearly taken into account.

1. PRINCIPLES

The notions of exemption and clearance are based on two considerations of different
nature :

one is technical : exemption applies to limited amounts of material, at most about one
ton ; conversely there is no limitation of amount of material for clearance ;

- the other is regulatory : exemption is the right not to enter into the regulatory system of
radiation protection ; clearance is the right to leave this system.

Considering the health aspects, the aim is the same in both cases. The dosimetric impact
has to be controlled, i. e. the individual dose should not exceed a value related to a trivial risk,
namely 10 M̂SV per year. The Basic Safety Standards make the target of this restriction clear.
It does bear on the dose to any individual and not on an average dose [1].

In practice, appropriate scenarios of exposure are used in order to derive values for
operational quantities such as total activity or activity concentration, in compliance with the
10 ^Sv per year.

2. TOPICS OF CONCERN

2.1. Terminology

It is necessary to avoid a confusing use of the terms exemption and clearance. Indeed,
clearance applies to a priori large amounts of material, so that corresponding operational
quantities are lower than those related to exemption. Misuse of these concepts may lead to
unexpected and unacceptable dosimetric impact : this is clearly the case if exemption values
are feed for a clearance procedure. Some documents maintain yet such a confusion either in
their content or even in their title [2,3]- From this point of view, the IAEA Safety Series n°
89 [4] is now obsolete and should be urgently revised.
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22. Assessment of dosimetric impact

There should be a right relationship between the exemption or clearance values and the
corresponding dosimetric impact. This is not always so clear. For instance, the values for
exemption which are given in [1, 2] have been taken from [5]. It is written in [1,2] that they
correspond to a dose of 10 fiSv per year to any individual. The problem is that a kind of
average individual dose (weighting the individual dose by a probability of exposure) instead
of a true individual dose has been used in some calculations in [5]. Considering the parameters
introduced in the latter, it appears that an average individual dose of 10 ywSv may correspond
to a dose to any individual of some mSv. The same approach is developed for clearance levels
in [3]. However that may be, a clarification is needed concerning the real basis used for
estimating the dosimetric impact and for deriving the exemption or clearance levels. A set of
criteria for reference scenarios would be very useful.

23. Restricted use of exemption values

It is usually written : exemption applies to 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 [1,2]. The restriction
about the limited amount of material is not explicitely mentioned. Yet it should be, it is a
fundamental condition. If not, exemption levels may be used for large amounts of material,
what is typically the domain of clearance. This may lead to an unacceptable dosimetric impact.

3. CLEARANCE IMPLEMENTING

Radiation protection is one of the inevitable elements of the management of low level
radioactive waste or recyclable materials. Clearance levels allow to define an operational
boundary below which the materials do not present risk for health. They correspond to a trivial
dosimetric impact which should not exceed about 10 /iSv per year when assessing the
individual dose on the basis of realistic scenarios. As the amount of material may be large,
the relevant operational quantities should be both the activity concentration (Bq.g"1) and the
dose rate QJSV. h"1). Indeed, due to the miscellaneous situations which may be encountered,
it is not possible to establish a general model for the relationship between the activity
concentration and the dose rate, so that both are needed to master the dosimetric impact.
Usually, clearance levels for solids lie around a few Bq. g"1 and the maximum dose rate
emitted by the material must be below 1 f&v. h~\ Other secondary quantities may be useful,
such as for instance the activity per unit of surface (Bq. cm"2). They have to be determined
for each particular case.

Whatever the fate of the cleared material, two factors generally lead to mitigate the
radiological risk as time passes :

spontaneous or technological dilution,

- and radioactive decay.

This cannot be a reason to justify any loosening in the management of the materials in
question. In particular, their holders should be strictly forbidden to carry out deliberate dilution
in order to meet the clearance criteria. Such an operation should be considered as a fraudulent
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action intentcd to conceal radiological toxics from the public authorities. This is a sensitive
problem. It concerns both credibility ans ethics of the management of low level radioactive
materials and waste. Authorities should implement appropriate regulatory and control means
to master it.

From the health point of view about radiation protection, any management of the waste
or of the materials is free (yet with the above-mentioned reservation) below the clearance
levels. However, optimization should be taken into account. Sometimes inexpensive actions
may significantly reduce the doses. The responsible of the waste or material entering the
clearance procedure should demonstrate that he is using an optimum option.

Above the clearance levels, obligations linked to radiation protection health aspects have
to be considered. Actions must be engaged. In short, there are three alternatives :

- the material may be stored in specialized, dedicated centers ; this applies especially to
waste disposal ;

- it may be decontaminated until reaching the clearance levels ; this applies especially to
recyclable materials ;

- it may enter specific, controlled processes or pathways for which a demonstration
through scenarios of exposure has proved that the dosimetric impact is acceptable from
the health point of view ; traceability is essential for this last alternative.

4. OVERALL OBSERVATION

The considerations developed above are mainly focused on radiation protection. In the
case of very low level radioactive materials, it is obvious that health aspects other than
radiation may be prominent, like chemical toxicity (industrial waste) or infectious risk
(medical waste). Management of the materials should comply with the specific, relevant
regulations. Chemical or infectious risk may be well above the radiological risk. Objectivity
is needed to determine the appropriate option of management. The decision should be taken,
not being obsessed by the radiological risk.
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Abstract

The volume and concentrations of naturally occurring radioactive material is large across
a variety of industries commonly thought not to involve radioactive material. The regulation of
naturally occurring radioactive material in the United States is in a state of flux. Inventory of
naturally occurring radioactive materials is given, along with a range of concentrations. Current
and proposed regulatory limits are presented.

1. INTRODUCTION

With the passage of the Atomic Energy Act of 1954 the regulation of most uses of
radioactive materials was formalized. At the federal level the Atomic Energy Commission had
the authority to regulate the use of most radioactive materials. With the exception of uranium and
thorium of 0.05 or greater weight percent (source material), naturally occurring radioactive
materials were excluded from these regulations. The regulation of naturally occurring radioactive
materials remained within the purview of each of the individual states. Some activities of the
World War II effort to build the atomic bomb resulted in naturally occurring radioactive material
waste. Some of this waste continues to be the responsibility of the U.S. Department of Energy
and some is the responsibility of the U.S. Nuclear Regulatory Commission (the regulatory arm
of the old U.S. Atomic Energy Commission). Until the late 1970s, the only naturally occurring
radioactive material that had received much attention was purified 226Ra. The regulatory
requirements for 226Ra varied significantly from state to state. With the advent of more sensitive
radiation detectors, it has become relatively easy to detect above natural background levels of
naturally occurring radioactive materials. This advancement has created interest in the regulation
of naturally occurring radioactive materials. The purpose of this presentation is to: 1) Present
the magnitude of the problem of naturally occurring radioactive material as it exists in the United
States and probably throughout the industrial world, 2) Relate some of the dichotomies of the
regulations depending on where the regulatory authority lies, and 3) Suggest some policies that
I would like to see enacted.

2. MAGNITUDE OF THE PROBLEM

Table I summarizes the inventory of materials and waste streams with above background
levels of naturally occurring radioactive material. In my judgment these volumes are low. Also
presented are the concentrations of the long-lived naturally occurring radionuclides. One of my
major concerns regarding naturally occurring radioactive materials is that many plants have no
inkling that in the routine operation of the plant, naturally occurring radionuclides are being
concentrated. The first indication of a problem quite frequently occurs when waste is taken to
some type of landfill. Most waste and scrap facilities, at least in the southern part of the United
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States, have gate monitors for the detection of radioactive materials. Usually these monitors are
set to alarm at an elevated level only slightly above ambient background. When this occurs, the
waste or scrap facility rejects the load. It is common for these waste to include a chemical waste
which make the disposal of a "mixed waste" very difficult. Even if the waste contains only
radionuclides it is costly and difficult to dispose of such waste.

TABLE I. SOURCES, VOLUMES AND CONCENTRATIONS OF NATURALLY
OCCURRING RADIOACTIVE MATERIALS *

Waste
Stream

Phosphate

Phosphogypsum

Slag

Scale

Coal Ash

Fly Ash

Bottom Ash

Petroleum Production

Scale

Sludge

Petroleum Processing

Refineries

Petrochem Pints

Gas Plants

Water Treatment

Sludges

Resins

Mineral Processing

Rare Earths

Zr, Hf, Ti, Sn

Alumina

Cu and Fe

Geothermal Waste

Paper Mills

Production
Rate per Yr.

5.0 x 1010kg

4.8 x 10'°kg

1.5 x 109kg

4.5 x 106 kg

6.1 x 10'° kg

4.4 x 1010 kg

1.7 x 10'c kg

2.6 x 108 kg

2.5 x 107 kg

2.3 x 10« kg
**

**

**

**

3.0 x 108 kg

2.6 x 108 kg

4.0 x 107 kg

1.0 x 1012 kg

2.1 x 107 kg

4.7 x 108 kg

2.8 x 109 kg

1.0 x 1012kg

5.4 x 107 kg
**

Total U
Bq/kg

bkgd - 3000

bkgd - 500

800 - 3000
• *

100- 600
**

**

**

**

**

* •

* *

* *

* *

* *

* *

* *

6 - 129000

26000 - 129000

6 - 3200

400 - 600

<400
**

**

Total Th
Bq/kg

bkgd- 1800

bkgd - 500

700- 1800
**

30 - 300
**

**

**

**

• *

* *

* *

• *

* •

* *

* *

* *

8 - 900000

9000 - 900000

8 - 660000

500 - 1200

<400
• *

* *

Total Ra
Bq/kg

400 - 3700000

900 - 1700

400 - 2100

1100- 3700000

100 - 1200
**

**

bkgd - 3700000

bkgd - 3700000

bkgd - 3700
***

>4000

>4000
***

100 - 1500000

100 - 1200

300 - 1500000

< 200 - 129000

13000 - 129000

300- 18000

300 - 500

<200

400 - 16000

>3700

* Derived partially from US EPA, 1993 [1]

** Data not available

*** Lead-210 and PoIonium-210
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In the last year I have been involved in four instances where shipments of waste tripped
gate monitors. In three of these cases there was no idea that the plant generated waste that
contained radionuclides. I will describe two of the incidents to illustrate how far removed from
the nuclear industry such incidents can occur. In the milling of rice the husk is removed leaving
the white rice. In the steel industry rice husk is used as a thermal blanket. Gate monitors at a
steel mill were tripped by a shipment of rice husk. I was not able to follow this situation to
resolution; therefore, I do not know the radionuclide. In my opinion it was probably uptake of
naturally occurring radioactive material in fertilizer or soil conditioner.

The second incident involved a municipal sewer plant. A shipment of sewer sludge
tripped the gate monitor at a landfill. The radionuclide was 131I. I realize that I31I is not a
naturally occurring radioactive material. I relate these two incidents to illustrate the problems
caused by the lack of proper regulation of naturally occurring radioactive material. Had the
landfill or the steel plant had guidelines and knowledge regarding appropriate alarm levels and
acceptable levels of radioactive materials neither of these incidents would have occurred. The
other two incidents are confidential and I am not at liberty to discuss them except to say that gate
monitors were tripped.

3. REGULATORY ISSUES

At the federal level there are two agencies that have promulgated regulations regarding
naturally occurring radioactive materials. The U.S. Environmental Protection Agency (EPA) [2]
has regulations covering naturally occurring radioactive material in uranium mill tailings, thorium
waste, and metal mining waste. The U.S. Nuclear Regulatory Commission (NRC) [3] has
promulgated regulations covering licensed activities with uranium or thorium. Current regulations
are for the most part concentration based. Tables II summarize current regulations. For
comparison purposes guidelines used by the U.S. Department of Energy (DOE) [4] at its own
facilities are also included. In 1994 EPA proposed a risk base limit for remediation of sites
contaminated with radioactive materials. The proposed regulations did not exclude naturally
occurring radioactive materials. As a result of objections raised by other federal agencies the
proposed regulations have been withdrawn. However, I believe the EPA will propose similar
regulations in the future. Recently the NRC proposed risk based regulations for the remediation
of areas contaminated with radioactive material. The Conference of Radiation Control Program
Directors (CRCPD) [5], an organization of individual state radiation control program directors,
is developing a suggested state regulation for naturally occurring radioactive material. The
proposed limits are also presented in Table III.

Thirteen states have promulgated or proposed regulations covering naturally occurring
radioactive material. These are given in Tables IV and V. Among these 13 states there are seven
different sets of limits. To illustrate differences between states, the following examples are given:
In the state of Louisiana waste from bauxite ore processing is exempt and in Texas it is not. In the
states of Texas and Mississippi the remediation of petroleum production sites is under the control
of the agencies that regulate petroleum production rather than the radiation regulatory authority.

4. RISK OF EXPOSURE TO NATURALLY OCCURRING RADIOACTIVE MATERIALS

It is not my intent to present an indepth risk analysis; however, I would like to offer the
following quotes from BEIR IV [10]:
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Below an average skeletal dose of about 0.8 Gy, the chance of developing bone cancer
from radium-226 and radium-228 during a normal lifetime is extremely small — possibly
zero.

Risk estimates for thorium-232 induced liver cancer, bone cancer and leukemia — for
thorium dioxide and its progeny. For liver cancer, a lifetime risk is estimated to be
about 3 x 10-2 per person-Gy ~ to the liver. For bone sarcoma, the lifetime risk is
estimated to be about (0.55 - 1.2) x 102 per person Gy. For leukemia, a lifetime risk
of about (0.5 - 0.6) x 10-2 per person Gy.

It is concluded, on the basis of present evidence, that the general population risk
associated with natural uranium is very low and might be negligible.

TABLE II. FEDERAL REGULATIONS COVERING NATURALLY OCCURRING
RADIOACTIVE MATERIAL

Agency Category Limit Reference

EPA Uranium Fuel Cycle

EPA Thorium

EPA Inactive Uranium
Processing Cleanup

EPA Uranium Mill
Tailings Disposal

EPA Uranium, Radium and
Vanadium Mining

NRC Disposal or On-Site Storage of
Thorium or Uranium Wastes

from Past Operations

NRC Disposal or On-Site Storage of
Thorium or Uranium Wastes

from Past Operations

DOE Formally Utilized Sites

.25 mSv Whole Body
.25 mSv Any Organ

.75 mSv Thyroid

.25 mSv Whole Body
.25 mSv Any Organ

.75 mSv Thyroid

2J6Ra 180 Bq/kg
Top 15 cm Soil

550 Bq/kg subsequent 15 cm depth

Total Uranium 1 Bq/1
Gross Alpha 0.6 Bq/1
Total Radium 0.2 Bq/1

Effluent Dissolved 226Ra 3mg/l

Natural Thorium 370 Bq/kg
Depleted Uranium 1300 Bq/kg

Natural Uranium Ores 370 Bq/kg

Higher Concentrations Allowed
if Buried or

Under Institutional Control

226Ra5 228Ra? 232Tn, and »°Th

180 Bq/kg top 15 cm, 550 Bq/kg
subsequent 15 cm depth

Basic Dose Limit 1 mSv/yr

CFR 40.192.10

CFR 40.192.41

CFR 40.192.12

CFR 40.192.03

CFR 40.440.32

Federal Register
October 23, 1981

Federal Register
October 23, 1981

ANL/ES-160
DOE/CH/8901
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TABLE III. PROPOSED REGULATIONS COVERING NATURALLY OCCURRING
RADIOACTIVE MATERIAL

Agency Category Limit Reference

EPA

NRC

Remediation

Remediation

CRCPD Remediation

0.15 mSv equivalent to 20 Bq/kg of
uranium or 30 Bq/kg of thorium [6]

0.25 mSv equivalent to 30 Bq/kg of
uranium or 50 Bq/kg of thorium

1 mSv/yr

US EPA [7]
Proposed

US NRC [8]
Proposed

Suggested State
Regulations Draft

2/17/97

TABLE IV. STATE REGULATIONS FOR THE REMEDIATION OF SITES
CONTAMINATED WITH NATURALLY OCCURRING RADIOACTIVE MATERIAL [9]

Radium Remediation Standard Number of States

180 Bq/kg top 15 cm of soil
1100 Bq/kg subsequent 15 cm depth

180 Bq/kg

1100 Bq/kg

180 Bq/kg top 15 cm if radon greater than 740 Bq/m3-sec
or

1100 Bq/kg top 15 cm if radon less than 740 Bq/m3-sec

180 Bq/kg top 15 cm
550 Bq/kg subsequent 15 cm depth

or 1100 Bq/kg if dose does not exceed 1 mSv/Yr

Dose less than 0.15 mSv

180 Bq/kg top 15 cm if radon greater than 740 Bq/m3-sec

3

2
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TABLE V. STATE REGULATIONS COVERING EXEMPT QUANTITIES OF NATURALLY
OCCURRING RADIOACTIVE MATERIAL

Radium Exemption Standard Number of States

180 Bq/kg 4

180 Bq/kg top 15 cm if radon greater than 740 Bq/m3-sec 4

180 Bq/kg above background 1

1100 Bq/kg 2

Dose less than 0.15 mSv 1

180 Bq/kg top 15 cm depth 1

5. UNREGULATED SOURCES OF NORM

Data is presented in Table VI on material that is routinely spread over soil without
regulatory control. Note that these concentrations are above current remediation criteria and
significantly above the proposed limits. We call this material fertilizer.

TABLE VI. SOURCE OF NATURALLY OCCURRING RADIOACTIVE MATERIAL
ROUTINELY DILUTED

Total Total Total Total
Annual Uranium Thorium Radium Potassium

Rate Bq/kg Bq/kg Bq/kg Bq/kg

Fertilizer 5.2 x 109 kg 1500-5000 700-2400 180-400 16000

5. SUGGESTIONS

Develop an informational and training program to alert industries of a potential problem.

If a radionuclide is a hazard at a given concentration, it is a hazard regardless of the
regulatory environment. If an atom of uranium poses a hazard at a DOE facility or a NRC-
licensed site, then the atom of uranium poses the same hazard at an alumina or rare earths
production site. I suggest that radionuclides be regulated in a uniform and consistent manner.
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The current situations of gate monitoring resulting in the refusal of shipments without
an evaluation of the exposure potential is counter productive. I suggest that procedures or
guidelines be established so that generators of naturally occurring radioactive waste are not
unnecessarily refused entry to properly licensed land fills.
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OCCUPATIONAL EXPOSURE IN HIGH NATURAL BACKGROUND
SITUATIONS

W. Kraus
Bundesamt fur Strahlenschutz
Postfach 10 01 49
38201 Salzgitter, Germany

1. An introductory remark on the continual terminology problem

Moving in the field of radiation protection from natural sources one becomes aware soon
of certain difficulties using common definitions of terms. A source is "excluded" from the
protection system if it is not amenable to control, and it is "exempted" if the risk is trivial,
i.e. effective dose below 10 uSv/a. Exposures in high natural background situations may
be amenable to control, their risks are far from being trivial, but they are "not included" in
the radiation protection control.- Per definition an "action level" refers to a measured
activity concentration or dose rate. An annual average radon concentration of
1000 Bq/m3 corresponds to this definition. However, it may be more appropriate to apply
an action level for the annual exposure to radon of 2 MBqh/m*3.- Very often the meaning
is rather that of a "non-action level", i.e. an intervention is not justified if it is not
exceeded.- If in a high natural background situation after remedial actions the
established action level is not exceeded, the requirements for occupational radiation
exposure control do not apply even if a minimum further control may be required to prove
that the exposure conditions persist.

It doesn't make sense to change existing definitions of terms or to define new terms. It is
only important that any requirements are unequivocally laid down together with the
conditions how to meet them. Instead of running in a fruitless discussion on the
terminology we should simply and clearly say what we mean! This is the easiest way to
avoid any misunderstandings.

2. High natural background situations and recommendations in the
Basic Safety Standards

The worldwide average annual effective dose to adults from natural sources amounts to
2.4 mSv [1], one quarter is incurred at work. That is why occupational exposures in high
natural background situations should not be controlled if they are less than 1 mSv per
year. (That does not mean that annual doses exceeding 1 mSv necessarily require a
control!) Possible workplace types where doses above 1 mSv per year may be incurred
are:

High altitude flight with increased exposure to cosmic radiation, will not be
discussed in this paper.
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Workplaces with elevated gamma radiation dose rates above 0.5 uSv/h from
ground and building materials, will also not be discussed in this paper.

Mining, milling, handling, processing and use of materials containing elevated
levels of natural radionuclides as well as handling of materials where the activity
concentration of natural radionuclides had been increased due to processing.
According to the data in UNSCEAR-Report 1993 [1] activity concentrations in the
order of 1-10 Bq/g may lead to annual exposures of 1-2 mSv under dusty
conditions [2].

Workplaces with elevated levels of radon and radon progeny. They may belong to
the preceding workplace types as well, e.g. uranium mining.

In the Basic Safety Standards of the IAEA [3] (paragraphs 2.1, 2.2 and 2.5) it is
recommended that requirements for practices apply in the following cases:

exposures to natural sources specified by the Regulatory Authority requiring
control (thus a prudent gradual inclusion of workplaces in the radiation protection
system is possible on an unambiguous legal basis),

mines and mills processing radioactive ores (example: uranium mining and
milling),

installations and facilities which contain radioactive substances (example: sealed
and unsealed sources with purified forms of naturally occurring radionuclides such
asRa-226),

workplaces with exposure to radon required by or directly related to the work
(example: radon spas),

workplaces with exposure to radon incidental to the work but higher than the
action level for remedial action relating to chronic exposure situations involving
radon at workplaces (examples: numerous workplaces underground and above
ground such as non-uranium mining and water-supply installations).

In paragraph 2.5 it is furthermore laid down that exposure to natural sources should
normally be considered as a chronic exposure situation and, if necessary, shall be
subject to the requirements for intervention. This statement reflects the fact that
occupational exposures in high natural background situations are with few exceptions
exposure situations existing already for a long time.

Summarising these requirements the following approach may be used: At first the
exposure situation for workplaces of a specific type with exposures from natural sources
should be investigated in a national scale. After having got an overview a decision
should be made whether certain workplace types should be included in the system of
radiation protection control. This may be done by defining it as a practice. The other way
is to treat it as an intervention situation. Then an action level has to be established. Only
if this is exceeded a remedial action should be carried out. If afterwards the action level
is not any more exceeded, no further radiation protection control is required. If the
intervention is not successful, requirements for occupational radiation exposure apply.
This means actually that there is no difference to a practice. On the other hand, it may be
sometimes advisable to establish specific reference levels even for those workplace
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chosen. For suspected workplaces, e.g. in coal and other mines, radon spas, water
supply stations or show mines, inquiry measurement programmes were carried out. If
justified by high exposures a remediation programme was initiated. For these protective
actions no legal basis did exist, nevertheless the affected parties reacted responsibly
and reasonably. To a certain extent monitoring programmes were initiated as well.

The radon problem In the eastern part of Germany in the 70's was tackled in a similar
way. According to the assumed exposures inquiry measurement programmes were
initiated and a radiation protection institutional control introduced if necessary, even if a
legal basis was still missing except for the uranium industry. However, in 1984 a legal
basis with a new radiation protection ordinance was available. The inclusion of
workplaces with high radon exposures was systematically continued and the usual
radiation protection system for practices with licensing and regulatory supervision
implemented. The applied "inclusion level", since based on the older dose convention,
was approximately 30% of the recommended "action level" of 1000 Bq/m3 (assumed
equilibrium factor F = 0,4). A radiation protection altogether for the following workplace
types in addition to uranium mining and milling control regime was introduced step by
step:

underground work for mine area subsidence prevention
conventional ore mining
mineral underground mining
shaft construction
radon spas
show caves, show mines
water treatment facilities

In mining under the particular conditions (0.02 % uranium in ore on average, less than
2mg/m3 dust) the external gamma radiation and the inhalation of long-lived radionuclides
contribute less than 10% to the total radiation exposure, i.e. only the exposure by short-
lived radon daughter products needs to be controlled. For that purpose a cost-effective
area monitoring at representative workplaces was used. Taking into account the working
time, an individual exposure was assigned to each worker. A precondition for reliable
workplace monitoring is a quality testing and assurance system, in East Germany
provided by the Regulatory Authority. The representativity of workplace monitoring for
assessing individual exposures is limited but acceptable with regard to the long term
exposures under the rather homogeneous exposure conditions. However one should
keep in mind that at present it is much more important to reduce high exposures than to
get an accurate assessment of single individual exposures! By the way, for clean-up
work in the uranium industry the working conditions for single workers may significantly
vary and the contribution of external radiation and inhalation of long-lived radionuclides
might reach more than 50% of the total exposure. For these workers the French
individual dosimeter ALGADE for monitoring all exposure components has been
successfully deployed.

Looking at the two German approaches one comes to the conclusion that with respect to
the dominant task -reduction of the highest exposures- both approaches are comparable.
However, only the systematic legally based approach provides a comprehensive
assessment of the exposures and secures implementation of radiation protection
measures at aHjelevant workplaces.
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types which should be treated as a practice. The workplaces may be excluded from
further control if they are not exceeded. Obviously these reference levels should be
consistent with any established action levels. In the Basic Safety Standards it is laid
down (see above) that for workplaces with exposure to radon incidental to work the
action level shall directly be used to decide that the requirements for practices apply. It
has to be said that there is no sharp borderline between practices and intervention
situations. It is only essential that in any regulations clear requirements and conditions
how to meet them are laid down.

In the Basic Safety Standards only for workplaces with radon exposure incidental to work
an action level for the average annual radon concentration of 1000 Bq/m3 is given. Action
levels for handling materials with elevated concentrations of natural radionuclides may
be derived from an appropriate dose criterion and may be in the order of 1-10 Bq/g or
even higher depending on the exposure conditions.

3. Exposures at workplaces where material with elevated
concentrations of natural radionuclides is handled.

In Table 1 it is attempted to summarize information in the UNSCEAR reports 1988 [4]
and 1993 [1] on possible exposures at workplaces where material with elevated
concentrations of natural radionuclides is handled, processed, used or present. More
than a very rough estimate is not possible, and this estimate is far from being
representative for more than few countries. Therefore in Table 1 relevant information
from a likewise rough survey of a Working Group of the German Radiation Protection
Commission [5] is added. These estimates refer to the specific conditions in Germany
and differ from the UNSCEAR estimates in some cases. In Table 2 and 3 further
information provided by the German Radiation Protection Commission on other working
place types is summarized. In Germany the production of wolfram welding electrodes
with thorium and of thorium gas mantles are treated as practices (licensing and
supervision). In some other cases it could be shown that good conventional health and
safety precautions are sufficient to secure that 1 mSv in a year is not exceeded. Future
decisions on radiation protection at such workplaces will be based on new national
regulations as a consequence of the EURATOM Directive and on further thorough
investigations of the situation at relevant workplace types.

It goes without saying that uranium mining and milling as well as decommissioning and
closure of uranium mines and mills are treated as practices.

4. Exposures at workplaces with elevated radon concentrations

At present radon at workplaces seems to be more important than the other natural
sources dealt with in section 3 or mentioned in section 2. The action level for the
average annual radon concentration at workplaces of 1000 Bq/m3 may be translated in
an annual radon exposure of 2 MBqh/m*3 This corresponds to an annual effective dose
of 6 mSv. It should be noted that this action level is consistent with an action level for the
average annual radon concentration in dwellings of 400 Bq/m3.

In Germany before the unification two different approaches were used to the radon
problem at workplaces. In the western part of the country a pragmatic approach was
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In Fig.1 and 2 the monitoring results for East Germany are given as average annual
individual exposures for appropriate groups of workplaces [6]. The measured potential
alpha energy exposures were converted into effective doses using the dose convention
in ICRP publication 65 [7]. The exposures are higher than those incurred at work with
artificial radiation sources! The number of monitored workers is continuously decreasing
because of the personnel cutback in industry. Whereas in the uranium mining and milling
about 14000 workers were monitored, in the clean-up phase of this industry 2600
workers remained in 1993. In conventional mining in the 80's approximately 8000
workers, in 1990 approximately 3500 and in 1993 only 600 workers were monitored. The
corresponding numbers for "other" workplaces are 300-200.

Fig.1 and 2 show a decrease of the exposures with time. This is the result of the initiated
protection measures at all types of workplaces. In mining the exposures to radon
progeny were reduced by enhancement of the ventilation intensity, change of the
ventilation regime from underpressure to overpressure if possible or sealing off
abandoned tunnels and galleries. Filtration of air for auxiliary ventilation at special
workplaces and improvement of drainage of mining water were less effective. The total
costs for radiation protection measures in 1980-1985 were very roughly estimated to
amount to 20-50 Million DM

5. Conclusions and outlook

Before any regulations regarding occupational radiation protection against natural
sources are implemented a survey of the exposures and exposure conditions under the
specific national circumstances should be done. If high exposures are detected, an
attempt to introduce immediately at least preliminary protection measures is advisable.
Prerequisite for a satisfactory solution of protection against occupational exposures to
natural sources are clear regulations: identifying practices and intervention situations,
establishment of action levels, adapted procedures for registration or licensing and
supervision including adequate monitoring methods and quality assurance. It seems that
exposure to radon and radon progeny is the dominating problem.

If for this problem a regulatory approach is envisaged, a basic question arises. After
having established an action level, it should be made clear whether it automatically has
to applied to all workplaces, i.e. also for workplaces above ground such as normal offices
or workshops, hospitals, schools etc. Because it is hardly foreseeable how many
workplaces are affected and how they might be systematically identified, it is advisable to
introduce into the decision process a step, where the Regulatory Authority can declare
what type of workplace at what time should be considered.

Table 4 shows an extremely rough assessment of the number of workers and enterprises
in Germany that might be expected to have to be included in a control regime. This may
underline the above words of caution. They are not in contradiction to the Basic Safety
Standards as discussed in section 2. In a draft of an IAEA Safety Guide [2] it is said: It
should be noted that identification of (occupational) exposure situations with natural
sources of radiation requiring attention may take a considerable time and it is therefore
appropriate for the Regulatory Authority to develop a strategy that will allow the matter to
be dealt with in a manageable way. The EURATOM directive [8] is even more definite. In
Title VII it is said: 2.Each member state shall ensure the identification by means of
surveys or by other appropriate means, of work activities which may be of concern.
These include in particular: ....(examples of workplace types as already discussed



156

follow)...3.(Protection requirements) ...shall apply to the extent that the member states
have declared that exposure to natural radiation sources due to work activities identified
in accordance with paragraph 2 ...needed attention and had to be subject to control.

Generally we will hardly face problems with underground workplaces. A ventilation as the
most efficient protection measure is normally anyway available and may be improved.
Above ground we usually have a more difficult situation as the workplaces are located in
normal houses. Therefore we should aim at a consistency of our countermeasures at
workplaces with the efforts to solve the problem of elevated radon concentrations in
dwellings.

If an individual monitoring of the exposure of workers to radon or radon progeny,
respectively, is necessary, a compromise between accuracy and costs should be sought.
Alternatives, beside passive radon track or electret detectors, are electronic radon or
radon progeny dosemeters, active track dosemeters for radon progeny or, if realizable,
passive radon progeny detectors. Further development is needed.
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Type of workplace

Handling fly ash from coal fired
power plants

Oil and gas industry (scales)

Mining, processing, transporting
phosphate rocks
Transporting, storing, applying
phosphate fertilizers

Industrial use of zircon sands

Surface mining of monazite

exp. pathw.

ext.

X

X

X

dust

X

X

X

X

X

E>
1 mSv/a

no no

yes no

yes?

no? yes

yes?.yes?

yes "no

Table 1: Rough estimate of possible exposure at workplaces where
material with elevated concentrations of natural radionuclides
is handled (Information from UNSCEAR 1988 and 1993 and
from the German Radiation Protection Commission 1997 )

Type of workplace

Utilization of monazite
Use of thorium polish in optical
industry

Thorium in wolfra

Thorium gas man

m welding electrodes

production

transport, storage

use

ties

production

transport, storage

use

exp. pathw.

ext.

X

X

X

X

dust
X

X

X

X

X

E>
1 mSv/a

no

no*

ps
no?
no*

yes

yes

no

* only if good conventional health and safety precautions applied!

Table 2: Rough estimate of possible exposure at workplaces where
material with elevated concentrations of natural radionuclides
is handled (Information from the German Radiation Protection
Commission 1997)
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Type of workplace

Production of sulphurous acid
(pyrite roasting)

Handling and using coke slag in
steel production and other processes
Mineral processing (pyrochlorine
ores, production of wolfram, titanium)

Scrap recycling from oil and gas
industry
Maintenance of coal mine
dewatering pipes

Aluminium production

exp. pathw.
ext.

X

X

X

X

X

X

dust

X

X

X

X

E>
1 mSv/a

no

no

yes?

no?

no?

no

Table 3; Rough estimate of possible exposure at workplaces where
material with elevated concentrations of natural radionuclides
is handled (Information from the German Radiation Protection
Commission 1997)

Uranium industry cleanup

Conventional mining and
similar facilities
(without coal mining)

Other facilities monitored
at present

Total

All "workplaces" including
bureaus, workshops,
schools etc.

>1000Bq/m3

Facilities

3

20

61

84

Workers

2000

600

400

3000

workers
20,000 - 60,000

> 3000 Bq/m3

Facilities

-

5

21

26

Workers

-

150

100

250

workers
< 10,000

Table 4: Assessment of expected numbers of facilities and workers to be classified
as occupationally exposed to radon (progeny) in Germany assuming two
different action levels
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in Germany



E
c

yj
U)o
a

14

12

10

8

6

<

Hi Cleanup units

• !Uranium milling

• i Uranium mining

! I Non-uranium industry

1975 1980 1990 1995
: Average annual exposures to radon progeny of workers in the uranium industry and at other workplace types in

East Germany



161

CONTROL OF HIGH NATURAL ACTIVITY BUILDING MATERIALS
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Abstract

Enhanced levels of natural radioactivity in the ground can cause problems with high concentrations of
indoor 222Rn, elevated levels of gamma radiation and natural radioactive elements in drinking water.
Of the Nordic countries it is essentially Finland, Norway and Sweden that have problems with
enhanced natural radioactivity in the ground and in building materials. Finland and Sweden have
among the highest mean 222Rn concentrations in dwellings in the world, 123 Bq m'3 and 108 Bq m"3,
with a corresponding mean annual effective dose of about 2 mSv. In Sweden about 500 000 and in
Finland and Norway about 200 000 persons get their drinking water from wells drilled in bedrock.
The water from a large number of these wells contain elevated levels of naturally occurring
radioactive elements, primarily 222Rn. The action levels for 222Rn in dwellings and above-ground
workplaces are essentially the same in Finland, Norway and Sweden: 200 Bq m"3 for new buildings
and 400 Bq m'3 for existing buildings. For mines and underground excavations, however, there are
some differences. The treatment of gamma emitting natural radionuclides in building materials etc. is
similar, although there are differences in the degree of control. The action levels for 222Rn in drinking
water differ from 100 Bq I"1 to 500 Bq I'1. The action level in Finland has the form of an activity index
that restricts also other radioactive nuclides. Denmark has not adopted a formal radon policy and has
no recommended or legally binding action levels for 222Rn or any other naturally occurring
radionuclides.

1. INTRODUCTION

Enhanced levels of natural radioactivity in the ground can cause problems with elevated
levels of 222Rn in buildings and underground workplaces as well as elevated levels of gamma
radiation, both indoors and outdoors. Furthermore it can cause high levels of natural
radioactive elements in drinking water from wells drilled in the bedrock.

Of the five Nordic countries it is essentially Finland, Norway and Sweden mat have
problems with enhanced natural radioactivity in the ground and in building materials. This is
because of the geologic conditions with great abundance of granites and pegmatites rich in
uranium and sometimes in thorium in all three countries and large areas of uranium-rich alum
shale in Sweden and Norway. In Denmark and Iceland the concentrations of naturally
radioactive elements in the bedrock are much lower and consequently these problems are
much less pronounced.

1.1. 222Rn levels

222Rn causes the highest radiation doses to the population of the Nordic countries. The
most important source for indoor radon is the ground. Other sources are building materials
and radon-rich household water. Finland and Sweden have the highest mean radon levels in
dwellings, 123 Bq/m3 [1] and 108 Bq/m3 [2] respectively. Using the dose conversion
convention recommended by the ICRP in its ICRP 65 [3] report this implies a mean annual
effective dose from radon in dwellings of about 2 mSv, roughly half of the total mean annual
effective dose to the population in these countries. The radon levels and the calculated mean
effective doses in the Nordic countries are shown in Table 1.
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TABLE 1. LEVELS OF 222Rn IN DWELLINGS IN THE NORDIC COUNTRIES AND THE
CORRESPONDING CALCULATED MEAN ANNUAL EFFECTIVE DOSES [1,2,4,5,6,7]

Country

Denmark
Finland
Iceland
Norway
Sweden

222Rn concen-
tration, Bq m'3

47
123
8
75
108

Annual effective
dose^mSva1

0.8
2.1
0.1
1.3
1.8

1 Calculated using the dose conversion convention recommended by
the ICRP [3]. 80 percent occupancy has been assumed.

The levels of 220Rn and its progeny have been investigated in Norway and Sweden. The
estimated mean concentration of 220Rn progeny (EET) in Norway is 0.3 Bq/m3 [8] and in
Sweden 0.5 Bq/m3 [9] which according to UNSCEAR 1993 [4] would give an annual
effective dose of about 0.1 mSv. 220Rn gas would give less than 0.01 mSv per year.

1.2. Terrestrial gamma radiation

1.2.1. Outdoor gamma radiation

The gamma radiation outdoors in the Nordic countries vary from an absorbed dose rate
in air of about 30 nGy h"1 (cosmic radiation at sea level) up to about 150 000 nGy h"1 over
small areas of uranium mineralisations [10]. In Sweden the mean outdoor gamma radiation
level has been calculated from air-bome measurements. In Finland and Norway the outdoor
gamma radiation has been surveyed by measurements from cars, while the levels in Denmark
and Iceland have been estimated from point measurements in different parts of the countries.
In Sweden about 1 % of the surface area consists of alum shale with a gamma radiation level
from 100 nGy h"1 to 300 nGy h"1. In the Bohus granite area in the western part of Sweden the
gamma radiation in quite large areas is between 150 nGy h"1 and 250 nGy h"\ locally up to
about 400 nGy h"1 [10]. Finland has a rather large area of uranium-rich Rapakivi granite in
the south-eastern part of the country with gamma radiation levels from 150 nGy h"1 to more
than 200 nGy h'1 [11]. The mean terrestrial outdoor gamma radiation levels in the Nordic
countries are shown in Table 2.

1.2.2. Indoor gamma radiation.

Surveys of the levels of gamma radiation indoors have been conducted in Denmark,
Finland, Norway and Sweden. For Iceland the levels have been estimated. Due to the
geological conditions the levels are highest in Finland, Norway and Sweden. In Sweden
lightweight concrete based on uraniferous alum shale was used extensively as a building
material between about 1930 and 1975. This material, called "blue concrete" in Sweden
because of its dark bluish-grey colour, contains between 600 and 2 600 Bq kg"1 of 226Ra [12].
The gamma radiation in dwellings built from this material varies from about 200 nGy h"1 to
more than 1 000 nGy h' depending on the concentration of Ra and the number of walls
containing the material. In the 1975 building stock about 10 % of the building material used
was "blue concrete". The mean levels of indoor gamma radiation in the Nordic countries are
shown in Table 2.
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TABLE 2. MEAN TERRESTRIAL OUTDOOR AND INDOOR GAMMA RADIATION
LEVELS IN THE NORDIC COUNTRIES [4,5,6].

Country

Denmark
Finland
Iceland
Norway
Sweden

Outdoors
Absorbed
rate in air,
38
651

28
73
562

dose
nGy h"1

Indoors
Absorbed
rate in air,
63
80'
23
95
110

dose
nGy h 1

'Population weighted mean
2A population weighted mean has not been calculated but would
probably be as high or higher as in Finland and Norway

1.3. Naturally occurring radionuclides in drinking water

In water from wells drilled in bedrock the concentrations of naturally occurring
radionuclides such as 222Rn, 226Ra, 228Ra, 2I0Pb, 210Po, 238U and 2UU can be high. Drinking
water from waterworks using surface water usually contain very low levels of natural
radionuclides. The levels of natural radionuclides in water from dug wells are on the average
considerably lower than in drilled wells. The use of drilled wells is becoming increasingly
popular in the Nordic countries, especially in Finland, Norway and Sweden. Private wells are
common in sparsely populated areas without common water supplies. Drilled wells are also
used for small municipal waterworks and as water supplies for small villages, schools,
hospitals etc. According to UNSCEAR 1993 the annual effective dose to an infant in a
household with a radon concentration of 1 000 Bq I"1 in the drinking water is 7 mSv. For a ten
year old child the effective dose would be 1.5 mSv and for an adult 0.5 mSv (with an assumed
annual consumption of untreated water of 1001 for an infant, 75 1 for a ten year old child and
501 for an adult) [4].

A survey of 222Rn and 226Ra from waterworks and a random sample of 500 private
drilled wells in Sweden was conducted in the 1980's. The levels of 222Rn were low for water
from waterworks, the mean 222Rn concentration was about 20 Bq I"1, while the mean
concentration for drilled wells was 212 Bq I"1 [13]. The highest concentration found so far in
Sweden is 57 000 Bq I1. In total there are about 200 000 drilled wells in Sweden utilised all
year round by permanent residents and 200 000 - 300 000 drilled wells utilised by non-
permanent recreational residents. An estimated number of 20 000 - 30 000 permanently used
wells, about 10 percent, have radon levels exceeding 500 Bq I"1, and about 10 000 exceeding
lOOOBql1.

In Finland about 200 000 people use water from drilled wells. More than 7 000 private
wells have been studied. Half of these wells have 222Rn levels exceeding 500 Bq I"1. The
average 222Rn concentration in water from drilled wells is 930 Bq I"1 and from wells dug in
soil 76 Bq V1. The highest concentrations of 222Rn (maximum 77 000 Bq I"1) and uranium
(maximum 12.4 mg I"1) have occurred in southern Finland in uraniferous granite areas [14].

In Norway about 120 000 of the homes use ground water from drilled wells in bedrock.
Samples from about 3 500 drilled wells have been analysed for radon. The average
concentration was between 100 and 200 Bq I"1. About 13 percent of the wells had radon levels
exceeding 500 Bq I"1 [15]. In Denmark measurements on natural radioactivity were made in
the 1980's. Only in one case was the radon concentration elevated [25].
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2. CONTROL OF INDOOR RADON

2.1. Sweden

2.1.1. Dwellings

The strategy for the Swedish radon programme was drawn up by the governmental
Radon Committee in 1979 and was finally decided by the Government in 1985. The long term
goal for this programme is to reduce the mean radon concentration in dwellings to 50
Bq m"3, about half the present mean level. In this context radon concentration means the
annual average of the radon concentration.

For new buildings high radon levels should be avoided by taking preventive measures
before and during the building of the house. The action level for new buildings, set by the
central building authorities, is 200 Bq m"3. Existing homes with radon concentrations
exceeding the action level (today 400 Bq m"3) should be located and the levels reduced by
remedial measures. Also in homes with levels between 200 and 400 Bq m"3 the concentrations
should be reduced if it can be done with relatively simple measures. If the radon concentration
in a home exceeds 400 Bq m"3 it can be declared as unsanitary and the owner can be forced to
take countermeasures. The owner of a detached house can get financial support from the
Government for half the cost of the remedial measures up to a maximum contribution of
15 000 Swedish Crowns (equivalent to about 2 000 USD).

The Swedish Radiation Protection Institute, SSI, has the overall responsibility to follow
the development of radiation in dwellings, particularly for measurement techniques and risk
estimation. SSI has estimated that radon in dwellings could cause between 300 and 1 500 lung
cancer deaths each year in Sweden. This estimation is based primarily on epidemiological
studies of miners and the Swedish national epidemiological study of radon in dwellings and
lung cancer. SSI has also issued protocols for measurements of radon in dwellings for the
purpose of quality assurance. In the protocol is stated that measurements should be conducted
during the heating season and that the measuring period should be at least two months. The
National Board of Health and Welfare is responsible for setting the action level for radon in
existing homes. The action level for new buildings is included in the building code issued by
the National Board for Housing and Planning.

The local health authorities at the municipal level are responsible for searching for
homes with elevated radon levels and for making measurements in homes suspected to have
high radon levels. They are also responsible for general information and advice to the public
about the health risks involved with radon. The local building authorities are responsible for
control of radon from the ground. The ground should be classified into three different
categories of risk, as shown in Table 3. Technical building requirements to prevent high radon
levels in new buildings are associated to each risk category.

Before a building permit is granted the local building authorities are responsible for
checking that the risk for high indoor radon concentrations has been taken into consideration.
The builder is responsible for that the radon concentration in the new building is below 200
Bq m"3. The local building authorities also have the responsibility for information and advice
to the public about suitable remedial measures [18]. Today Sweden has about 150 000 homes
with 222Rn concentrations exceeding the action level 400 Bq m'3 and about 500 000 exceeding
200Bq m3.
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TABLE 3. SUMMARY OF RECOMMENDATIONS REGARDING CLASSIFICATION OF
THE GROUND IN SWEDEN ACCORDING TO THE RISK FOR INDOOR RADON AND
THE TYPES OF PROTECTIVE MEASURES [17].

Classification Percentage Types of ground
of risk of the

Swedish
surface

Technical building
requirements

High risk
areas

Normal risk
areas

10%

70%

Uranium-rich granites, pegmatites
and alum shale. Highly permeable
soils, for example gravel and
coarse sand. Radon concentration
in soil gas >50 000 Bq m-3

Rocks and soil with low or normal
U content and average
permeability. Rn concentration in
soil gas 10 000 - 50 000 Bq m ~-3

Radon safe construction,
such as thicker, reinforced
concrete foundation or
ventilation below the
foundation

Radon protective
construction. No apparent
fissures or leaks in the
foundation

Low risk areas 20 % Rocks with very low U content, for Traditional
example limestone, sandstone and
basic igneous and volcanic rocks.
Soils with very low permeability,
for example clay and silt or soils
where the Rn gas concentration in
the soil gas is
<10000Bqm -3

2.1.2. Workplaces

For existing above ground workplaces the action level is the same as for dwellings, 400
Bq m'3 and for new workplaces the planning level is the same as for new dwellings, 200
Bq m'3. For mines and underground excavations the exposure limit from 1 July 1997 will be

-i -32.5 MBq h m per year which corresponds to 1 500 Bq m at 1 600 working hours per year.

2.2. Finland

2.2.1. Radon in dwellings

Finland has new legislation since 1992. In the Radiation Act the Ministry of Social
Affairs and Health was authorised to set limits for radon in homes. The Finnish Centre for
Radiation and Nuclear Safety, STUK, is the competent authority. The action level for existing
houses is 400 Bq m~3. Future buildings should be planned and constructed in such a way that
the radon concentration does not exceed 200 Bq m3 . As in Sweden radon concentration here
means the annual average radon concentration. Measurements must be carried out using a
method approved by STUK.

The local health authorities are responsible for defining areas with high indoor radon
concentrations and for providing information on remedial measures. STUK helps the local
authorities with measurement plans [19]. For remedial measures it is possible to get financial
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support with 20 percent of the total cost or at maximum 7 500 Finnish Marks, equivalent to
about 1 500 USD.

Radon-prone areas for monitoring of radon at workplaces have been identified on the basis of
radon concentration measured in 25 000 detached one-family homes. The 455 municipalities
in Finland have been classified into four risk categories [20], see Table 4. Finland also have
radon risk maps where geologic parameters have been combined with results from
measurements in dwellings.

TABLE 4. CLASSIFICATION OF RADON-PRONE AREAS IN FINLAND FOR
MONITORING OF RADON AT WORKPLACES [20].

Risk category Percentage of measured homes Number of
exceeding 400 Bq m~3 municipalities

I More than 25 % of the measured
homes exceeding 400 Bq m3 14

II 10 - 25 % exceeding 400 Bq m"3 68

HI 1 -10 % exceeding 400 Bq m"3 154

J V < 1 % exceeding 400 Bq m 3 224

2.2.2. Radon in workplaces

Workplaces of different kinds are divided into two categories:
Underground mines and other underground excavations
All other workplaces

For mines and other underground excavations the action level is 400 Bq m"3 as an annual
average (radon exposure 600 000 Bq h m'3). If the action level is exceeded and remedial
measures not successful or possible, the work should be classified as radiation work and
personal monitoring of doses and health surveillance of the workers shall be arranged [20].

The action level for radon at workplaces above ground is set by STUK to 400 Bq m"3,
averaged over the total number of annual working hours. The same limit also applies to public
buildings. The monitoring of radon at above-ground workplaces has been focused on the
radon prone areas. STUK has measured the radon concentration in more than 5 000 private
and municipal workplaces in municipalities in categories I and n. 10 percent of the measured
workplaces had radon levels exceeding 400 Bq m"3. The mean concentration was estimated to
be 260 Bq m3 [20].

2.3. Norway

2.3.1. Radon in dwellings

The Norwegian recommendations for radon in dwellings were given in 1995 by the
Norwegian Radiation Protection Authority, NRPA. It is recommended that remedial measures
should be taken at levels above 200 Bq m'3. At levels above 400 Bq m"3 even more extensive
measures are justified. There is no financial support for remedial measures. The radon levels
in new buildings should not exceed 200 Bq m"3.
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2.3.2. Radon in workplaces

For above-ground workplaces the recommended action levels are the same as for
dwellings. For mines and other underground facilities (hydroelectric power stations, defence
installations, tunnels etc.) the action level is 1 000 Bq m"3 [22].

2.4. Denmark

Denmark has no formal radon policy. The recommendation to build airtight against the
ground has been adopted in the building code. So far Denmark has no recommended or legally
binding action level for remedial measures in existing dwellings and no limit for the allowed
radon concentration in new dwellings. The National Institute of Radiation Hygiene has
proposed that the discussions of establishing a Danish limit for new dwellings should be based
on a radon gas concentration of 200 Bq m'3 [16].

3. CONTROL OF GAMMA RADIATION

3.1. Sweden

There is no action level in Sweden for gamma radiation in existing buildings. For new
buildings the planning level is 0.5 JLISV h"1. For building materials two exemption levels are
recommended: The activity concentration of 226Ra should not exceed 200 Bq kg"1 and the
gamma index, mY, should be less than 1, where mY= CK/10 000 + CRa/l 000 + On/700. CK,
CRa and C-n, are the activity concentrations in Bq kg"1 of 40K, 226Ra and 232Th of the material.
For often used outdoor areas such as playgrounds it is recommended that the gamma radiation
does not exceed 1 (iSv h"1 [18].

3.2. Finland

In Finland STUK has issued requirements on radioactivity in construction materials and
fuel peat and peat ash [23]. A set of activity indices are used to assess whether or not the
requirements are met, see Table 5. If the value of the activity index exceeds 1 the responsible
party is required to show that the safety requirements have been met. If the value is 1 or less
the material can be used without restriction. The basis for the requirements is that the
additional effective dose from gamma radiation should not exceed 1 mSv per year from
building materials, 0.1 mSv per year from materials used in roads, playgrounds etc. The same
is valid for landfill materials or if peat ash is used in construction materials. The effective dose
to a worker handling fuel peat or peat ash should not exceed 1 mSv per year.

TABLE 5. ACTIVITY INDICES FOR CONSTRUCTION MATERIALS, FUEL PEAT AND
PEAT ASH IN FINLAND [23].

Type of material Activity index
Building materials Ix = C-n/200 + CRa/300 + CK/3 000

Materials used in roads, playgrounds I2 = CTH/500 + CRa/700 + CK/8 000 + Ccs/2 000
etc.

Landfill materials I3 = Cn/1 500 + CRa/2 000 + CK/20 000 + Ccs/5 000

Fuel peat and peat ash !»= C-rh/3 000 + CRa/4 000 + CK/50 000 + C Q / 1 0 000
Cm, CRa, CK and CCs are the activity concentrations of z32Th, ^ R a , ""K and 137Cs of the material in Bq kg"1.
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3.3 Norway

Norway uses the same gamma index for building materials as Finland, see index Ii in
Table 5. For filling materials to be used under or around buildings the activity concentration
of 226Ra should be less than 300 Bq kg1 [22].

3.4. Denmark

Denmark has no specific regulations for radioactivity in building materials.

A system of environmental labelling has been established between the Nordic countries
for boards and tiles, the "Swan Label". The indices mRa = CRa/100 and my = C-rh/200 +
CRS/300 + CR/3 000 are used. The criteria are only applicable for materials used indoors.
Similar criteria for concrete are on its way.

4. CONTROL OF NATURAL RADIOACTIVE ELEMENTS IN DRINKING WATER

4.1. Sweden

The Swedish Food Administration has proposed limits for radon in drinking water in
1995, see Table 6. If accepted, the limits will be mandatory for public waterworks but will
only be regarded as recommendations for private wells.

TABLE 6. PROPOSED LIMITS FOR RADON IN DRINKING WATER IN SWEDEN.

222Rn concen- Subject to limits Comments
tration, Bq I'1

100 Public water supplies Mandatory action level for water delivered from
public waterworks

500 Private water supplies Recommended action level. Concerns the
maximum concentration in water given to
children under 5 years of age

1 000 All drinking water Unfit for consumption

4.2. Finland

In Finland STUK has issued safety requirements for household water. The basis is that
the effective dose due to radioactivity in water should not exceed 0.5 mSv per year. 222Rn
released from the water to indoor air is not taken into account when assessing the dose. The
activity index I = C a + Cp + CRD is used to assess if the safety requirement is met, where Ca,
Cp, and CRn are the gross alpha activity, gross beta activity and the 222Rn concentration of the
water. Provided no other radionuclides are present in the water the maximum radon
concentration would be 300 Bq I"1. If the value of the index exceeds 1, the concentrations of
the different radionuclides should be determined and used to calculate a new activity index. If
this index still exceeds 1 remedial measures must be taken to reduce the radioactivity of the
water. The safety requirements are not applied in connection with private wells, but only to
waters supplied by waterworks and professional producers of beverages [24].
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4.3 Norway

Norway has a limit of 500 Bq I1 for 222Rn concentration in drinking water, issued by the
NRPA [22].

4.4. Denmark

Measurements have been conducted of 222Rn and 226Ra in water [25] but Denmark has
no explicit limits for natural radioactivity in drinking water.
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ABSTRACT

A task group was established in 1992, by the OECD Nuclear Energy Agency's Co-
operative Programme on Decommissioning, to study the recycling and reuse of material from
nuclear facilities. The objective of the group was to compare recycling/reuse of material to the
alternative approach of disposal as radioactive waste with subsequent replacement by newly
produced material. Starting with a survey over material currrently being released, the study
went on to review the proposals put forward by various international organisations for activity
levels at which material could be "cleared" from regulatory control. The task group also
surveyed the status of the technologies necessary for recycling. The work of the task group
was summarised in a recently published OECD Nuclear Energy Agency report.

This paper gives an overview of some of the findings and conclusions of the task group.
In addition, it makes some comparisons between the management of very low level
radioactivity in the nuclear industry and the management of similar material in some other
industries.

I. INTRODUCTION

The OECD Nuclear Energy Agency's Co-operative Programme on
Decommissioning was set up basically to exchange technical and other information
between on-going decommissioning projects. Since its start in 1985, it has grown to
cover 31 projects from 11 countries, including a wide selection of reactors as well as fuel
facilities. The Programme, has thus become the international forum for nuclear
decommissioning projects. As such, it is deeply interested in all possible means of
reducing the quantity of waste produced by such decommissioning. The recycling of such
material, instead of disposing it as low level waste, was identified as a major method of
achieving this aim.

A task group was therefore established in 1992 to study in depth the possibilities
of recycling and reuse of material from nuclear facilities.
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The specific objectives of the Task Group were to

- make a survey over material currently being released from nuclear installations,
- review the on-going work on proposals for clearance levels from the perspective

of the potential users of such criteria,
- make state-of-the-art surveys over the technologies necessary for recycling,
- compare recycling/reuse of material with the alternative approach of

disposal/replace from the viewpoints of
• total health risks (not just radiological risks
• environmental impact
• socio-economic aspects
• costs.

Hitherto, the work of the task group has been generally focused on metals. Its
findings and conclusions were summarised.in a report [1] after review by the Nuclear
Energy Agency's Radioactive Waste Management Committee and the Committee for
Radiation Protection, and Public Health. In the following is summarised some of the
findings of the task group. Finally some comparisons are made between the management
of radioactivity emanating from the nuclear industry and that being released by other
industries handling radioactive substances.

2. CURRENT PRACTICE

One of the first activities of the Task Group was to map the current policies
regarding the release of the materials from nuclear facilities in various countries.
Information was solicited from participating projects regarding the quantities and types
of material released as well as the conditions governing their release. Information was
received regarding 24 projects as well as the existing regulations in 6 countries. The
projects included reactors, fuel facilities, uranium milling plants and isotope production
facilities.

The survey revealed that over 360 000 t of material had been released between
1979 and the early 90's. The released material included carbon and stainless steels,
lead, aluminium, concrete, soil and gravel. A variety of clearance alternatives had been
adopted ranging from release for unrestricted reuse or disposal for about two-thirds of
the material to restricted reuse within the nuclear industry. Most of the material was
released after consideration on a case-by-case basis, even in countries where there are
national regulations in place for the unrestricted release of material from nuclear
facilities. An overview of the material released and the types of release practices is
given in Table 1 [2].
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Table 1. Material released from the surveyed projects

Release practice

Unrestricted reuse

Disposal without radiological
restrictions

Restricted reuse within the
nuclear industry

Disposal with radiological
restrictions

Restricted release to a
melter

Quantity (estimate)

6 750 tons

900 tons

420 tons

2 130 tons

2 800 tons

156 000 tons

34 700 tons
36 600 tons

308 tons

33 tons
1 100 tons

349 tons

814 tons

4 090 tons
3 490 tons

44 100 tons

57 900 tons

7.220 tons

220 tons
2 025 tons

Type of material

Carbon steel

Stainless steel

Various metals (no decontamination)

Various metals (after decontamination)

Gravel

Other

Concrete
Soil and gravel
Other

Various metals (no decontamination)
Various metals (after decontamination)
Concrete

Other

Carbon steel
Stainless steel
Concrete '

Soil and gravel

Other

Various metals (no decontamination)
Various metals (after decontamination)

A scrutiny of the released criteria used in the various projects and in the national
regulations shows a wide range of values. For instance, Sweden has a beta-gamma
surface contamination limit of 4 Bq/ cm2 for unrestricted release, while in neighbouring
Finland, the corresponding limit is 0.4 Bq/cm2. The Finnish mass specific release limit
is 1 Bq/g compared to the corresponding Swedish limit of 0.1 Bq/g (recently altered to
0.5 Bq/g). There are also differences in measurement and documentation practices as
well as in quality assurance requirements.
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3. HEALTH RISKS/ENVIRONMENTAL IMPACT

The International Atomic Energy Agency (IAEA) and the European Commission
(EC) have both prepared recommendations for criteria for releasing material from
regulatory control [3,4]. Both proposals are based almost entirely on radiation protection
and regulatory considerations.

The NEA Task group represents projects which are the potential end users of such
criteria. Understandably, the Task Group has studied clearance in a broader context,
basing its approach on the recommendation of the International Commission on
Radiological Protection (ICRP) regarding the justification for the adoption of a new
practice involving exposure to radiation: "....The radiation detriment may only be one of
several aspects that comprise the total detriment associated with a particular practice.
Consequently, the justification of a practice goes far beyond the scope of radiological
protection..."[5].

The Task Group has therefore examined the justification for release of radioactive
material by considering not only the risks from radiation, but also major non-radiological
socio-economic, environmental and health effects. In this context, a "tiered" system of
release criteria, with defined end uses for each tier, has been used as the basis for
evaluating the various detriments and thus comparing recycling with the alternative
approach of disposal of material as waste [6].

The highest tier corresponds to unconditional release, while each of the lower tiers
would apply to specific (conditional) release conditions. In the system used in the task
group's evaluations, the next highest tier consists of material that is melted at a
radiologically regulated plant and then is conditionally released for subsequent remelting
and fabrication in non-nuclear commercial facilities. The products could then be used
without radiological restrictions. The next tier down would be similar material, except
that the material is released for a specific initial industrial ,use. Material in the lowest tier
is released for recycling within the nuclear industry.

Some of the results of the task group's studies are summarised in the following
tables 2 and 3:
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Table 2 Summary of health risks from the radioactive scrap metal management
alternatives

Health risks from radioactive scrap metal (steel) management alternatives

Impact categories

Radiological risks'

Nonradiological risks*

Accidents (workplace)

Accidents (transportation)

Chemical exposure from
smelting'

Chemical exposure from coke
production

Recycling/reuse

10"7 to 10"* fatal cancer risk to metal
workers and public; 10"' to 101

population risk per year of practice

About 7 fatalities or serious injuries to
workers

10"2 fatality risk to workers and public

10"' fatal cancer risk to workers; 10"1 to
public

None

Disposal and replace

Potential elevated cancer risk
to miners

About 14 fatalities or serious
injuries to workers

10* fatality risk to workers
and public

10'3 fatal cancer risk to
workers; 10"* to public

1 fatal cancer risk to workers;
10"1 to public

1 Risk estimates represent maximum individual lifetime risk associated with a 50000 t
throughput,

operated so that individual dose does not exceed 10 /uSv/yr.
* Maximum individual lifetime risk of cancer fatality resulting from one year of exposure at
the

maximum permissible concentration (U.S.).

As is seen from the above table, the non-radiological risks are much higher than
the radiological ones. Also, the risk of a worker fatality associated with the replacement
of 50.000 t scrap metal condemned to being radioactive waste is nearly twice that
associated with recycling.
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Table 3 Environmental impact of activities associated with radioactive scrap
metal (steel) management alternatives

Impact from radioactive scrap metal (Steel) management alternatives

Resource affected

Land use

Water quality

Air quality

Mineral resources

Energy resources

Recycle/reuse

Some LLW involved, but no
new sites required.

Controlled release of
decontamination and
smelting effluents.

Emissions of SO1

Emissions of toxic
chemicals

Emissions of radioactive
materials

LLW disposal may be
needed for some slag
(instead of being usable)

Some energy use for
smelting scrap

Disposal and replace

Substantial expansion of LLW disposal site
capacity required.

Increased land use for mining.

Increased land disruption and damage from
mining wastes.

Accumulation of heavy metals in soils as a
result of mining and refining

Acidification of surface water flowing from
mining sites.

Increasing leaching of heavy metals from soils
and mining wastes into surface water and
groundwater.

Leaching of radioactive elements from mining
wastes into surface water and groundwater.

Increased sedimentation of streams and rivers.

Release of heavy metals from smelting into
surface water.

Greater emissions of SO2 from smelting.

Emissions of toxic chemicals from mining
operations, waste piles, smelting, and coke
production. ,

Emissions of naturally occurring radioactive
materials from mining and smelting.

Substantial metal ore quantities required.

Substantial coal quantities required for coke
inputs to iron production.

Much higher energy use in refining ores and in
producing coke.
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4. TECHNOLOGY AND CASE HISTORIES OF RECYCLING

The NEA Task Group has identified the following technologies as being necessary
to transform the waste arising from decommissioning to a condition appropriate for
release and to verify that the release criteria are met.

Melting

The backfitting and decommissioning of nuclear plants result in large quantities of
contaminated metallic waste. Much of this is large equipment such as heat exchangers
and steam generators, often containing valuable material such as stainless steel or
Inconel. Such equipment can have complex geometries making it difficult, time
consuming and expensive to determine the exact location and level of activity, specially
at the extremely low levels being discussed as release levels.

Melting has the advantages of

- homogenising the material so that the radioactivity can be characterised -
exactly and nuclide - specifically - from samples of each batch melted,

- a "decontamination" effect on volatile nuclides such as Cs-137, wliich is
trapped in the filters and on Uranium and other oxides which are captured in the
slag.

A number of plants are operating today on an industrial scale: the CARLA plant
at Siempelkamp, Germany; the SEG and Manufacturing Sciences Corporation plants,
both at Oak Ridge, USA and the Studsvik Melting Facility in Sweden. At the
decommissioning of the Capenhurst Diffusion Plant, United Kingdom, a melting plant
is being used to recycle large quantities of metals. The INFANTE plant melted over 4
000 t of carbon steel from the G2/G3 reactors at Marcoule, France. It has now been shut
down. A new induction furnace melting plant is being put up at the Marcoule site. There
is at least one plant melting contaminated metals in Russia.

Decontamination

Some equipment, which is lightly contaminated, can be melted directly. Other
components, such as steam generators on PWRs, are highly contaminated and need to be
decontaminated if the material should be recycled.

For decontaminating equipment to recycling (release) levels, the methods used
must have high decontamination efficiencies. At the same time, it must be possible to
condition the secondary waste satisfactorily. Two methods satisfying these requirements
have been demonstrated on a fairly large scale.

The Swedish SODP chemical decontamination method for PWR systems was
used to decontaminate steam generators from the 80 MW Agesta PHWR to
near release levels. The steam generators were segmented and melted after
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decontamination. The melting of the material was necessary because it is the
most economic method of proving the efficiency of the decontamination. The
alternative of measuring release level activity on 20 km of tubes in each steam
generator was too expensive to be considered.

- A dry abrasive blasting method has been developed to recycle about 1 600 t of
steel from the Eurochemic Reprocessing Facility. The method was first tested
on a semi-industrial scale on a batch of 32 t, after which an industrial unit has
been installed during 1996. Some 27 t of material were treated between May
and September. 19 t have been released after measurements, 7 t are awaiting a
second measurement and 500 kg of "complex geometry" components will be
sent to a controlled melting facility.

Measurement

The currently proposed release levels are very close to background levels. This
places very stringent requirements on the accurancy and reliability of the equipment and
techniques used in the qualifying measurements for release. A large number of reports
testify that it is possible to satisfy such requirements but most of the work in this area
hitherto been on a laboratory scale. The practical problems of measuring very large
quantities of material at extremely low activity levels and at a reasonable cost should not,
however, be underestimated.

In order to study this aspect in depth, the NEA Co-operative Programme has
recently set up a special Task Group on Release Measurements.

Case Histories of Recycling

The technologies for recycling described above have been utilised in a number of
projects, most of them completed at the time of writing of this report. The variety of
these projects demonstrate, not only the feasibility, but also the cost effectiveness of
some of these techniques.

The basic information regarding these 18 projects is shown in Table 4, which
indicates the technique(s) used and also categorises the projects according to the type of
release and final destination of the material. In general, the case studies showed that
significant cost savings could be achieved with recycling, compared with the original
estimated cost of disposing the materials as radioactive waste in the respective countries
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Table 4 Case Histories of Recycling/Reuse/Disposal

No

1
2

3
4
5

6
7
8
9

10

11

12

13

14

15

16

17

18

Project

BWR Preheater
PHWR steam generator

PWR steam generator
Fuel racks SGHWR
Fuel racks Belgoprocess

Aluminium heat exchangers
Driptray-reprocessing plant
Reprocessing plant components
Eurochemic pilot project

Concrete from G3

Heads of prestressing cables-G3

G1 scrap air circuit

Contaminated soil

G2/G3 glasswool

Siloe reactor heat exchangers

Nuclear centre scrap

G2/G3 scrap

Rapsodie stainless steel primary
circuit

Category

Free release/recycling
Free release/recycling

Free release/recycling
Free release/recycling
Free release/recycling

Free release/recycling
Free release/recycling
Free release/recycling
Free release/
unrestricted disposal
Free release/
unrestricted disposal
Free release/
unrestricted disposal
Restricted release/
authorised disposal
Restricted release/
authorised disposal
Restricted release/
authorised disposal
Restricted release/
controlled recycling
Restricted release/
controlled recycling
Restricted release/
controlled recycling
Restricted release/
controlled recycling

Technology

Melting
Decon/melting

Decon/melting
Decon/measurement
Melting

Melting
Decon/measurement
Decon/measurement
Measurement

Measurement/
crushing
Measurement

Decon/measurement

Measurement

Measurement

Decon/melting

Decon/melting

Decon/melting

Decon/melting

Status

Completed
Completed (ingots
stored for decay)
Study
Completed
Completed (ingots
stored for decay)
In progress
Completed
Planned
Completed

Completed

Completed

In progress

Completed

Completed

Completed (cast
into shield blocks)
Completed

Completed (ingots
stored for reuse)
Completed (ingots
Stored for reuse)

5. RECYCLING IN A BROADER PERSPECTIVE

As mentioned earlier, the current recommendations of international organisations
are aimed solely at minimising radiological risks. No other risks have been considered.
The NEA task group, in comparing the option of recycling radioactive scrap steel with
that of disposal as waste and replacement, has found that the non-radiological risks
associated with the replacement of material are much higher (nearly twice) than those
associated with recycling. Moreover, recycling has its beneficial aspects, such as
conservation of natural resources and protecting the environment.

In the application of the principles of IAEA Safety Series 89, the individual dose
criterion, originally defined as some tens of JJSV per year of practice, has slowly changed

into an annual individual dose limit of 10 /dSv per year of practice. Computer models,
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incorporating a number of conservative assumptions, have further accentuated the
conservatism of the derived levels for release, thereby limiting, considerably, the quantity
of material eligible for release from a radiologically controlled environment into a non-
radiological one. Moreover, it has been noted that much higher annual individual dose
limits are in use or being discussed both within and outside the nuclear industry. Some
examples are:

- 100 ;/S v/year used in the design and location of repositories for radioactive
waste,

* 100 /uSv/year used in two US NRC decommissioning release licences [7, 8],
- 150 //Sv/year being used in current US NRC and EPA rule-making discussions

on unrestricted release [9],
- 250 /̂ Sv/year used in draft Suggested State Regulations on Naturally Occurring

Radioactive Material (NORM) in the USA [10],
- Swedish building regulations, which allow a maximum level of 50 /uR/h of

gamma radiation in houses built after 1981. For an annual occupancy of 5 000
h, this would be an equivalent of 2 500 ,uS v/year.

The term "exemption", as used in the IAEA TECDOC 855, is supposed to cover
small sources of radiation. In reality, there are a number of practices outside regulatory
control (i.e. that are "exempted") that lead to much higher individual and collective doses
than those prescribed by IAEA Safely Series 89. There is also material outside regulatory
control, where the concentration of radioactivity has been enhanced by human action to
levels well above those recommended in IAEA TECDOC 855. For instance:

- Phosphogypsum, arising as a biproduct in the production of phosphoric acid, is
discharged to the Rhine in Holland. This is estimated to cause a maximum
individual dose of 150 juSv/year and a collective dose to the Dutch population
of 170 person-Sv/year [11].

- The combustion of peat in Sweden (and the inhalation of the resulting ash) can
lead to an individual dose of 4 000 /zSv/year [12].

- Petroleum production scale and sludge is expected to amount to 8.3 million tons
over the next 20 years (from 1991) in the USA. This is expected to have an
average activity concentration of 5.7 Bq/g [13].

- The treatment of drinking water with radium, selective resins will result in 840
000 tons of resin over the same 20 year period, at an average activity level of
1300 Bq/g [13].

- The current inventory of Uranium mill tailings in the USA is 175 million tons,
with an average activity of 16.7 Bq/g [14].

As mentioned early in this report, there is a great need for harmonising the
regulations in various countries for the release of materials from radiologically controlled
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areas. It is important to weigh in the implications of how radioactivity is being managed
both within and outside the nuclear power industry, in the process of establishing an
international consensus on exemption and clearance of radioactive materials.
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PROBLEMS CONCERNED WITH SCRAP METAL MONITORING AT BORDERS

K.E. Duftschmid
IAEA

Abstract

Since the early 1980's numerous incidents have been reported in which radioactive material or empty labelled
containers for radioactive sources have been found in scrap metal. Apart from the potential health hazard to
employees and the general public resulting costs for decontamination, shutdown of production and waste of
products already amounted to multi-million dollar figures. Since the opening of the "iron border" in Europe,
incidents of illicit trafficking of radioactive sources across borders and contamination of scrap metal imported
from the former "Eastern Countries" have considerably increased, as a result of the lack of a suitable radiation
protection infrastructure in some of these countries. This initiated monitoring of scrap metal transports at the
borders of several European countries, such as Austria, Finland, Germany and Italy. Up to now neither
universally accepted clearance levels for scrap contamination, nor an agreed standardised procedure for its
control exist, although the IAEA as well as the European Commission have proposed some recommendations.

As a pragmatic solution for border monitoring it is suggested to apply, as practical clearance level, a doserate on
the outside of the vehicle in the order of 0,1 u.Sv/h, which is approximately equivalent to double natural
environmental background. This doserate would correspond to an activity concentration for ^Co in the order of
1 kBq/kg and therefore be in a tolerable range, even in view of products coming in close contact with the
public.

1. Introduction

Since the early 1980's numerous incidents have been reported in which radioactive material
or empty labeled containers for radioactive sources have been found in scrap metal [1]. When
a sealed source ruptures or melts, contamination spreads into shredders, mills or foundries,
melt, into the baghouse, slag and other byproducts. Apart from the potential health hazard to
employees and the general public resulting costs for decontamination, shutdown of produc-
tion and waste of products already amounted to multi-million dollar figures. Most frequently
sources of 60Co and 137Cs, used for industrial gauging, control of refractory wear in blast fur-
naces or for medical radiation therapy ended up in the scrap cycle, due to careless or fraudu-
lent disposal [2]. While ^Co sources will readily melt and alloy with steel, 137Cs will mostly
evaporate and escape with the furnace exhaust or be contained in the slag. Other radionu-
clides less frequently observed include ^Sr, 226Ra, 192 Ir and 241 Am. In addition naturally oc-
curring radioactive materials, mainly Ra and Th accumulated in scale inside pipes and well
drilling tools have been frequently found in scrap metal.
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2. Detection of Sources in Scrap Metal

After the Auburn Steel, NY incident in 1983 [3] the steel industry recognized that is was im-
practical to detect most radioactive sources contained in lead shields deeply buried in scrap.
Although large medical therapy or industrial radiography sources would be found, one could
not hope to detect the average gauging source. Some years later it was realized, that the
shielding containers are usually designed for a doserate of some 10 - 100 uSv/h in 1 m dist-
ance from the surface. This means that radiation intensity in some distance from the source
will be practically in the same range independent on the actual activity of the source, but
heavily dependent on the additional shielding by the scrap metal. The shielding of a layer of
10 cm steel will reduce the detectability of a U7Cs source approximately by a factor of 50, for
^Co it will still be a factor of 15. The density of steel scrap most likely to contain a radioac-
tive source is in the range of 0,4 - 1,6 g.cm'3 or a factor of 5 - 2 0 less than iron. In most
cases scrap is delivered by trucks or railroad cars into the mill. If detectors are placed close to
the side of the cars a realistic assumption would be an effective shielding thickness of 1 m
scrap, equivalent to 13 cm iron at the average scrap density of 1 g.cm"3. This results in a
transmission factor of 0,01 for I37Cs or 0,03 for ^Co. Due to the inhomogeneous geometry
of the scrap, however, considerably higher transmission may occur in certain beam directions.

In order to detect a 137Cs source in a shielded container with a doserate of 10 (iSv/h at 1 m,
buried behind the 1 m of scrap, in a distance of 2 m from the source, the monitor system
must be able to detect an increase in doserate of some 20 nSv/h equivalent to approximately
20% of normal background, assuming uniform shielding. For ^Co it would be 60 nSv/h. The
problem is aggravated by the phenomenon of vehicle background suppression. If a loaded
vehicle enters the monitoring portal the natural background will be reduced by 10% to 30%
as the vehicle and scrap load block some of the environmental radiation. When the scrap load
contains a source which increases the normal background by 30% the countrate may be the
same as before without the vehicle.

In early attempts 2" x 2" NaJ detectors were placed over stationary cars and operated as sim-
ple count rate meters. These systems were only effective for unshielded sources and required
operator attention to determine the background to avoid false alarms. In the late 1980s large
partially shielded plastic scintillators with a sensitive area up to 0,5 m2 and a volume of 20 1
each became available, used with digital microprocessor-based electronics for dynamic meas-
urement and automatic background compensation. Such typical "Portal Monitors" consist of
two detector assemblies mounted on each side of the roadway near the truck or railcar scale
about 5 m apart. The main advantage of the large plastic scintillators, as compared to NaJ
crystals, is the greatly increased coverage of the vehicle utilizing the effect of inhomogeneous
shielding.
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State of the art is now dynamic scanning of slow moving vehicles with continuous back-
ground trend analysis to compensate for the vehicle background suppression and ambient
background updating for change of environmental conditions. A method widely used is to
derive the background suppression from the difference of two detectors viewing both sides of
the vehicle. Under the realistic assumption that the source is not in the exact center of the ve-
hicle and shielding therefore not symmetrical each detector is compensated with the back-
ground measured with the other.

Concerning the sensitivity of detection a recommendation of the US Institute of Scrap Recyc-
ling Industries [4] states, that scrap monitoring systems should be capable of detecting a 137Cs
source in a shielded container of 30x30x30 cm3, or greater with a doserate of 10 |aSv/h on
the outside of the container, buried in a load of randomly distributed shredded scrap at a dis-
tance between the source centerline and the inside of vehicle of 1,2 m or greater. For a mov-
ing vehicle the probability of detection also depends on the speed. The requirement is to
achieve 99% probability for a speed up to 6 km/h. According to manufacture's specifications
such a sensitivity can be achieved today with several products on the market. This means that
an unshielded l37Cs source of 3,7 MBq can be detected with 99% probability in a moving ve-
hicle loaded with shredded scrap iron.

In US many steel mills have used such scrap monitoring systems routinely for more than 10
years. In Europe a clear trend can be seen since 1994 and 1995 that major steel producing
and scrap recycling industries are installing stationary monitoring systems. This reflects cus-
tomer requirements for "radioactivity free products" as well as product liability legislation.

3. Border Monitoring

Since the decay of the former Soviet Union and the opening of the "iron border" in Europe,
incidents of illicit trafficking of radioactive sources across borders and contamination of scrap
metal imported from the former "Eastern Countries" have considerably increased, as a result
of the lack of a suitable radiation protection infrastructure in some of these countries. This
initiated monitoring of scrap metal transports at the borders of several European countries,
such as Austria, Finland, Germany and Italy. In many cases suitable portal monitoring sys-
tems are not installed at the borders up to now and manual spot-checks with portable instru-
ments are performed. Such measurements do not provide dynamic digital scanning and back-
ground analysis and may lead to considerable uncertainties for detection of very low dose-
rates in relation to the normal environmental background and cause false alarms and unneces-
sary rejects of the transport.
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The main problem, however, lies in the fact, that neither universally accepted clearance
levels for scrap contamination, nor an agreed standardized procedure for its control exist,
although the IAEA [5] as well as the EUROPEAN COMMISSION [6] have proposed or
drafted recommendations.

As an example the present situation at the Austrian / Italian border is described. The relevant
legislation in Italy requires border control procedures for scrap rail transport to reject any
measurable increase in momentary environmental background. This caused a significant
number of rejects during the last years and considerable financial loss for the railroad compa-
nies and scrap vendors.

In a particular case a doserate on the surface of some railroad cars of 85 nSv/h has been de-
termined with a normal environmental background doserate of 60 nSv/h. The freight was re-
jected and the train returned to the scrap vendor in the Czech Republic. After emptying the
cars the slight increase in background doserate still remained and the cars were returned to
Austria. The Austrian Railways asked the Radiation Protection Department of the Austrian
Research Center Seibersdorf to investigate. The cars were measured by in-situ gamma- spec-
trometry and a contamination of the train walls with ^Co determined. In order to verify the
activity concentration samples were cut out from a train door and analyzed in the lab. The re-
sults showed an activity concentration around 250 Bq/kg corresponding to an increase in
gamma doserate in the range of 15 nSv/h in 10 cm and 6 nSv/h in 1 m from the surface of a
steel door ( 2 m x 1 m x 5mm thickness). Such a contamination of sheet metal with ^Co can
easily be caused by the routine method to control refractory wear in blast furnaces with ^Co
sources mounted at different depth in the linings. Typically sources of 370 MBq are used
with a total of 3,7 GBq to 22 GBq in a single furnace. If one source would be melted in a
single iron heat of 250 - 800 t the worst case activity concentration would be around
1,5 kBq/kg which is well below the Exemption Level according to Table I-I of the Inter-
national Basic Safety Standards (BSS) [7] of 10 kBq/kg.

This means that an inherent "Co activity concentration of some 100 Bq/kg may be expected
in sheet metal if no special requirements for low activity steel are set. It is even quite likely,
that many of the railroad cars contain such a contamination. If the present border control

procedure for scrap metal is maintained it would be necessary to scan thousands of cars for
contamination to avoid costly rejects at the border.
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4. Considerations on an approach to monitoring scrap metal at borders

As mentioned before no generally agreed clearance levels for scrap metal exist. Indirect guid-
ance can be derived from the BSS in two ways. Exemption criteria for sources according to
Schedule I state an exemption level for a activity concentration of 10 kBq/kg for *°Co. In
Schedule 1-3 a dose limitation of 10 nSv in a year for any member of the public is also
foreseen. This is in full agreement with the Council Directive 96/29/EURATOM of the
European Communities [8] Annex I, Table A. In addition IAEA-TECDOC-855 [5] proposes
unconditional clearance levels for '"Co in the range of 0,1 - 1 kBq/kg and a calculated value,
fitted for external irradiation, inhalation and ingestion of 0,3 kBq/kg.

It can be estimated that an activity concentration of 1 kBq/kg ^Co in a steelplate of 10 cm
thickness produces a gamma doserate in the order of 1 jiSv/h at 10 cm and 0,1 uSv/h at I m
distance from the surface, if the source area is large compared to the detector (or exposed per-
son). If this material is formed to steel sheets of 1 mm thickness the doserate would be in the
range of 20 nSv/h at 10 cm and 5 nSv/h at lm distance. This would lead to an annual dose in
the order of 10 jiSv/a per 1 kBq/kg assuming a duration of exposure of 1800 hours per year at
1 m distance from the steel sheets. Even if the steel is made into products that have a high
degree of contact with the public, such as cars, bedsteads or table legs, the resulting exposure
would be negligible compared to the environmental background. Since the radionuclide is
alloyed with the steel there is very little risk of contamination or ingestion.

It can be foreseen, that steel producers and larger scrap recyclers will be forced perform their
own monitoring procedures in future. The "European Steel Scrap Specification" states, for
instance, that "all grades of steel scrap shall exclude material presenting radioactivity in ex-
cess of the ambient level of radioactivity". Therefore quality assurance measurements will be
of vital importance for the industry, also in view of potential product liability problems. This
will provide an additional check with considerable higher sensitivity as compared to practical
border monitoring procedures.

With this additional precaution in mind, it seems a pragmatic solution for border monitor-
ing to apply as practical clearance level a doserate on the outside of the vehicle in the or-
der of 0,1 uSv/h, which is approximately double natural environmental background.
This doserate would correspond to an activity concentration for ^Co in the order of
1 kBq/kg. Such doserate levels can easily and safely be detected by portable and/or installed
instrumentation and would avoid the problems with low activity contamination of vehicles as
mentioned above.

It has to be realized, however, that this approach - as well as practical border monitoring in
general - can not guarantee that higher activity pieces of scrap or shielded radioactive sources
of higher activity, buried in large volumes of inactive scrap, would be detected. Thus border
monitoring can only be used as an indication, that the contents are acceptably low, i.e. below
clearance levels. Full assurance can only be obtained in practice by good quality assurance
measurements before consignment leaves and/or on arrival at the receiving organization. In
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case of any doubt at the border, the consignee of the transport should be informed and
requested to double-check the freight during unloading.

With such a clearance level unnecessary hold up and rejects of transports by false alarms,
normal fluctuation of natural background following rain, or insignificant contamination of
vehicle wall material could be avoided. This would lead to enormous savings in time and
costs wasted for needless return of full trainloads of scrap. From the radiological protection
standpoint such a clearance level would still be acceptable considering the second check by
the consignee.

In order to establish such a border monitoring procedure countries involved in transborder
transfers must reach agreements based upon a combination of border monitoring and quality
assurance procedures by the industry. The present problems can on only be solved, if such
agreements are reached. It is hoped that this paper and the discussions during this meeting
will help towards that goal.
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MONITORING OF RADIOACTIVE FERROUS SCRAP AND PRODUCTS,
CURRENT PRACTICES AND REGULATORY PROBLEMS
IN NORTH-EASTERN ITALY

Valerio Barbina, Loris Bianco
FerriereNord SpA, 1-33010 Rivoli di Osoppo UD, Italy

ABSTRACT

Radioactive scrap metal is a major source of concern among the steel industries of north-eastern
Italy, since most of the scrap supply comes from east-European countries and may originate from
dismantled nuclear installations or dismissed radioactive devices. In this respect reliable
monitoring procedures and consistent regulations are essential to face the many economic, legal
and safety problems involved in the control and management of radioactive scrap and products.
The authors describe the monitoring methods developed in more than two years practice at the
steel works Ferriere Nord, Osoppo UD, Italy, as a realistic compromise between reliability,
radiation protection and cost. They also discuss the drawbacks sometimes due to the lack of
coherent monitoring protocols and exemption levels in Italian regulations, which leave some
ways out for the uncontrolled recycling of radioactive metal scrap.

1 - FOREWORD

In the past ten years, in Italy as well as in other European countries, there have been a number of
incidents at metal processing industries, where radioactive sources buried in metal scrap have
been melted, resulting in significant contamination of plants and products.
The consequences of such incidents are potentially extremely serious. To prevent them the recent
Italian law on the basic radiation protection criteria [1], which complies with the general safety
directives of the Euratom Treaty, forces the importers and the recycling industries to control all
incoming scrap.

However, the detection of either contaminated materials or radioactive sources buried in loads of
scrap metal is a problem hard to get on with, on technical, economic, and legal points of view.
First, control procedures must offer a good reliability level and an acceptable degree of accuracy,
which are not easy goals when dealing with vehicles loaded with metal scrap. Then, they
constitute a heavy economic burden, since they involve organisation problems, require the
intervention of technical staff and are quite time-consuming. Finally, the law regulations do not
tell anything about the technical aspects of control procedures, nor do they give definite clearance
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levels so far. As a matter of fact the customs, the local health authorities, and the national agency
for the environment require different control procedures and clearance levels, which in the end
are not perfectly consistent with each other.

In this work we give a concise presentation of the experience gained since 1995 at Ferriere Nord
SpA, Rivoli di Osoppo, north-eastern Italy, in radiometric monitoring of both ferrous scrap and
steel final products. Ferriere Nord is a steel plant which melts more than 1 million tons per year
of scrap coming mostly from eastern-European countries, produces about 800,000 tons of steel
material for building industry, and employs 800 people. When starting in 1995, the goal we set
ourselves was to assure a good safety standard to the workers of the plant and a radiation-free
final product with the maximum reliability level achievable at a reasonable cost, according to
ALARA principle. We do not know whether we succeeded, however we think that our experience
in the field offers some interesting hints for the application of the concepts of exemption and
clearance in the management of metal scrap by recycling industries.

2 - MONITORING RADIOACTIVE FERROUS SCRAP ON VEHICLES

The cost of monitoring radioactive material and sources in scrap is high, especially as far as
technical staff and time expenses are concerned— the more accurate is the monitoring, the higher
is the cost. Moreover, anyone who is familiar with the operations of transportation, storage and
melting of scrap in steelworks is perfectly aware that a detailed monitoring of the scattered scrap
[2] is not realistic, neither in technical and logistic terms, nor as far as the protection of workers is
concerned. In fact it is usually very difficult, sometimes impossible to fetch, handle, store a
source which is often either damaged and highly contaminating, or contained in metal structures
of large size and weight, or both. Therefore the only possibility left is the radiometric monitoring
of the external sides of wagons and lorries before unloading.

So, the basic questions one should answer in setting up a radiometric control system are i) below
what probability level it is acceptable that some vehicles containing a gamma-emitting source of
limited activity escape detection?, and ii) up to what operating cost it is acceptable that some
clean load is rejected as radioactive? These questions, expressed in somehow different terms, are
well-known to physicists dealing with very low-level radiation measurements [3,4] and of course,
in the case of laboratory procedures, are directly related to the minimum detectable activity of the
system. However, in our case the problem cannot be given a mathematical solution in statistical
terms since, unlike in a laboratory, we cannot exactly know the false negative rate, nor are we
able to measure activities.

If we increase the acceptable probability of false negatives we reduce the cost, but we would
increase the number of sources - most likely of limited activity - that would be melted, ending up
in contaminated smoke, smelter, slag and products. On the other end, increasing the acceptable
false positives would mean rejecting an increasing number of vehicles which are either slightly
contaminated, or contain only slightly contaminated scrap and would cause a negligible amount
of contamination. It is obvious that the solution of the problem must be a wise compromise.
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In this respect, the experience on the field demonstrates that control procedures required by
Italian health authorities and customs are out of balance— if they are carried on slavishly, then
many scrap loads containing sources of relatively high activity could finish in the ladle. In fact
they are based on the measurement of air kerma rate on the external sides of the vehicles, that has
to be compared with either the local natural radiation background [5], or an absolute clearance
limit [6] (figure 1).

Apart from the problem of assessing daily the natural radiation background within a sound
precision range - which is not a simple matter - we must take into account that background
radiation near the sides of a vehicle loaded with metal scrap is much lower than natural radiation
background (figure 2a). Therefore, if somewhere on the side of vehicle we measure a kerma rate
equal to, or even only slightly less than natural background, then we must conclude that the load
contains a radioactive source - whose activity we do not know - and the vehicle should be
rejected. In addition, the absolute clearance limit given by local health authority is obtained just
multiplying by two a mean local background kerma rate, that is an unacceptably high value.

Moreover radiometric monitoring carried on manually, by means of a survey meter, is unlikely to
cover uniformly the whole surface of the sides of a rail wagon in a reasonable time, whichever
type of monitor is used. If a source is heavily screened by scrap on almost all the solid angle,
except in just one direction along a narrow beam - which often is the case - most probably it shall
not be detected (figure 2b). The conclusion is that the control directives and manual monitoring
procedures do not offer sound efficiency, nor sensitivity features.

Finally, we must take into account that manual monitoring requires that the operators come near
the loads for hours, without knowing the radiation level in advance. If some vehicles contain high
activity sources which produce high kerma rates, the operators risk to get high radiation doses
before detecting them and having the chance to get away at safety distance. The conclusion is that
the control directives and manual monitoring procedures do not offer sound radiation protection
features.

The ultimate compromise we have adopted for the solution of these problems is a much more
accurate and complex, nevertheless economically acceptable control system, which consists of
four separate steps (figure 3). The first step is the dynamic screening of the vehicles by means of
a portal facility featuring large surface, high sensitivity plastic detectors. It offers three basic
advantages: i) it assures the complete sweeping of both lateral sides of vehicles, ii) the alarm
levels are self-adjusting on the average background count-rate detected on the sides of clean
vehicles, and iii) it requires only a few seconds per vehicle.

The subsequent three steps are carried out by the operators only if a radioactive load has been
detected by the screening, and only if the count rate is below some safety limit. In this case the
hot spot on the side of the vehicle is manually localised by means of a large surface survey meter,
the kerma rate is accurately measured by means of a small volume integrating counter, and the
radionuclide is identified by means of a portable multichannel spectrometer.
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These points may deserve some technical comments. When a radioactive vehicle moves through
the portal detectors, the facility provides a rough localisation of the radioactive area, so that the
subsequent manual detection of hot points is made easier. For this purpose the use of portable
rate-meters with large surface probe is certainly suitable, however it is generally not suitable for
the assessment of kerma rates, as the answer is a count-rate figure averaged on the whole active
area of the probe. Now, we are looking for the maximum AKR (air kerma rate) and must consider
the possibility that, as previously mentioned, the source is screened in all directions except along
a narrow beam - say a few square centimetres. The use of a counter equipped with a small volume
probe - say twenty cubic centimetres - is much more appropriate in this case. But the sensitivity
of such a probe is consequently low, not adequate to the measurement of low-level radiation
rates, so that in order to obtain a sufficient precision the counter must include an integrating
device and the counting must be carried on for a sufficient time.

Accuracy is also important, in case that the results of our measurements should be compared with
that obtained by other experts with different instrumentation. This means that the portable
monitors must be accurately calibrated in terms of CPS (counts per second) per nGy/h. Accuracy
is a somehow complex matter. First, the background AKR is measured by means of an adequate
reference ionisation chamber, both far from and close to the side of a clean vehicle loaded with
scrap. Then, the same procedure is carried out with the monitor. The result is a calibration chart in
which the nGy/h scale is shifted to the left (figure 4), so that the zero reading of the monitor
matches the background AKR measured with the reference chamber.

Not very often, sources detected in scrap loads that either come from Italy, or already went
through Italian customs must be isolated and disposed of. In this case the transport regulations
require that activity is measured, which usually is impossible. All that we can actually do after the
source has been isolated and the nuclide has been identified, is measuring AKR at a suitable
distance, estimating the geometric form [7] and the possible screening effect, then get a very
rough assessment of the activity by means of a set of appropriate tables (figure 5).

3 - CONCLUSIVE REMARKS

As far as we know, the control system we have here described is not implemented in any other
Italian steel works. It has been carried through in September 1995. Ever since, about 0.7 % of the
controlled wagons have been found to contain radioactive sources, most often Ra-226, Co-60 an
Cs-137 (figure 6). Of course, we don't know how many beta-emitting or low-energy gamma-
emitting sources - as for instance Am-241 - remained undetected. Nevertheless, no radiation -
other than normal natural background - has been noticed on the specimens of steel which are
systematically analysed by gamma spectrometry after every casting. This eventually would prove
that, if this happened, only low-activity sources escaped.

Altogether, it is certainly a complex system, which in some cases requires the intervention of
qualified experts, nevertheless it is safe, fast and reliable. So reliable in fact, that it never gave rise
to legal contentious actions, in the cases when scrap loads had been rejected. This is an important
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point which has to be taken into account, too, since one must not forget that a rejected vehicle
involves high charges, which neither the steel works, nor the importers willingly accept.

There is a final point we would like to stress, which should be evident from our report and, we are
afraid, will not facilitate the achievement of the objectives of this meeting. On one side, clearance
levels of either radioactive metal scrap of known origin, or metal products from recycled scrap
are a matter of collective risk limitation. They can be agreed on in terms of averaging masses and
surfaces, estimating the percentages of all possible final fates of nuclides, calculating the effective
collective doses [8]. On the other end, removable contamination amounts, activities, physical
consistence of sources buried in scrap loads are generally unknown. No risk figure can be inferred
when measuring the AKR on the outside, other than the dose estimation for the persons who
approach the load. Therefore, in our opinion no de minimis criteria are applicable, nor any
clearance level is appropriate as far as radioactive monitoring of scrap vehicles is concerned.
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MINISTERO DELIA SANITA'
CIRCOLARI N. 30, 29 LUGL1O 1993 eN. 10, 2MAGGIO 1994

... THE RADIOMETRIC CONTROL OF METAL SCRAP SHALL BE PERFORMED BY THE FIRM
WHILE UNLOADING THE SCRAP LOAD.

... IN THIS RESPECT THE POSSIBLE IDENTIFICATION OF RADIOACTIVE MATERIALS POSES
THE SERIOUS PROBLEM OF DISPOSAL.

REGIONE AUTONOMA FRIULI VENEZIA G1UL1A
DIREZIONE REGIONALE BELLA SANITA \ CIRCOLARE 2 SETT 1993

... THERE ARE TO BE CONSIDERED AS "NEGLIGIBLE" ... AIR KERMA RATES LESS THAN 150
nGy/h MEASURED AT 20 cm FROM THE LATERAL SURFACES OF THE RAIL WAGON OVER THE
WHOLE HEIGHT OF THE LOAD.

... IF KERMA VALUES HIGHER THAN 150 nG/h HAVE BEEN DETECTED, THEY SHALL
IMMEDIATELY NOTIFIED TO LOCAL HEALTH AUTHORITY, WHICH WILL ALERT THE
HEALTH PHYSICS SERVICE.

... THE STEEL PLANT SHALL TEST BY GAMMA SPECTROMETRY, AT LEAST MONTHLY, A
SIGNIFICANT SAMPLE OF SPECIMENS REPRESENTATIVE OF PRODUCTS.

... THE CERTIFICATES OF "NEGLIGIBLE RADIOACTIVITY" SHALL BE SENT MONTHLY TO
THE PUBLIC HEALTH DEPARTMENT...

MINISTERO DELLE FINANZE
CIRCOLARE N. 13/D, 22 GENNAIO 1996

CERTIFICATE FOR THE IMPORTATIONOFMETAL SCRAP FROMNON-E.U. COUNTRIES

... RESULT OF MEASUREMENTS:
LOCAL MEAN NATURAL BACKGROUND AT THE MOMENT OF CHECK: F = ± jiGy/h
MAXIMUM AKR WITHIN 20 cm FROM LOAD SIDES: F = ftGy/h

THE UNDERSIGNED QUALIFIED EXPERT CERTIFIES THE MEASUREMENTS CARRIED OUT ON
LOAD DID NOT RESULT IN VALUES HIGHER THAN THE MEAN FLUCTUATION OF LOCAL
NATURAL RADIATION BACKGROUND...

FIGURE 1 - ABSTRACT OF ITALIAN REGULATIONS
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- SCREENING BY PORTAL FACILITY: 10 seconds

ii - MANUAL RANGING OF SOURCE: 10 minutes

iii - HOT SPOT LOCALISATION AND AKR MEASUREMENT: 30 minutes

iv - RADIONUCLIDE IDENTIFICATION: 10 minutes

FIGURE 3 - VEHICLE MONITORING SYSTEM
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TEMA S/N 3100/3033
SCRAP MONITORING CALIBRATION CHART
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C1) BKGND: 76 nGy/h (ionisation chamber Health Physics mod. 1010B, S/N 274)
Same conditions as AKR exposures, 1 m above ground level

(2) Same conditions as scrap monitoring: ferrous scrap lorry, 20 cm aside

FIGURE 4 - CALIBRATION OF A SURVEY METER
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CRÀD - CENTRO DI RICÉRCA APPLICATA E DOCUMENTAZIONE
VALUTATONE APPROSSIMATA

DELL'ATTIVITÀ DI UN ROTTAME DI FERRO

1 - LA SORGENTE DEVE ESSERE ISOLATA, LE MISURE DI KERMA DEVONO ESERE ESEGUITE CON
CAMERA A IONIZZAZIONE A DISTANZA DETERMINATA

I radionuclidi considerati in queste schede sono Co-60 e Ra-226
Le distanze previste per le misure sono: 20, 30, 50 cm dal centro della sorgente sull'asse normale
Fattori Г: per il Co-60 : 0,357 nGy/h MBq @ 1 m; per il Ra-226 : 0,224 ^Gy/h MBq @ 1 m.
Attenuazione del ferro, TVL : per il Co-60 : 7 cm; per il Ra-226 : 8 cm

2.2 - NUCLIDE INGLOBATO E DIFFUSO NEL FERRO: FATTORE DI TRASMISSIONE C A

spessore Fé in cm 1 2 3 4 5 6 7 8 9 10

CA per il Co-60 0,86 0,74 0,64 0,56 0,50 0,44 0,40 0,36 0,33 0,30

CA per il ra-226 0,89 0,79 0,71 0,64 0,58 0,52 0,49 0,45 0,42 0,40

3.2 - SORGENTE DI SUPERFICIE ESTESA. COEFFICIENTE GEOMETRICO Qj

areacmxcm 10x10 15x15 20x20 30x30 40x40 50x50 60x60 80x80 100x100

Co a 20 cm 0.96 0.92 0.86 0.74 0.62 0.51

Co a 30 cm 0.98 0.96 0.93 0.86 0.78 0.70 0.62

Q, a 50 cm 1.00 0.98 0.97 0.94 0.90 0.86 0.81 0.71 0.62

4 - VALUTAZIONE DELL'ATTIVITÀ' IN MBq, AKR MISURATO IN jxGy/h

misura a 20 cm A = (AKR x 0.04) / (CA x CQ x Г)

misura a 30 cm A = (AKR x 0.09) / (CA x Co x Г)

misura a 50 cm A = (AKR x 0.25) / (CA x Co x Г)

FIGURE 5 - APPROXIMATE ASSESSMENT OF SOURCE ACTIVITY
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CRAD - CENTRO DI RICERCA APPLICATA E DOCUMENTAZIONE
CONTROLLO RADIOMETRICO SU CARICHI DI ROTTAMI DI FERRO

PER FERRIERE NORD SPA, RIVOLI DI OSOPPO
ANNO 1996

gennaio
febbraio
marzo
aprile
maggio
giugno
luglio
agosto
settembre
ottobre
novembre
dicembre

controllati

239
1290
650
732
673
666
664
475
927
1017
1173
943

rigettati

3
13
6
6
4
4
12
2
8
3
2
2

% mensile

1.26
1.01
0.92
0.82
0.59
0.60
1.81
0.42
0.86
0.29
0.17
0.32

% total

1.26
1.05
1.01
0.96
0.89
0.85
0.98
0.93
0.92
0.82
0.73
0.69

totale 9449 65 0.69 0.69

min max

32
26
4
1
1
1

Ra-226
Co-60
Cs-137
K-40
Ag-108m
?

0.18
0.11
0.12

2.14
0.52
0.37
0.39
0.22
0.18

(*) punto caldo a Зет dalla fiancata; Radalert 1202 calibrato; tempo di
integrazione 5 minuti.

FIGURE 6 - FERRIERE NORD: RADIOACTIVE LOADS IN 1996
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CLEARANCE, A POWERFUL TOOL IN OPTIMIZING THE VOLUME OF
RADIOACTIVE WASTES

W. Blommaert, L. Teunckens
Belgoprocess NV, Gravenstraat 73
2480 Dessel, Belgium

Abstract

In the framework of its activities in decommissioning nuclear installations,
Belgoprocess applies the clearance practice in optimizing the volume of radioactive wastes. The applied
clearance methodology is discussed with special emphasis to different types of materials and to the
associated measurements. Four practical cases are elaborated, dealing with the decommissioning and
decontamination of two small buildings up to green field conditions, the unconditional release of large
quantities of slightly contaminated active carbon, the melting and clearance of stainless steel fuel racks
and of aluminium heat exchangers. The attention is drawn on practical problems associated with
sampling and measurement strategies, in relation to the proposed low limits for unconditional release.

1. INTRODUCTION

In Belgium, Belgoprocess can be considered as a pioneer in
decommissioning and in the application of the clearance principle on an industrial scale. A pilot
decommissioning project was executed from 1988 till 1991, including the dismantling and
removal from the controlled area of two buildings of the former Eurochemic reprocessing
plant. The project demonstrated, among others, the feasibility of decontaminating components
and concrete structures up to very strict unconditional release levels. The first steps towards
the practical application of unconditional release were difficult, however, as it was required to
convince the authorities of the application of the unconditional release practice as such. The
absence of any Belgian (nuclear) regulation for unlimited reuse or uncontrolled dumping of
suspected and/or decontaminated materials, in combination to the absence of internationally
accepted unconditional release limits at that time, resulted in a policy of minimization instead
of optimization.

On a step-by-step or case-by-case basis, we finally succeeded in the
removal from the controlled area of storage vessels and debris from the demolition of the
buildings involved. Since then, unconditional release or clearance can be considered as a
routine practice, and a lot of effort has been put in optimizing related decommissioning and
decontamination methods and techniques. On an annual basis several hundreds of tons of
decontaminated materials are disposed of by application of the clearance principle.

On a cost-to-benefit basis, clearance definitely is the adequate method to
optimize the volume of radioactive wastes, considering unconditional release limits do not tend
towards minimization. The derivation of unconditional release limits should include equity
principles concerning risks, non-nuclear activities and excluded practices. Minimization in this
case would result in excessive investments in decontamination activities and measurement
techniques. Moreover, measurements at the level of detection limits of available industrial
equipment would only yield biased results.
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In this paper, application of the clearance principle is demonstrated for
four typical cases, with special emphasis to the methodology of decontamination, sampling,
analysis and interpretation.

2. CLEARANCE METHODOLOGY

Initially, clearance at Belgoprocess was based on monitoring of surface
contamination only. The method consists of two successive measurements of the complete
(100 %) surface of the submitted material. Measurements are performed independently by two
radiation protection officers. Specially assigned measuring instruments are used. As long as the
material is on-site, an independent radiation protection control organization has the
opportunity to make supplementary checks. For materials that have been decontaminated, a
delay period of three months is foreseen between the two measurements.

As decommissioning proceeded, a need existed to extend the available
procedure to other types of measurements, and hence, to adapt the procedure to other
geometrical material forms as well. A study of the types of materials present in the installations
finally resulted in four "clearance types", i.e., surface contamination measurements, bulk type
material measurements (e.g. active carbon in drums), measurement of materials stored in
drums and materials that can be homogenized. For each type, a chronological sampling and
measurement methodology was elaborated, independent of the unconditional release limits.
Almost all "clearance types" involve a combination of surface contamination measurements
and specific activity measurements. As a result of many years of experience, it is the aim to
reduce the second monitoring for surface contamination to about 10 % of the material to be
screened. Indeed, the amounts of material that was found to be contaminated above the
unconditional release levels during the second measurement, were only fractions of a percent
of the total amount of material submitted. Moreover, in almost all these cases, the detected
activity levels were only slightly above the limits.

In addition, a similar scenario was developed, considering also the non-
nuclear aspects associated with the removal of materials from the site. In this scenario,
reference is made to potential destinations of the material involved.

Important in the evaluation phase, and especially prior to
decommissioning, are the historical data related to the installations and materials involved. All
available information should be gathered and thoroughly studied, since it may reveal evidence
on previous contamination and/or decontamination of installations or structures, on changes in
equipment or modifications of structural components, and on types of decontamination
techniques used (e.g. high pressure water cleaning or "dry" cleaning), and this throughout the
lifetime of the installations.

The complete methodology has been discussed with the independent
radiation protection control organization and with the authorities. So far, however,
unconditional release practices are still based on a case-by-case approach, which implies that
the authorities (and/or the independent radiation protection control organisation) have to be
consulted for each new type of material subjected to release. When releasing a certain type of
material for the first time, the practice and used release levels have to be documented and to be
justified considering the destination of the material. At present, unconditional release levels are
used as mentioned in official IAEA, EC or OECD publications. Large discrepancies, however,
can be found between these various publications.
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3. CASE 1, THE DECOMMISSIONING OF BUILDINGS 6A AND 6B
(EUROCHEMIQ

Two small buildings 6A/6B of the former Eurochemic reprocessing plant
have been decommissioned as a first large scale application of decommissioning and clearance
in Belgium. The buildings were used to store uranyl nitrate and plutonium dioxide, end
products of the reprocessing activities. Spent solvents were stored in these buildings as well.
The decommissioning was set up as a pilot project in order to demonstrate the feasibility of the
decommissioning of nuclear installations. Special attention was put on decontamination and
clearance.

The two buildings comprised a total volume of 3,300 m3 with 5,000 m2

concrete surface area, 47 tons of metal components and 950 m3 of concrete. The average
surface contamination was of the order of a few Bq/cm2, with spots up to 100 Bq/cm2 for both
alpha and beta emitters. Dose rates varied between 300 and 500 microsievert/h.

All process equipment has been removed and floors, walls and ceilings
have been decontaminated to background levels. Decontamination of metals was carried out
using chemical methods, cutting and grinding, whereas concrete was decontaminated using
scabbling and pneumatic hammering. Storage vessels, showing rather high alpha and beta
contamination, have been decontaminated to unconditional release levels of 0.04 Bq/cm2 for
alpha and 0.4 Bq/cm2 for beta emitters. De-restriction of materials from the controlled area
was carried out by the in-house health physics department, and was confirmed by an
independent radiation protection control organization. The clearance procedure included:

- two successive measurements of the complete (100 %) surface;
- random control measurements by an independent radiation protection control organisation;
- taking core samples and qualitative and quantitative sample analysis;
- specific activity limit set at 1 Bq/g (beta gamma) for 1,000 kg with a maximum of 10 Bq/g;
- destructive analysis of core samples showing the highest radioactivity levels.

Measurements were performed independently by two radiation protection
officers. Specially assigned measuring instruments were used. As long as the material was
onsite, an independent radiation protection control organisation had the opportunity to make
supplementary checks.

Taking core samples was necessary in order to facilitate the approval for
unconditional release of debris after the demolition of the buildings. Samples were taken at
places where previously spots were found with the highest radioactivity levels. At these places,
the probability for penetration of contamination was found to be most likely. All analyses
showed that the specific activity was well below 1 Bq/g, and hence the material could
potentially be released. Although the psychological barrier towards clearance appeared to be
high, finally about 65 % of all metals could be "cleared", the remaining quantity mostly not
having the geometry to allow for adequate measurement. In various operations, 76 tons of
concrete debris was generated, of which 53 % was not radioactive. At the final demolition of
the two buildings, another 2,350 tons of concrete debris was removed to a public disposal
ground for inert wastes.

The project started in 1988, and green field conditions were met in 1991.
The major problem in applying the clearance principle consisted in convincing the authorities to
accept the unconditional release practice. Operations therefore had to be carried out on a case-
by-case basis. Due to the lack of existing target values for clearance, limits were minimized and
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certainly not optimized. Hence, surface activity levels were set at the detection limits of the
existing measurement equipment. This was a major reason why the health physics department
contributed for about 16 % to the overall decommissioning costs for the buildings 6A/6B.

4. CASE 2, THE RELEASE OF 142.6 TONS OF ACTIVE CARBON

During operation of the waste treatment facilities, in a period of 10 years,
a stock of 1,581 drums, corresponding to 166 tons of contaminated active carbon, was built up
by the end of 1994, originating from the Belgian nuclear power plants and from the nuclear
research centre SCK/CEN.

A preliminary sampling and analysis campaign revealed the presence of
137Cs and 60Co, in addition to naturally occurring radionuclides. Gamma emitting radionuclide
concentrations varied between the detection limit of the equipment used and some hundreds of
Bq/kg. Some samples showed some alpha contamination. The most important activity
concentrations, however, resulted from the presence of 14C (500 to 14,000 Bq/kg). Detected
concentrations all proved to be well below the proposed IAEA specific activity limits for
unconditional release. In view of these very low specific activities, the feasibility for monitoring
and cost estimates carried out, clearance of the materials was considered to be the best option.
As a result, an extended sampling and analysis programme was elaborated. After consultation
with the independent radiation protection control organization, the programme was submitted
to the authorities for approval.

On the whole, 61 samples were selected from 645 drums. Most of the
results obtained from the analyses showed specific activity levels below the IAEA
unconditional release limits. Hence, the material could potentially be released. In addition,
never used active carbon samples were analysed as a reference material. The I37Cs content of
these samples was of the same order of magnitude as the 137Cs content in the majority of the
analysed samples. This proved to be a strong argument for the authorities to grant final
approval for the considered clearance practice. Sampling itself appeared to be representative as
was demonstrated by gammascanning of 6 previously sampled drums. Sampling analysis
demonstrated, however, that the material was not necessarily homogeneous within one delivery
consisting of several drums. As a drumscanning system was not available within the company,
and as sampling and characterizing all drums would be very time consuming and very
expensive, in agreement with the authorities, it was decided to monitor all drums by dose rate
measurement. In doing so, the drums, corresponding to the samples with the lowest
radioactivity content, served as a background value. A calibration curve, presenting dose rates
versus radioactivity contents, was derived from previously sampled drums with known
activities. The cut-off level was set at 1.5 times the background value. This cut-off value
corresponded to specific activity concentrations well below the unconditional release limits.

Leaching tests performed on samples indicated that 137Cs and 40K had
readily leached out for respectively 25 % and 45 %. Chemical analysis of the active carbon
showed the presence of 1, 1, 2 triclorethane in concentrations that were unacceptably high for
disposal on the most restrictive type of public disposal ground. This chemical component,
however, was directly related to the fabrication process, and had definitely nothing to do with
the use of the material in a nuclear environment. As a result, the material should be
preconditioned by cementation, prior to disposal.
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Application of this methodology finally resulted in the unconditional
release of 86 % (or 142.6 tons) of the slightly contaminated active carbon. The project
demonstrated the feasibility of releasing materials that actually contained radionuclides in
measurable concentrations. An extensive sampling and analysis programme was carried out. A
simple tool such as dose rate measurements gave enough evidence in order to get the material
released. Moreover, it was demonstrated that sampling of previously homogenized materials
appeared to be representative. This is an important conclusion in view of the future potential
release of previously homogenized structural materials (e.g. resulting from grinding of
concrete). It may not be overlooked that, in addition to nuclear aspects, also pure conventional
aspects play an important role in clearance of materials.

5. CASE 3, THE MELTING OF STAINLESS STEEL FUEL RACKS

Different scenarios for treatment, conditioning and disposal or recycling
of 7 fuel racks from a PWR nuclear power station have been evaluated. The racks were
stainless steel constructions with a total mass of 28 tons. One fuel rack consisted of 30 tubes
with a length of 3 meters and a cross-section of 0.3 x 0.3 m2. Historical data on the material
involved mentioned that the racks had been stored in a fuel pool, but never had been used for
fuel storage due to inadequate construction. According to bookkeeping records a total activity
of 3.0 109 Bq was assigned to the racks, corresponding to a specific activity level of 94 Bq/g.
A cost-to-benefit analysis showed that melting should be the best choice for treatment. So, in
two transport campaigns, the 7 racks were shipped to Sweden for melting in the Studsvik
controlled melting facility.

The information based on which the final characteristics of the fuel racks
were adopted has been obtained in a multiple approach, considering wipe test measurements
(removable fraction), sampling and analyses of parts of the racks, and a computer simulation
based on dose rate measurements and surface contamination data.

Analyses of samples from the rack showing the highest dose rate, revealed
that 60Co was the major radioactive constituent (77 %), followed by 137Cs (20.5 %), 241Am
(1.4 %), and 94Nb (1.1%). Abrasive blasting and electrochemical decontamination of the
samples demonstrated that only part of the contamination could be removed. As a result, and
due to the fact that 94Nb was found to be present, it was considered that activity might have
been induced by activation of the structures. Different estimates carried out indicated specific
activity levels ranging from 1.8 Bq/g to 7 Bq/g. Using a computer code simulation, a specific
activity of 4 Bq/g was calculated for the rack with the highest dose rate, and was considered to
be the most probable value.

According to the data obtained from the first melting campaign (16 tons),
however, the initial specific activity of the racks was equivalent to about 10 Bq/g of 60Co. This
value was derived from analyses carried out on samples of ingots, slag and dust. It appeared
that the specific alpha and beta activity had been underestimated respectively by a factor of 6.7
and 4.4.

As such, although all characterization measurements had been thoroughly
carried out, major difficulties have been encountered, such as:

- the lack of historical data on characterization and use of the racks (contamination or
activation);
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- the representativity of sampling (wipe tests, cutting samples), mainly due to complex
geometries;

- the possible errors in interpreting surface contamination data considering the unknown
quantity of removable contamination and the uncertainty about its distribution to be
homogeneous.

Apparently, there is also no linear response between initially measured
doserates and the specific activity obtained when analysing the samples of the ingots. It is even
questionable, and mainly for the reasons mentioned, whether melting of larger quantities of
samples of the racks on a laboratory scale would have resulted in a better estimate. On the
other hand, melting proved to be the best option with respect to volume reduction and in order
to obtain reliable activity data, provided sampling and analyses are performed using qualified
and proved procedures by the involved parties.

Finally, as almost all ( > 95 %) residual radioactivity was due to 60Co, the
material will be cleared for reuse after a period of interim storage for decay.

6. CASE 4, THE MELTING OF ALUMINIUM HEAT EXCHANGERS

Similar as for the fuel racks, different scenarios for treatment,
conditioning and disposal or recycling of 9 aluminium horizontal shell-in-tube heat exchangers
with a total mass of 42 tons has been evaluated. In addition, 2 tons of aluminium piping has
been considered. Contamination was considered to be on the inner side of the tubes and not on
the shell-side of the heat exchangers. Historically, no specific activity has been assigned to the
heat exchangers.

Based on technical and economic evaluations, melting was chosen as the
best option for treatment. Before melting, however, vacuum cleaning of the heat exchangers
was performed in order to remove loose material. Based on wipe tests carried out after the
cleaning operations, the activity content averaged over the total mass of the heat exchangers
was estimated to be about 3 Bq/g for alpha and 12 Bq/g for beta. For the additional piping
work, higher activity figures of 49 Bq/g for alpha, and 98 Bq/g for beta activities were
obtained. These values could, however, be reduced drastically by a factor of 2 to 10, by
decontamination via high pressure water jet spraying.

The feedback of activity data resulting from the melting of the fuel racks,
as indicated in section 5, however, was a good reason to re-evaluate the estimates mentioned
previously. As such, 6 samples were taken from tubes of the upper and lower parts of three
heat exchangers. Direct measurement of these samples indicated activity levels for alpha and
beta of respectively 29.9 Bq/g and 26 Bq/g. These values proved to be considerably higher
than those derived by wipe test measurements (factor 10 for alpha and 2 for beta).

After subsequent melting of the samples by Studsvik in Sweden, ingots
and slag were analysed indicating activity levels of 74.2 Bq/g for alpha and 7.1 Bq/g for 60Co.
Based on these figures, a re-evaluation of the activity, averaged over the total mass of the heat
exchangers, resulted to be 2.4 Bq/g for beta (^Co) and 1.9 Bq/g for alpha. As the last figure
was higher than the unconditional release limit applied in Sweden, 1 Bq/g, the heat exchanger
tubes were mechanically cleaned with a steel brush, vacuum cleaned, and rinsed with water to
remove remaining surface particles and dust. After cleaning, a first transport, containing 4 heat
exchangers (18.5 ton), was shipped to Sweden. When preparing this transport, a lot of
difficulties were met concerning the exact definition of the material to be shipped. Extensive
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consultation between the authorities of the countries involved (including transport) finally
resulted in defining the materials as re-usable goods. It took almost 6 months, however, to
solve this misunderstanding.

In the controlled melting facility of Studsvik, the heat exchangers were
melted in 33 separate batches. Shell material and tubes were melted separately, and samples
were taken for analyses. Samples from ingots resulting from the melting of the outer parts of
the heat exchangers, showed specific activity levels for alpha and beta, which were well below
the unconditional release limits. As such, this material should be available for unconditional
release in Sweden. Melting of the inner tubes, however, resulted in ingots with activity levels
for 241Am, which are slightly above the target limits, at least for certain batches. The same was
true for 60Co, although this should not be a problem as storage for decay is considered to be an
acceptable part of the practice. If the material had been melted without separation of the inner
tubes and the outer shell of the heat exchangers, the obtained activity concentrations would
have been 0.42 Bq/g for 241Am and 0.78 Bq/g for 60Co. Gammaspectrometrical analysis
indicated that 60Co was the most abundant (> 98 %) radionuclide. Analysis of some samples
from tube ingots, however, showed a ^'Pu to 241Am ratio of 4. As a result, it was obvious that
the total alpha activity largely exceeds the unconditional release limits. Based on these figures,
the ingots resulting from the melting of the tubes are not available for unconditional release and
will be returned to Belgoprocess in Belgium.

As a result of these experiences, an aggressive mechanical
decontamination of the heat exchanger tubes was investigated. As such, the remaining heat
exchangers were mechanically decontaminated using an air powered tube cleaner with a
cleaning tool on a rotating shaft, and incorporated water flushing to remove deposits as they
are loosened.

Before planning any additional transport of heat exchangers in view of
melting, and as a result of the discrepancies detected between analytical data and estimated
figures, a research programme was set up on a laboratory scale with the aim to reduce possible
uncertainties associated with sampling and analysis. Therefore, after aggressive
decontamination, samples have been taken from the heat exchanger tubes for analyses both in
the Belgoprocess and the Studsvik laboratories, in order to obtain a complete characterization
prior to and after melting of the samples. The final goal is to obtain a sampling and analysis
procedure, that can be approved and accepted by all the parties involved, which is considered
to be a first priority as misinterpretation might lead to unnecessary melting and/or
decontamination operations. In view of the possible associated costs, alternative treatment
methods indeed could become more interesting, e.g. cutting, compaction and cementation as
nuclear waste. At present the analytical data from both laboratories are not yet available or
have not yet been exchanged and compared. Hence, conclusions cannot be drawn.

As mentioned, no further shipment of remaining heat exchangers will be
envisaged before an agreement has been obtained about the methodology for sampling and
analyses and on the interpretation of the data obtained. This case, however, clearly
demonstrates the difficulties encountered in representative sampling, measurement and
interpretation. It has been illustrated in Table 1, listing the different calculated and actually
measured activity concentrations.
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TABLE 1. Survey of calculated and measured activity concentrations (Bq/g)

a

3

wipe
test

3 (aT)

12 (pT)

1tubes
samples

direct measurement
max.

57.9 (<xT)

40.4 (px)

average

29.9 (<xT)

26 (PT)

melt
(Sweden)

74.2 (aT)
2.9 (24IAm)

7.1(*°Co)

heat exchangers
(total, calculated)

initially

24.5 (<xT)

2.4 ("Co)

ingot

1-9 (aT)

0.2 ("Co)

melt
(4 heat

exchangers)
average

0.42 (241Am)

0.78 ("Co)
ax: total alpha
3T: total beta

7. PRACTICAL EVALUATIONS CONCERNING MEASUREMENTS FOR
CLEARANCE

An overview of the characteristic data related to the cases mentioned is
given in table 2. Data on the unconditional release of materials resulting from the
decommissioning of the former Eurochemic reprocessing building are given in Table 3. This
table clearly demonstrates the importance of the application of clearance practices in
optimizing the volumes of radioactive wastes.

for clearance:
Some practical evaluations result from the experience with measurements

it is important to have the historical data concerning the radiological composition and the
use of the materials involved; data on previous manipulations such as decontamination are
also extremely important;
materials and structural components should be dust free in order to avoid recontamination;
after chemical decontamination, some waiting time should be respected in order to allow the
material to sweat,
measurements must be carried out in low background radiation areas;
direct measurement for alpha contamination is very susceptible to errors due to surface
conditions (e.g. roughly scabbled surfaces) and the presence of dust or salts; the surface
should be completely dry, and as such, it is extremely important to use "dry"
decontamination techniques yielding smooth surfaces (e.g. shaving of concrete walls);
drumscanning is very suitable for gamma emitting radionuclides, provided the material is
homogeneously distributed; large errors may be induced for other materials, however, due
to improper correction for shielding effects;
in reprocessing facilities, alpha radionuclides are mostly associated with beta and gamma
emitters; the initial isotopic composition may change drastically, however, for instance as a
result of extensive rinsing of the material; as such, the highest care should be taken in
calculating alpha activities from detected beta activities, by simply using an isotope vector;
certified standards should be used in suitable and representative geometries;
due to the low values of proposed unconditional release limits, the uncertainties on the
analytical results may become very important;
the active-passive neutron analysis technique gives rise to detection limits for alpha that are
far too high in relation to clearance;
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in situ gammascanning looks very promising for measuring large surfaces; in combination
with sampling and analysis of representative demolition debris, this technique may yield
valuable and reliable results, and as such, in situ gammascanning may be considered as one
of the decision making analytical techniques prior to demolition;
after clearance and before disposal, materials should be temporarily stored in specifically
designated areas;
when considering unconditional release of materials, non-nuclear aspects are important as
well, especially for disposal on public disposal grounds; they are subject of a specific
legislation with different specific requirements and dealing with different authorities;
regulations vary from country to country; as such, it may happen that material
unconditionally released in one country, has to be considered as radioactive when exported
to another country.

8. CONCLUSIONS.

Belgoprocess applies the clearance principle in order to optimize the
volume of radioactive wastes, and annually releases several hundreds of tons of materials from
the controlled areas. This quantity is continuously increasing due to the application of
optimized tools and methods for dismantling and decontamination. Melting of metals is a very
promising (and already applied) technique in clearance practices, and has the potential to treat
much larger quantities as is done today, provided, however, that unconditional release limits
are generally accepted.

Many of the problems encountered in clearance practices are
psychological rather than technical problems. Industrial practices that exist for a long time
suffer less of this phenomenon due to the general public acceptance of the practices as such.
The public is not anymore aware of the actual existing risk factor.

A lot of studies on clearance/exemption are based on results obtained in
various research activities, incorporating the potential to introduce multiple errors when
proposing unconditional release limits. This will finally result in very conservatively low values.
This can be illustrated by the individual dose of 10 microsievert per annum for a release
practice, a value nowadays considered as a maximum allowable figure. Unconditional release
limits based on this philosophy have nothing to do anymore with optimization. Too
conservative values put restrictions on the practical application of clearance.

Limits must be based on risk factors taking into account the equity
principle towards other existing industries and/or practices, generally accepted by the public
and, bearing in mind the optimum use of resources. The risk factors for these practices are
higher than those currently used in most of the safety evaluations concerning clearance of
materials. Clearance studies therefore should be thoroughly screened, especially in view of
starting points and correct parameter settings. Involvement of practicians in these studies, prior
to drawing final conclusions, certainly would be very beneficial, helpful and encouraging.
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TABLE 2. Summary of the four clearance cases.

Item

Storage buildings
6A and 6B

Active carbon

Fue! racks

Heat exchangers

Material type

ss + c
Concrete

Concrete debris
Bulk goods

SS

Aluminium

Mass (ton)

47
2,330

76
166

28

42
(18.5 ton melted)

Abundant
radionuclide

137Cs,Pu

'"Co, 137Cs, 14C

"Cs, 137Cs

"'Co, 24IAm, 238Pu

Monitoring type

SC
Core sample: SA+1

Sample: SA+1
Sample: SA+1

Leaching
Doserate

SC
Samples: SA+I

Melt: SA+I
SC

Sample: SA+I
Melt: SA+I

Clearance limits

SC a 0.04 Bq/cm2

P 0.4 Bq/cm2

SA: 1 Bate
IAEA limits

(TECDOC-855)

IBq/g
(Sweden)

lBq/g
(Sweden)

Clearance (%)

65
100
53

96

98,5

in progress

SC: Surface Contamination Measurement
SA: Specific Activity
I: Isotopic composition

SS: Stainless steel
C: Carbon steel

TABLE 3. Decommissioning of the Eurochemic reprocessing building. Data on produced and cleared quantities.

to
o

Year

1990
1991
1992
1993
1994
1995
1996
Total

Others
kg (%)

9 002
2 933
6 349
1785

11395
11814
6 926

50 204

(97.1)
(72.0)
(16.6)
(35.9)
(67.9)
(39.0)
(64.6)
(58.5)

Metal
kg (%)

20 639
37 466
61 193
52 576

169 430
120 913
113 908
576 125

Produced

(36.5)
(47.7)
(24.9)
(41.2)
(85.8)
(64.0)
(88.8)
(67.0)

quantities (% cleared)

Concrete
kg(%)

23 003
2 113

12 796
37 906
48 039
69 040

194 770
387 667

(80.9)
(0)
(0)

(4.7)
(6.9)
(0.4)

(51.1)
(31.8)

Barite
kg(%)

0
0

14 630
27 528
70 587
42 508
71 143

226 3 %

(0)
(0)

(100)
(93.4)
(100)
(99.0)
(99.4)
(98.8)

Total
kg

52 644
42 512
94 968

119 795
299 451
244 275
386 747

1 240 392

Clearance

Total
kg
34 865
20 003
30 892
49 816

226 941
124 319
275 839
762 675

%
Cleared

66.2
47.1
32.5
41.6
75.8
50.9
71.3
61.5
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6-B. PRESENTATIONS WITH OVERHEADS ONLY
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Issues

1. Terminology

2. Naturally occurring radionuclides

3. The exemption and clearance levels

4. Management of very low level wastes

5. Transboundary movements

6. The Waste Convention
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CHRONOLOGY OF IAEA
GUIDANCE ON EXCLUSION,
EXEMPTION/CLEARANCE LEVELS

1981 Considerations concerning "de minimis"
quantities of radioactive waste suitable for
dumping at sea under a general permit
(TECDOC-244).

1988 Exemption of Radiation Sources and Practices
from Regulatory Control, Interim Report,
(TECDOC-401).

1988 Principles for the Exemption of Radiation
Sources and Practices from Regulatory Control,
(jointly sponsored by IAEA and NEA) (Safety
Series No. 89).

1992 Application of Exemption Principles to the
Recycle and Reuse of Materials from Nuclear
Facilities (Safety Series No. I l l P-l.l).

1994 International Basic Safety Standards for
1996 Protection Against Ionizing Radiation and for the

Safety of Radiation Sources (Safety Series No.
115-1 (1994) and 115 (1996)).

1995 Experience in the Application of Exemption
Principles, Proc. Specialists Meeting, Nov. 1993,
(TECDOC-807).

1996 Clearance Levels for Radionuclides in Solid
Materials (TECDOC-855).
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Exclusion

Radiation
sources

Regulatory
control

Exemption

authorize!
discharge

^d isposal

Clearance
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TERMINOLOGY

If "clearance" only applies to solid

materials, what term should be used for

"trivial" liquid and gaseous releases?
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Control of
Gaseous and Liquid Releases

Dose Limit

zone of
optimization
of radiation protection

Dose Constraints for an individual source

"Trivial" release criterion

Natural Background
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Regulatory requirements ft
of discharges

(from "Regulatory control of radioactive
discharges into the environment" - draft
IAEA Safety Standards report)

Authorized Discharges > 10 ftSv/y

Formal authorization with specific
conditions
Effluent and environmental monitoring
Recording of discharges
Reporting of measurements
Periodic reassessment of doses

Authorized Discharges < 10

Notification and periodic review
No monitoring requirements
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rERM

CONTROL OF GASEOUS AND
LIQUID RELEASES

"Authorized discharge"

Includes all releases up to those bounded by the dose
constraint.

A special term for a release level based on triviality
concepts would be useful - "automatic authorized
discharge?"
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CONTROL OF EXPOSURE FROM

NATURALLY OCCURRING

RADIONUCLIDES
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Extract from BSS

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
Standards2.

2Examples 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
materials.
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Extract from BSS

2. REQUIREMENTS FOR PRACTICES

APPLICATION

Practices

2.1 The practice to which the Standards shall apply include:

(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
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Extract from B;

3. REQUIREMENTS FOR
INTERVENTION

APPLICATION

3.1 The intervention situations to which the Standards apply
are:

(b) chronic exposure situations requiring remedial
action to reduce or avert chronic exposure,
including:

(ii) natural exposure, such as exposure to radon
in buildings and workplaces;

(ii) any other chronic exposure situation specified
by the Regulatory Authority or the Intervening
Organizations as warranting intervention.
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NATURAL SOURCES AND THEIR CONTROL

Exposure

4 0 K

Cosmic Rays:
Global Average
La Paz
Aircrew

Radon:
Outdoors
Indoors

Mineral Sands
(Kerala)

Process materials
with high natural
radioactivity

Controllable?

No

No
Possible
Possible

No
Possible

Possible

Possible

Annual
Effective
Dose
Equivalent fiSv/v

165

380
2000
3000 (Concorde)

130 (Average)
1000 (Average)
-10,000 (max.)

6,000 (Average)
35,000 (max.)

up to 2000 (worker)
-10 (public)

Regulation
Cost
Beneficial?

-

No
No?

No
No
Yes

No
May be

May be

Existing
BSS
Guidance

Excluded

Excluded

Intervention

-

-
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CLEARANCE

Unconditional
clearance

release without conditions
on route after release or
on subsequent use.

(Clearance levels for radionuclides
in solid materials - (Interim report
for comment) IAEA-TECDOC-855,
(1996)).

Conditional
clearance

release with conditions on route
after release and on subsequent use.

(Application of exemption
principles to the recycle and reuse
of materials from nuclear facilities,
IAEA Safety Series No. 111-P1.1,
(1992)).
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EXEMPTION/CLEARANCE LEVELS

Too restrictive?

a) Basic criteria

National regulatory authorities have some
flexibility (BSS)

but for internationally derived values probably
need to stay with 10|nSv/y / 1 man Sv. (SS89 and
BSS).

b) Derived criteria

(i) unconditional clearance values
(IAEA TECDOC 855)

too conservatively derived?
not sufficiently based on real
industrial situations?

(ii) for application to metal recyle

conditional clearance values might
be less restrictive

but could they be used for
transboundary movements?

(iii) what values to use for exemption
of "bulk quantities" of materials
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MANAGEMENT OF VERY
LOW LEVEL WASTES

WASSAC Subgroup on VLLW identified six options:

(1) Reuse/recycle in the nuclear industry (controlled);

(2) Disposal in engineered facilities (controlled);

(3) Disposal in special VLLW disposal facilities
(controlled);

(4) Reuse/recycle outside the nuclear industry (cleared);

(5) Disposal in public landfills (cleared);

(6) Incineration and landfill disposal of wastes (cleared)
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PUBLIC ACCEPTANCE

In some countries - opposition to clearance policies
of nuclear industry

for example, landfill disposals

What alternatives are there?

French approach of zoning:

(i) all waste/materials from within "nuclear" zone go
for controlled disposal at special sites, or
recycle/reuse within the nuclear zone;

(ii) waste/materials from outside zone are free from
restrictions.
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TRANSBOUNDARY MOVEMENTS

Mostly metals - steel, scrap - international trade

FREE MOVEMENT

Need for internationally accepted clearance levels

Unconditional clearance levels - because fate after
movement between
countries is not
certain.

Conditional clearance levels - if it is certain that
scrap is used for a
specific purpose.

bilateral agreements?

DETECTION AT BORDERS

Simple monitoring system at borders cannot demonstrate
compliance with clearance criteria.

Need to combine monitoring with agreed administrative
and QA arrangements.
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DRAFT Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste
Management

Article 30 Reporting

each Contracting Party shall submit a national report

the report shall address the measures taken to implement
each of the obligations of the Convention. For each
Contracting Party the report shall also address its:

(i) spent fuel management policy;

(ii) spent fuel management practices;

(Hi) radioactive waste management
policy;

(iv) radioactive waste management
practices;

(v) criteria used to define and categorize
radioactive waste.

The term "radioactive waste" is to be
defined by each Contracting Party.

Movement towards a common international definition of
radioactive waste?
If so, what would be the basis?
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Workshop

Exclusion, Exemption, Clearance

EUROPEAN UNION

approach

A. Janssens
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Overview

Euratom Basic Safety Standards

- administrative requirements

- radiation protection of the population
Scope of the Standards
- natural radiation sources
- exclusion

Exemption
Clearance

Import of radioactive scrap metal

EURATOM
BASIC SAFETY STANDARDS

for the protection of the health of
workers and the general public

against the dangers
arising from ionizing radiation

COUNCIL DIRECTIVE 96/2 9/EURATOM
of 13 May 1996
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Administrative Requirements

1. Reporting
— no prior notification
— no registration

2. Prior authorization
(licencing)

Prior authorisation

Authorization: a permission
granted in a document by
the competent authority, on
application, or granted by
national legislation, to
carry out a practice or any
other action within the
scope of this Directive.
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International
Basic Safety Standards

Practices and sources within a practice may be
exempted from the requirements of the Standards
provided that such sources comply with:
a) the requirements specified in Schedule 1
b) any exemption levels defined by the

regulatory Authority

Exemption shall not be granted for practices
deemed not to be justified

Exemption

IBSS: from the requirements of the
Standards
EURATOM: from the requirement of
reporting
- general principles continue to apply

- exemption from prior authorization only for the
following practices...
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Euratom Basic Safety Standards
Prior Authorisation

• Article 4: Authorisation
• Article 5: Authorisation and clearance for

disposal, recycling or reuse

Art. 4: Authorisation
- 1 Each Member State shall require prior authorization

for the following practices ...
- 2. Prior authorization may be required for practices

other than those listed in paragraph 1.
- 3. Member States may specify that a practice shall not

require authorization where:
• (a) in the case of..., the practice is exempt from reporting; or
• (b) in cases where a limited risk of exposure of human beings

does not necessitate the examination of individual cases ... in
accordance with conditions laid down in national legislation.

Art. 5: Authorisation for disposal, recycling or
reuse
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Each MS shall require
prior authorisation

for the following practices:
(a) operation and dacossnissioni.ng of any facility of the
nuclear fuel cycle and exploitation and closure of uranium
mining;

(b) the deliberate addition of radioactive substances in
the production and manufacture of medicinal products and
the import or export of such goods;

(c) the deliberate addition of radioactive substance* in
th« production and nanufictun of O O M I B R goods and the
import ox export of n c h goods;

(d) the deliberate administration of radioactive substances
to persons and, in so far as radiation protection of human
beings is concerned, animals for the purpose of medical or
veterinary diagnosis, treatment ox research;

(e) th« use of X-ray sets or radioactive souroaa for
industrial radiography or processing of products or
research of the exposure of persons for madicaj. treatment
and the use of accelerators except electron microscopes

Prior Authorisation
1980

In the light of possible dangers and other relevant
considerations

in cases decided upon by each Member State

irrespective of the degree of danger:

- the administration of radioactive substance to
persons, their use in toys, their addition in
foodstuffs, medicinal products, cosmetics,
household products
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Prior Authorisation
1996

• Member States shall require prior
authorization for the following practices...

• prior authorization may be required for
practices other than those listed

• Member States shall permit neither the
- deliberate addition of radioactive substance in

the production of foodstuffs, toys, personal
ornaments and cosmetics

V

Radiation Protection of the
population in normal

circumstances

Conditions for authorisation of
practices
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Conditions for
authorisation of practices

(a) examination and approval of plans
for installations involving an exposure
risk, and of the proposed siting,

(b) acceptance into service of such new
installations subject to adequate
protection being provided,

(c) examination and approval of plans
for the discharge of radioactive
effluents.

Euratom Treaty
Chapter III: Health and Safety

• Articles 30-33: Basic Safety Standards
• Article 34: Opinion/assent on dangerous

experiments

• Articles 35-36: Environmental radioactivity

• Article 37: Opinion on planned disposal of
waste

• Article 38: Recommendations on level of
radioactivity in individual Member States
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V.

Environmental Radioactivity
(Art. 35-36)

Each Member State shall establish the facilities
necessary to carry out continuous monitoring of
the level of radioactivity in the air, water and soil
and to ensure compliance with the basic standards

The appropriate authorities shall periodically
communicate information on the checks
referred to in Article 35 to the Commission so that
it is kept informed of the level of radioactivity to
which the public is exposed

Radiation Protection of the
Population

IBSS: no environmental monitoring for
exempted practices

EURATOM:
- effluent monitoring for authorized practices

- monitoring for widespread radioactivity from
all sources, including exempted sources
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Scope
1980

all activities involving
a hazard arising from
ionizing radiation

natural or artificial
sources

population: protective
arrangements in
- normal circumstances
- in the event of an

accident

1996
all practices involving a
risk from artificial or
(processed) natural
sources
work activities involving
the presence of natural
sources

intervention situations
- radiological emergencies
- past practices or work

activities

V.

Scope (Art. 2)

1. ..all practices which involve a risk
emanating from...a natural radiation source
in cases where natural radionuclides are or
have been processed in view of their
radioactive, fissile or fertile properties
- uranium, thorium metal,

- Ra-226, Po-210 sources,

- (residues from such practices).
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Scope (Art. 2)

2. In accordance with Title VII... to work
activities ... which involve the presence of
natural radiation sources and lead to a
significant increase in the exposure of
workers or members of the public which
cannot be disregarded from a radiation
protection point of view

Scope (Art. 2)

• 3. In accordance with Title DC ... to any
intervention in cases of radiological
emergencies or in cases of lasting exposure
resulting from a past or old practice or work
activity.

• 4. This Directive shall not apply to
- radon in dwellings
- the natural level of radiation
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EXCLUSION
natural level of radiation

radionuclides in the human body

cosmic radiation prevailing at ground level

aboveground exposure to radionuclides
present in the undisturbed earth's crust
- no quarrying, underground or open cast mining
- ploughing, excavation or refill as part of farm

or construction work
• except as part of interventions for restoration of

contaminated earth.

Work Activities
Title VII of the BSS

Art. 40: Application
-40.1: scope
- 40.2: identification
- 40.3: applicability of Articles 41 and 42

Art. 41: Protection against exposures from
terrestrial natural radiation sources

Art. 42: Protection of aircrew
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Article 41
Protection against exposure from

terrestrial natural radiation sources

For each work activity declared by them to be of
concern, the Member States shall require the
setting-up of appropriate means for monitoring
exposure and as necessary:
- (a) the implementation of corrective measures to

reduce exposure pursuant to all or part of Title DC.

- (b) the application of radiation protection measures
pursuant to all or part of Titles III, IV,V, VI and
VIIL

Provisions on Natural Radiation
RADON IN DWELLINGS :
Commission Recommendation
90/143/Euratom of 21 February 1990 on the
protection of the public against indoor
exposure to radon

WORK ACTIVITIES:
Title VII of the Basic Safety Standards
Directive 96/29/Euratom
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Recommendations of the Article 31 Group of Experts
for the Implementation of Title VII of the BSS Directive

The Scope of the
recommendations

Radon in workplaces

Industrial processes involving natural
radionuclides other than radon

Protection of air crew

Recommendations of the Article 31 Group of Experts
for the Implementation of Title VII of the BSS Directive

Radon in workplaces:
Action levels

To be defined by the National Authorities
Action level: the same value for both
intervention level and the reference level for
regulatory control

Recommendation: should be in the range
500-1000 Bq/m3
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Recommendations of the Article 31 Group of Experts
for the Implementation of Title VII of the BSS Directive

Radon in workplaces:
Applying the radiation

protection system
To be applied only if radon concentrations
can not be reduced by reasonable efforts

Exposures to be monitored and recorded as
for practices

Dose limits are applicable (20 mSv/a corresponds
to working continuously in 3000 Bq/m3)

Recommendations of the Article 31 Group of Experts
for the Implementation of Title VII of the BSS Directive

Industrial processes involving
natural radionudides

Annual dose to workers: Recommended action:

< 1 mSv/a No special precautions

> 1 mSv/a Usually normal scheme of
radiological protection

> 6 mSv/a Use of controlled areas

1 - 6 mSv/a, Less restrictive actions
and no expected increase considering case specific
in time or by accident circumstances
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Recommendations of the Article 31 Group of Experts
for the Implementation of Title VII of the BSS Directive

Protection of air crew

Dose to air crew:

< 1 mSv/a

1 - 6 mSv/a

> 6 mSv/a

1 mSv to pregnant
women

Actions:

No special precautions

Individual estimates of dose,
based on computer calculations

Record keeping, medical
surveillance, in-flight active
monitoring at altitudes > 15 km
Article 10 of the BSS applies

No reporting need be required for
practices involving the following:

(a)radioactive substances where the quantities
involved do not exceed in total ...; or

(b)radioactive substances where the concentration of
activity per unit mass do not exceed ...; or

(c)apparatus containing radioactive substances
- (i)of an approved type

- (ii) in the form of • sealed source
- (iii) dose rate exceeding 1 nSvh-l at a distance of 0,1 m
- (iv) specified conditions for disposa

(d)the operation of any electrical apparatus,
(e)the operation of any cathode ray tube operating
at a potential difference not exceeding 30 kV,
(f)material contaminated with radioactive substances
resulting from authorized releases.
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Basic Criteria for Exemption
Art. 3.2: no reporting need be

required for radioactive substances

where the quantities involved (a) or the
concentration of activity per unit mass (b)
do not exceed the exemption values set out
in column 2 and 3 of Table A

or, in exceptional circumstances in an
individual Member State, different values
authorized by the competent authorities that
nevertheless satisfy the basic general
criteria set out in Annex I

ANNEX I

• 1. Without further consideration, in compliance
with Article 3 (2) (a) or (b), if either the
quantity or the activity concentration, as
appropriate, of the relevant radionuclides does
not exceed the values in column 2 or 3 of Table
A.

• 2. The basic criteria for the exemption of
practices . . .

• 3. Exceptionally,..., even if the relevant
radionuclides deviate from the values in Table
A, provided that ...

• 4. For radionuclides not listed in Table A, ...

(5-7: summation rules)
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Basic Criteria

(a) the radiological risks to individuals
caused by the exempted practice are
sufficiently low as to be of no regulatory
concern; and

(b) the collective radiological impact of the
exempted practice is sufficiently low as to be
of no regulatory concern under the prevailing
circumstances; and

(c) the exempted practice is inherently without
radiological significance, with no appreciable
likelihood of scenarios that could lead to a
failure to meet the criteria in (a) and (b).

Basic Criteria

where appropriate without further
consideration, ... provided that the following
criteria are met in all feasible circumstances:

- (a) the effective dose expected to be
incurred by any member of the public due to
the exempted practice is of the order of 10
fiSv or less in a year; and

- (b) either the collective effective dose
committed during one year of performance of
the practice is no more than about 1 man Sv
or an assessment of the optimization of
protection shows that exemption is the
optimum option.
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Art. 3.2: no reporting need be
required for radioactive substances
- where the quantities involved (a) or the concentration

of activity per unit mass (b) do not exceed the
exemption values set out in column 2 and 3 of Table A

- or, in exceptional circumstances in an individual
Member State, different values authorized by the
competent authorities that nevertheless satisfy the basic
general criteria set out in Annex I

Art. 5.2: clearance levels established
by competent authorities

- shall follow the basic criteria used in Annex I
- shall take into account any other technical guidance

provided by the Community

Article 5
Authorization and clearance for
disposal, recycling or reuse

• 1. The disposal, recycling or reuse of
radioactive substances or materials containing
radioactive substances arising from any
practice subject to the requirement of
reporting or authorization is subject to prior
authorization.

• 2. However, the disposal, recycling or reuse of
such substances or materials may be released
from the requirements of this Directive
provided they comply with clearance levels
established by national competent authorities.
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Import of Metal Scrap
Nature of the issue

controls are required for safety reasons
- the inadvertent disposal of sources into metal scrap

batches can be cause of significant exposure to workers
and of high cleanup and disposal costs

controls could be more efficient at borders than at the
receipt stations of a furnace
steel works may have an economic interest in ensuring a
supply of uncontaminated scrap through contractual
arrangements
slightly contaminated scrap will be placed on the market as
a result of authorized dismantling operations.
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Import of Metal Scrap
Regulatory Requirements

the import of scrap is subject to exemption levels rather
than clearance levels

consignments with nothing but exempted scrap would
nevertheless readily be detected
- transport documents may need to identify the origin of

the scrap
customs controls would bejustified only on grounds of
health considerations

- information exchange between customs authorities may
help to track illicit movements
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Conclusions

the administrative requirements of the Euratom and
International BSS are different

the concepts of exclusion and exemption are used in a
similar way, but:
- exemption from reporting rather than from the

standards
- environmental radioactivity monitoring for exempted

practices or work activities (Euratom Treaty)
work activities involving natural radiation sources are
considered separately

Conclusions

clearance levels are a tool within the authorization
of waste disposal by competent authorities

the import of metal scraps is subject to
radioactivity controls for commercial reasons and
as a safety measure, but these controls should not
constrain the placing on the market of metals
arising from dismantling operations
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MANAGEMENT OF VERY LOW LEVEL WASTE
FROM NUCLEAR INSTALLATIONS IN FRANCE

ABSTRACT

In France, it is considered as a general rule that attention must be equally paid to any waste
(radioactive and non-radioactive) generated in nuclear installations. Though, it is felt that
management of each category of waste should be carried out through processes and pathways
adapted to its characteristics and toxicities (chemical and radiological). The impact on workers,
population and environment must be acceptable in any reasonable situation, social and
economical aspects being taken into account Waste producers are responsible for their waste and
consequently are responsible for minimizing, segregating, conditioning, recycling or disposing
of it properly. Waste and waste processing must be traced. The legal framework regulating waste
management in France empowers the government to ensure that the producers meet the legal
provisions, especially for toxic and radioactive waste, through waste management plans
assessment, licencing of the waste treatment facilities and inspections.

Very Low Level Waste (VLLW) management must comply with this general framework. A
system has recently been implemented by the French nuclear safety authority that rationalizes
the existing practices for VLLW produced by nuclear installations. This system has been
extensively discussed with the different government bodies, the operators and the public.

It is recognized that the radiological risk involved by VLLW exists but is low and can even be
smaller than other forms of risk (chemical, biological or physical hazard). Despite this low
radiological risk, it is considered that the precaution and optimization principles apply, and it is
the responsibility of the government to make sure that undesirable diffusion cannot occur.!

Therefore, a strategy of management through known and justified pathways has been prefered
in France over the unconditional clearance strategy developed by some other countries. The
French strategy relies on a case by case approach corresponding to the different categories of
waste or the different categories of eliminating plants. This approach is compatible with the
small number of facilities involved in the overall system.

Some pathways may eventually involve clearance from regulatory control at the level of a
treatment facility. In these cases, the waste producers have to ensure that the process leading to
clearance is fully described in specific procedures. These procedures and their use must be based
on a quality assurance system including record-keeping requirements. The derivation of the
maximum radioactivity levels acceptable in the frame of tbfese pathways involves a thorough
assessment of the impact on workers, population and environment.

Clearance, as it is understood in France, can be considered as being conditional according to
international definitions because the waste to be "cleared" has to enter a known pathway meeting
precise requirements. Thus, according to the regulations, the operators of the facilities involved
in each pathway have to consult the local office of the ministry for environment for formal
approval and also have to inform the public. Also, the Nuclear Safety Authority assesses and
approves the waste management plans in which VLLW producers propose pathways.
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AUTOftlTE
DE SURETE
NUCLEA1RE

THE ORIGINS OF THE FRENCH STRATEGY
FOR VLLW MANAGEMENT

Task force created in 1994

12 meetings in 2 1/2 years

Participants:

• ANDRA, CEA, COGEMA, EDF, FBFC
• Government bodies

(DSIN, IPSN, Environment, Health)

MANAGEMENT OF RADIOACTIVE WASTE
jl!Jl]Uimi]UM«W«WlMa>MI«MMI«M«MMaul^^

PRODUCED IN NUCLEAR INSTALLATIONS

t)bjiectives
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Full traceability

Management

producer
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TOWARDS A SAFE AND THOROUGH
MANAGEMENT OF VLLW

Responsability of the waste producers
and full traceabiHty imply

No universal clearance level

instead

A global strategy
• waste studies
• zoning of nuclear installations
• identification of suitable pathways
• strict regulatory control

05WSC X K M

# AUTC
I DESI

AUTORIIE
DE SUftETE
NUCIEAIRE

WASTE STUDIES

An overview of the present management practices
in order to achieve subsequent improvement

Inventory of

• the processes generating waste
• the different kinds of waste with their characterization
• the treatment and packaging of the waste
• the elimination procedures
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1 ZONING OF NUCLEAR INSTALLATIONS
OESUKIEI DEWItEI

Nuclear facilh
Zoning based on:

conception of facilities
operation of facilities
incidents / accidents

Principles:

evolutivity
precaution

Nuclear waste
Non nuclear waste

O5OT96 3W0UB

IDENTIFICATION OF SUITABLE PATHWAYS

Adapted to the toxicity and characterization of the waste

Assessed on the basis of impact studies

• Deep geological disposal
(under study)

> Surface disposal
- • (recycling)

Treatment
Surface disposal (under study)

— — — — — ~ •>• Recycling
Treatment
Disposal

Management driven by pathways specifications
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VLLW MANAGEMENT IN FRANCE
AN EXAMPIE : VERY low CONTAMINATEC! Oils

Conventional waste zone

Waste zoning
Conventional
incineration

I I Conventional management I I Soecific management

• OE St
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VLLW MANAGEMENT IN FRANCE

REGULATORY FRAMEWORK IN ACTION

Waste studies

Waste production

Nuclear site
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Elimination / Disposal

Controls
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A STEP BY STEP IMPLEMENTATION

Consultation of all the actors: experts,
public, elected people, medias,...

Experiments

Create the regulatory framework

CONCLUSION

05M8B XO00B

Exhaustive management of all waste
from nuclear installations.

A global approach with basic principles:
• responsability of waste producers,
• full traceability

No universal clearance levels but management
through pathways adapted to the kind
of waste.

M-W96 XtOiC
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Specialists' Meeting on Application of the Concepts of

Exclusion, Exemption and Clearance: Implications for the

Management of Radioactive Materials

Vienna, 6- 9 May 1997

PANEL SESSION 1: BASIC CONCEPTS

Presentation by P. Carboneras (Spain)

Note: These overheads were prepared to be used in a "Panel Session".

They do not constitute a formal and well structured

presentation.
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• THE ICRP SYSTEM ".... PROVIDES AN
APPROPIATE STANDARD OF PROTECTION
FOR MAN WITHOUT UNDULY LIMITING THE
BENEFICIAL PRACTICES GIVING RISE TO
RADIATION EXPOSURE"

• THE ICPR SYSTEM ESTABLISH BASIC
DISTINCTIONS BETWEEN

"PRACTICES" AND "INTERVENTIONS"

• ICRP BASICALLY SUPORTS IAEA-SS-89

• VERY LOW INDIVIDUAL DOSES ARE THE
BASIS, BUT THE EMPHASIS IN ON THE
OPTIMIZATION WHICH SHOULD INCLUDE
SOCIAL AND ECONOMICAL CONSIDERATION
ALREADY
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SPECIALIST MEETING (Vienna May, 1997)
PANNEL SESSION: BASIC CONCEPTS

IAEA AND E.U. HAVE DEVELOPED FURTHER SUCH FRAMEWORK,
BASICALLY ON THE SAME GROUNDS, BUT WITH SOME MOVEMENT
INTO THE CONSERVATIVE SIDE

- They have almost concentrated in the "automatic" region
- They have defined "derived values" of direct application for

exemption, using conservative assumptions

- Clearance is positioned, basically "below" exemption (not

formally but in practice)

IN DIFFERENT FORA, TECHNICAL WORK IS IN PROGRESS, AIMED TO
DEFINE "DERIVED VALUES" FOR THE DIRECT APPLICATION OF
CLEARANCE TO VARIOUS WASTE STREAMS. (There is some
controversy here)

IT SHOULD BE REMEMBERED THAT RESIDUAL MATERIALS FROM
CONTROLLED PRACTICES CAN BE KEPT UNDER FULL CONTROL
UNTIL THE TIME OF RELEASE (Accountability, characterization,
records, etc.) INCLUDING THE FINAL DESTINATION IF NECESSARY.

WE ARE APPLYING CLEARANCE DAILY, WHENEVER ANY
RADIOACTIVE EFFLUENT IS RELEASED FROM ANY FACILITY. WE
SHOULD BE CONSISTENT]
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• WE ARE NOT DEALING WITH PHYSICAL
CONCEPTS (e. g. what a radioactive materials is?)
BUT WITH AN ADMINISTRATIVE ONE. HOW BEST
TO ALLOCATE REGULATORY LIMITED
RESOURCES.

• WE SHOULD CLARIFY, FIRST OF ALL, WHETHER
WE ARE DEALING WITH A CONCEPTUAL
PROBLEM OR A PRACTIAL ONE

• EXEMPTION AND CLEARANCE DERIVE FROM THE
COHERENT APPLICATION OF THE EXISTING R.P.
SYSTEM. THEIR PROPER USE MAY PROBE TO BE
POSITIVE IN THE LONG TERM FOR A MORE
REASONABLE PUBLIC PERCEPTION OF THE
RADIOLOGICAL RISK
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• I DO NOT SEE A CONCEPTUAL DISTINTION
BETWEEN CLEARANCE AND AUTHORIZED
DISCHARGES . IN BOTH CASES AND FOLLOWING
RESPONSIBLE AND RIGUROUS PROCEDURES,
RADIOACTIVE MATERIALS ARE ALLOWED TO
LEAVE THE REGULATORY REGIME. AS SUCH,
CLEARANCE SHOULD NOT ( And in fact can not)
BE RESTRICTED TO SOLID MATERIALS .

• PERHA>S IS MORE PRACTICAL TO USE THE NAME
"AUTHORIZED DISCHARGES" (or releases) IF THE
CONCEPT OF CLEARANCE GENERATES
CONFUSSION OR CONTROVERSY.

(But I can perfectly live with "clearance")

• IF SOME MATERIALS CAN BE CLEARED (or
discharged), EITHER WE DO NOT CARE ABOUT
POTENTIAL MANAGEMENT ROUTES FOR TEHM
OR WE DO CARE AND CONTROL OF THOSE
ROUTES CAN BE IMPOSED. "SO, CLEARANCE,
SHOULD COVER WHATEVER POST-MANAGEMENT
ROUTE IS FORSEEN (free release, land disposal,
recycle or reuse)
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IN MY OPINION THE MOST CLEAR DISTINCTION IN
THE MANAGEMENT OF RESIDUAL MATERIALS WITH
RADIOACTIVITY CONTENT FROM AUTHORIZED
PRACTICES IS IN BETWEEN:

A) MANAGEMENT WITHIN THE REGULATORY
REGIME BY:

• Disposal (or storage)
• Recycling
• Reuse

B) MANAGEMENT OUTSIDE THE REGULATORY
REGIME BY:

• Discharge
• Disposal
• Recycling
• Reuse

IN THIS SECOND CASE RHE MANAGEMENT
ROUTE COULD BE PREDEFINED (Conditional) OR
OPEN (Unconditional)
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IN MY OPINION THERE ARE VARIOUS LEVEL OF
ABSTRACTION WHICH SHOULD BE TREATED
AND DISCUSSED SEPARATELY BUT
CONSISTENTLY IN THE PLANNED SAFETY
GUIDE:

THE BASIC DISCUSSION ON THE
EXISTANCE OF SOME RADIOLOGICAL
RISK WICH CAN BE CONSIDERED
TRIVIAL AND DISREGARDED FROM A
REGULATORY PERSPECTIVE.

THE CONCEPTUAL BASIS TO DISMINISH
THE APPLICATION OF THE REGULATORY
SYSTEM TO OURCES AND PRACTICES

1. Very low individual dose
2. Optimisation of the protection
3. Others

THE CUANTIFICATION OF SUCH
CONCEPTUAL BASIS FOR EASIER
APPLICATION

THE DERIVATION OF VALUES FOR
DIRECT USE IN PRACTICE
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THERE ARE SOME RELEVANT ISSUES WHICH COULD BE
CONSIDERED IN THE PLANNED SAFETY GUIDE TO COVER THE
WHOLE PICTURE

• THE CONCEPT OF EXCLUSION SHOULD BE FURTHER
DEVELOPEO AND CLEARY SEPARATED FOR EXEMPTION OR
CLEARANCE.

• THE EXISTING GUIDANCE TO APPLY EXEMPTION SHOULD
BE REAFFIRMED, UPDATE AND FORMER DEVELOPED FOR
PRACTICAL APPLICATION.

. THE VALIDITY OF THE CLEARANCE CONCEPT SHOULD BE
CONFIRMED AND EXTENDED IN SCOPE. MORE DETAILED
GUIDANCE FOR PRACTICAL APLICATION SHOULD BE
ADDED.

TIGHTER UNKS SHOULD BE ESTABLISHED WITH THE
CONCEPT OF AUTHORIZED DISCHARGES

CONDITIONAL AS WELL AS UNCONDITIONAL TREATMENT
OF THE EXEMPTION OF THE EXEMPTION, CLEARANCE AND
DISCHARGES SHOULD BE DISCUSSED.

• THE ROOM FOR AND THE LIMITATIONS FOR THE USE OF
DILUTION SHOULD BE CLARIFIED

THE SINGULARITIES WHEN DEAUNE WITH NATURALLY
OCURRING RADIONUCLIDES SHOULD BE RECOGNIZED

A CLEAR STATEMENT SHOULD BE MADE FOR THE
DIFFERENT APPROACHES IN BETWEEN EBASIJCJES AND
INTERVENTIONS

PERHAPS A CONSIDERATION COULD BE GIVEN, FOR
PRACTICAL REASONS, TO USE THE SAME DERIVED
VALUES FOR BOTH: EXEMPTION AND CLEARANCE
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SOME FINAL REMARKS:

IT IS PRACTICALLY CONVENIENT TO USE
INTERNATIONALLY THE SAME DERIVED VALUES FOR THE
APPLICATION OF EXEMPTION OR CLEARANCE; BUT IT IS
NOT A REQUIREMENT ON R.P. GROUNDS.

ONE POSSIBLE PRACTICAL SOLUTIONS IS TO USE
CONSISTENTLY:

• Internationally derived values without additional
consideration (unconditional)

• Other values for internal national use, as approved by
national authorities or as agreed between countries
(conditional)

CHARACTERISTICS OF THE PROPOSED SOLUTION

:=> Safe
=> Responsibility of the producers
==> Unambiguous
=> Full traceability
=> Though
=> Coherence
=> Logical

FINALLY, THE DECISION-MAKER IS FREE TO USE HIS
OWN VIEW OF BOTH, THE TECHNICAL REASONS AND
THE PUBLIC OPINION. HE IS ALSO FREE TO CLASSIFY
"RADIOACTIVE WASTE" ACCORDING TO NATIONAL
NEEDS AND TO SELECT MANAGEMENTS METHODS, FOR
THEM AS APPROPRIATED BASED ON "AD-HOC" SAFETY
ASSESSMENTS
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6-C. ADDITIONAL PAPERS NOT PRESENTED ORALLY AT THE MEETING
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Specialists Meeting on Application of the concepts of exclusion, Exemption, and Clearance,
Implications for the Management of Radioactive Materials . 6-9 May 1997 Vienna (IAEA)

Application of VLLW management Principles
to the CEA research centers

Ph. GUETAT - CEA (France)

/ - Introduction

This document describes the content of a CEA policy relating to very low level waste
management elaborated in application of the waste management principles defined in France.

I.I - Scope

The policy deals with very low level waste, subject to recyling, incineration or landfill
disposal. It does not deal with reuse.

The following principles are applicable to waste streams produced by CEA nuclear
installations either during operating or dismantling activities.

The policy deals only with very low level wastes (VLLW) ( order of magnitude :<100 Bq/g
for high energy emitters). It does not deal with low, intermediate or high level waste, which are either
recycled or incinerated in nuclear industry or disposed of in the Aube surface disposal (CSA) or kept in
intermediate storage, before geological disposal or any alternative final solution.

1.2 - Objectives

Nuclear waste management is based on 3 complementary fundamental actions :

- waste zoning of site and installations, which identifies and separates areas where nuclear or
conventional waste are produced.

- establishment of waste pathways (from the CEA site to final disposal). A waste pathway
includes all technical and administrative operations from the nuclear site to the final disposal, and the
associated quality assurance system

- establishment of internal specific procedures which specify the applicable rules for the
management of waste from the production inside the installation to the release from the site.

1.3 - Was te definitions

According to article n°l of the law n°75 633 (July 1975) dealing with waste management:

A waste is any refuse from a production, transformation or use process, any substance,
material, products or more generally any goods, subject or intended to be subject of renunciation.

A waste is "ultimate" when it is no longer possible to treat it, in the economical and technical
conditions of the moment, to reduce its harmfullness and/or gain its valuable part.

As a consequence of waste zoning :

Conventional waste is waste produced by non-nuclear installations or in the non-
contaminating areas of nuclear installations.

Nuclear waste is waste produced in the contaminating areas of nuclear installations.
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2 - Waste zoning

2.1 Waste zoning of a site

A Site is divided into two kinds of installations : nuclear and non nuclear installations.

Non-Nuclear Installations are installations where radioactive substances or particle
emissions have never been used, or installations where such operations existed, does not exist
anymore, which do not contain any radioactive substances, and that have been decommissioned or are
intended to be decommissioned.

These installations generate only conventional industrial wastes.

Nuclear installations are installations where radioactive substances or particles emissions are
used without any consideration about the level of activities or energy of particules.

2.2 - Waste zoning of a nuclear installation

Waste zoning of a nuclear installation is performed following an analytical methodology
which takes into account the installation conception, its operating rules and its history. Measurements
are performed to validate it.

Nuclear installations are partitioned into contaminating areas, which produce nuclear waste
and non-contaminating areas which only produce conventional industrial waste.

A non-contaminating area is an area which does not contain, following the above
mentionned analysis, any contaminating radioactive substance (in Bq/g or Bq/cm2).

A contaminating area is an area which contains, following the above mentionned analysis,
contaminating radioactive substances.

The "contaminating" feature of a radioactive substance present in the area depends on its
confinement (transport castle, container, envelope, dynamic confinement, sealed source, embedded
material, fixed contamination...) and on the fact that operations performed in the area may or may not
bring this substance out of the area.

The substances are contaminating when the analysis show that they can contaminate wastes
leaving the area.

To assure that the situation remains stable and to check the efficiency of decontamination
operations, measurement levels of contaminating substances (in Bq/g or Bq/cm2) will not be higher
than one tenth of the values presented in table A, column 3 of the EU Directive 96/29/Euratom
(13/05/1996), annexe n°l, and one hundredth for tritium.

To guarantee the respect of limits derived from the EU Directive, measurement protocols and
operational levels based on nature and representativity of measurements, and current knowledge, are
defined in a CEA recommendation.

An operating nuclear installation can have no contaminating area, and can produce only
conventional industrial wastes. This will be the case for installations where only sealed sources are
used.



273

Specialists Meeting on Application of the concepts of exclusion, Exemption, and Clearance,
Implications for the Management of Radioactive Materials . 6-9 May 1997 Vienna (IAEA)

2.3 - Operational and reference waste zoning.

The reference waste zoning is established considering normal operating performed in the area.

This reference waste zoning can be modified for a temporary particular maintenance or
decontamination operation (after incident for example), when the analysis shows that it may lead to a
release of radioactive materials.

The operational waste zoning includes the reference waste zoning and the list of temporary
contaminating areas.

Before dismantling a non-contaminating area containing fixed activities at a higher level than
those previously indicated, a contaminating area must be defined within the operational zoning.

2.4 - Waste zoning management

The reference zoning is established by each installation manager. It must be approved by the
site director.

The operational zoning is defined and updated by the installation manager. Rules to be applied
are defined in a site procedure, which stipulates that the Site Direction is immediately informed of any
modification.

As a consequence of the precaution principle, any area is considered to be a contaminating
area until an analysis is performed and formalized to prove the contrary.

A non-contaminating area will be reclassified, wholly or partly, as a contaminating area as
soon as one of the analysis criteria changes, and will remain so until action, to return to the reference
situation, is achieved.

The installation manager may reclassify a non-contaminating area as a contaminating area
within the operational zoning to perform intended operations or modifications. The conditions to return
to the reference situation must then be specified before operating begins.

The end of such a temporary classification is pronounced by the installation manager in the
frame of a procedure. This procedure is submitted for approval to the site director, and includes the
demonstration that criteria are met again.

Definitive modifications of the reference zoning are submitted for approval to the site director.
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3 - Wastes pathways

3.1 -Definitions
A waste pathway is a set of technical and administrative operations and control, traceability

and quality assurance dispositions leading to recycling, incineration or landfill disposal of well-
characterized wastes.

A conventional wastes pathway is a pathway for management of conventional wastes.
A nuclear waste or VLLW pathway is a pathway for management of nuclear wastes.

3.2- Requirements

A VLLW pathway requires :

- specifications of acceptance criteria for the pathway,
- a description of each technical and administrative step (decontamination, processing,

conditionning, intermediate storage, transport, controls, final disposal or use, for waste and products of
the processes).

- a definition of the possible constraints for the use of the products, in the case of recycling,
- dispositions of quality assurance at the different steps (Controls, traceability of wastes and

recycled products).
- an impact assessment taking into account:

- the final use of recycled products,
- the final disposal of ultimate wastes,
- the processing and treatments of the intermediate steps of the pathway.

When the pathway is not exclusively CEA, the contract with other involved industrial
organisations will specify :

- processing used,
- quality assurance requirements,
- conditions of control by CEA.

When the radioactivity level is low (i.e; of the order of some Bq/g for high energy emitters), a
VLLW pathway can involve installations and processing of conventional waste pathways, but all the
conditions mentioned previously are required and are part of the pathway. For this reason, a VLLW
pathway cannot be assimilated to a conventional wastes pathway.

3.3 - Management.

VLLW pathways are defined by the Waste Management Direction of CEA, when they
concern CEA as a whole, or by the Site Direction for local pathways, in agreement with the Waste
Management Direction.

They are approved, before implementation, by the Nuclear Safety-Quality Direction, which
verify that the different factories involved satisfy regulatory requirements of the authorities.

The approval process concerns the whole pathway, including all technical and organizational
aspects. The releases of wastes, in an approved pathway, are then on the site director's responsibility.
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A Simple Method For The Verification of Clearance Levels For Non-Radioactive
Solid Waste.

Brian Holland
Australian Nuclear Science and Technology Organisation. (ANSTO)
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Abstract.

ANSTO's radiopharmaceutical production laboratories generate 25 m3 of solid waste
per month. Most of this waste is not radioactive. Up until recently the
non-radioactive waste was cleared from the controlled area and stored for 10 halflives
prior to disposal as normal solid refuse.

To eliminate the storage and "double handling" of the large quantities of non-
radioactive waste a simple clearance method was devised to allow direct disposal.
This paper describes how clearance levels were determined. Here the term "clearance
level" is used as a general term for the release of material regardless of whether it was
previously subject to regulatory control. This contrasts with the IAEA definition of a
clearance level and highlights a potential problem with the implementation of
exemption levels to keep material out of regulatory control and the use of clearance
levels to allow removal of materials from regulatory control.

Several common hand held contamination monitors were tested to determine their
limits of detection and ability to meet these clearance levels. The clearance method
includes waste segregation and size limitation features to ensure the waste is
monitored in a consistent manner, compatible with the limits of detection.

The clearance levels achieved were subsequently found to be compatible with some of
the unconditional clearance levels in IAEA-TECDOC-855 and the measurement
method also meets the required features of that document.

The ANSTO non-radioactive waste clearance system has been in operation for more
than 12 months and has proved simple and effective to operate. Approximately 12m
of the solid waste is now been treated directly as normal solid refuse.

This paper describes the ANSTO clearance system, the contamination monitor tests
and details practical problems associated with the direct monitoring of solid waste,
including averaging of the activity in the package. The paper also briefly highlights
the potential problem with the use of exempted material in a contamination controlled
area and subsequent need for clearance from that area.

Introduction.

Australian Radioisotopes (ARI), radiopharmaceuticals Division, ANSTO produces
medical radioisotopes for use in Australia and overseas. The production laboratories
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are classified as supervised and controlled areas in terms of potential external
radiation and contamination levels. All material leaving these areas must be
monitored for both dose rate and contamination and a clearance certificate issued.
Radioactive waste is sent to the Waste Management Section for compacting and
storage. For many years this included solid waste monitored as being "background".
This latter waste category was stored for a period often half-lives based on the
potential radioactive contaminant, prior to disposal as normal solid refuse.

Due to the reduction of available storage space, the additional unnecessary handling
of the "non-radioactive waste" and the costs incurred for storage, attempts were made
to reduce the quantity of material going to the Waste Management Section for
treatment. The first step was to reduce the amount of non-essential material entering
the laboratories. This lead to only a relatively small reduction of the non-radioactive
waste and 25 m per month still required treatment. The second step was to devise a
simple monitoring system which would confirm waste as non-radioactive waste ie.,
below appropriate clearance levels, and allow it's disposal as normal refuse with out
further treatment. (The distinction between exemption and clearance levels is only
covered briefly in the report. Clearance levels will be used as a general term and not
the IAEA definition. However this distinction may raise a problem of interpretation
when Regulat! lory Authorities implement clearance levels.)

Determination of Appropriate Clearance Levels.

ARI is situated at the Lucas Heights Science and Technology Centre (LHSTC), an
Australian Commonwealth Government research organisation, located on Australian
Commonwealth territory within the State of New South Wales (NSW). Although not
subject to NSW State legislation, LHSTC complies with the Australian National
Health and Medical Research Council (NHMRC) Codes of Practice, and the
recommendations of the International Atomic Energy Agency (IAEA) and the
International Commission on Radiological Protection (TCRF) which are the basis of
the State regulations. A government appointed independent group of experts form a
Safety Review Committee which reviews operations at LHSTC to ensure they are
carried out to the highest safety standards.

To ensure the treatment of ARI's non-radioactive waste would meet appropriate
legislation and recommendations, the following three documents were examined.
• NSW Radiation Control Act 1990-Regulation. (Radiation Control Regulation

1993). 1993-No434.
• NHMRC Code of Practice for the Disposal of Radioactive Wastes by the User

(1985).
• IAEA International Basic Safety Standards for Protection against Ionizing

Radiation and for the Safety of Radiation Sources. Interim Edition. Safety Series
No 115-1.

The most restrictive of the "waste package limits", "prescribed activities" or
"exemption levels" from these documents were selected as clearance levels.

The NSW Environment Protection Authority (EPA). NSW Radiation Control Act
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1990-Regulation. (Radiation Control Regulation 1993). 1993-No 434, detail
"prescribed activities", below which a material would be outside regulatory control.

Package limits from the NHMRC Code of Practice for the Disposal of Radioactive
Wastes by the User (1985) were also examined. However these levels would require
the waste to be sent to a tip licensed to receive radioactive materials. The intention of
the proposed system was to confirm the waste in question was non-radioactive and
outside regulatory control. The NHMRC levels were therefore only examined as a
guide to be met if the waste could not be classified by direct measurement as
non-radioactive under other recommendations.

The proposed exemption levels in the IAEA International Basic Safety Standards for
Protection against Ionizing Radiation and for the Safety of Radiation Sources. Safety
Series No 115, were also examined as potential appropriate clearance levels. These
exemption levels were considered as appropriate clearance levels as the intention
of the system was to exclude the non-radioactive waste from regulatory control
rather than clear materials which were already under regulatory control.

Table 1 gives the EPA prescribed activities, NHMRC package limits and IAEA
exemption levels for the radioisotopes under consideration.

Table 1. EPA prescribed activities. NHMRC package limits and IAEA exemption
levels

ISOTOPE.

rdrrPhosphorus-3 2
!!rwl5 Chromium-

51
Gallium-67

Yttrium-90
Molybdenum-99
Technetium-99m

Iodine-125
Iodine-131

HThallium-201

NSW EPA
PRESCRIBED

ACTIVITY.
Bq

4E06
4E06

4E06

4E06
4E06

4E05
4E05
4E06

HBqg"
100
100

100

100
100

4E07

100
100
100

NHMRC
PACKAGE

LIMIT.
Bq

8.3 E 07
5.5 E 09

L I E 09

7.4 E 07
1.7 E 08

100

1.3 E 07
9.1 E 06
2.1 E 09

IAEA
EXEMPTION

LEVEL.
Bq

IE 05
IE 07

not quoted

IE 05
IE 06

9.1 E 09

IE 06
IE 06
IE 06

Bqg'
IE 03
IE 03

!!not
quoted
I E 03
I E 02

IE!! 07
cell 1 E

02
I E 03
I E 02
I E 02

In general the NSW EPA prescribed activity levels were similar to or more restrictive
than those in the other documents. The NSW levels were therefore used as the initial
levels to meet.
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It should be noted that subsequent to the implementation of the non-radioactive
clearance system the IAEA-TECDOC-855; Clearance levels for radionuclides in
solid materials. Applications of exemption principles. Interim report for comment.
January 1996, was also examined. Although this TECDOC covered unconditional
clearances many of the levels quoted in it were consistent with the levels which could
be achieved using the ANSTO non-radioactive waste clearance system. Table 2
details selected single value clearance level suggested in IAEA-TECDOC-855. As
the ANSTO non-radioactive waste would be treated as normal refuse and sent to a
landfill site, the disposal of this waste could be considered as conditional on it being
sent to a landfill site. The level used for the clearance of non-radioactive waste could
therefore be considered as conditional clearance levels.

Table 2 Single value clearance level suggested in IAEA-TECDOC-855.

ISOTOPE

Chromium-51
Gallium-67*

Molybdenum-99 *
Technetium-99m

Iodine-131
Thallium-201

UNCONDITIONAL CLEARANCE
LEVELS

B q g 1

90
18
15
30
9

60
The single value clearance level for each isotope was calculated as recommended in
TECDOC-855, by multiplying the low range value in table 1.6. of the TECDOC by 3.

*The low range value for these isotopes were calculated using the formula in
TECDOC-855.

Test of Monitoring Equipment to Meet Clearance Levels.
To reduce the amount of handling required prior to clearance it was intended that the
waste would be monitored in the plastic waste bags normally used in the laboratories.
A problem with testing the limit of detection of monitors for waste in a package was
to try to allow for both homogeneous and inhomogeneous contamination in the waste.
It was decided that averaging the activity over a relatively small package and carrying
out a number of measurements at different locations was acceptable and consistent
with Exemption Orders used elsewhere. (The averaging was also found later to be
consistent with the approach in IAEA-TECDOC-855.)

Five commonly used radiation monitors were examined to determine if their limits of
detection could meet the clearance levels proposed. The limit of detection was taken
to be equivalent to 2 x background count rate on the monitor ratemeter.

The beta emitters were expected to be difficult to monitor in a package, however it
was decided to examine the level of bremsstrahlung which would be generated and



279

monitored.

Most of the non-radioactive solid waste generated in the laboratories is paper or thin
walled plastic bottles. Two of the plastic bags used in the laboratory were filled to
their normal volume, one with paper and the other with plastic bottles. The mass and
diameter of each of these bags was 3kg and 50cms.

The following procedure was carried out in turn for each of the contamination
monitors and each of the radioisotopes detailed in table 1. The background count rate
in the test area was measured using the contamination monitor. A small bottle
containing the radioisotope, with an activity equal to the NSW prescribed activity
level, was placed in the centre of a waste bag containing paper. The contamination
monitor was used to measure the count rate at 4 sides and the top and bottom of each
bag. The net count rates were calculated and the average of the six readings recorded.
The average value was divided by the activity of the radioisotope used in the test
bottle to obtain a cps Bq'1 conversion factor for the monitor and that radioisotope. To
estimate the lower limit of detection (LLD) in Bq for the monitor and radioisotope,
the background count rate measured by the monitor was multiplied by 2 and then
divided by the radioisotope conversion factor. The LLD!! in Bq g"1 was calculated by
dividing the LLD in Bq by 3kg, the weight of the bag. The LLDs in Bq and Bq g"1

were then divided by the Bq and Bq g" prescribed activity levels and converted to a
percentage. This was then repeated for the waste bag containing plastic bottles. The
results of the tests are detailed in Appendix 1.

Summary of the Results of the Measurements.

The response of each monitor was obviously dependent on the type of detector and the
detector size. As the LLD (or activity equal to "2 x background") was determined by
the background count rate on the monitor, in some cases the advantage of the
sensitivity of a larger volume detector was cancelled by the increased detector
background.

The results showed that the 100 Bq g"1 value quoted in the NSW EPA prescribed
activity values was the more restrictive value to detect.

As expected the bremsstrahlung generated by the beta emitters was not sufficient to
allow the prescribed activity levels to be measured. However subsequent
measurements did show that bremsstrahlung could be used to indicate that following a
sufficient decay period the activity would be below the prescribed activity levels.
Similarly, although a bag of plastic bottles potentially contaminated with
Chromium-51 could not be released immediately as being below the prescribed
activity level, following a short decay period the estimated activity would be below
that level and the waste treated as normal refuse. An alternative to the decay in the
case of Chromium-51 would be to move the waste to be monitored in a building with
as lower background.

The selection of the monitor to be set aside solely for the clearance of non-radioactive
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waste was made by comparing the results of the monitoring and the cost and
availability of the monitor. It was also determined that waste potentially
contaminated by Iodine-125 was only a small fraction of the total and could be
segregated and sent to the Waste Management Section with out being included in this
clearance system. The ratemeter and 2.5 cm diameter 1.7cm thick Nal crystal was
selected as being a suitable monitor for use with this particular clearance system.

As additional information the LLDs in Bq g"1 for the monitor incorporating the 2.5 cm
diameter 1.7cm thick Nal crystal have been detailed in Appendix 2 for comparison
with the TECDOC-855 unconditional clearance levels. The results show that
generally the system devised can meet levels similar to the TECDOC-855 levels. The
system outlined in the paper allows measurements to be made in an area where the
background is 15 cps and the LLD (2 x background) is therefore equal to 30cps. If
measurements were made in an area where the background was 5 cps the LLD would
be equal to 10 cps and the equivalent Bq g"1 figure would be one third of the LLD
values in Appendix 2. The system would therefore easily meet the TECDOC -855
unconditional clearance levels.

Controls To Ensure Correct Monitoring Of The Waste.

A Standing Operating Procedure (SOP) was produced to control the monitoring of the
non-radioactive waste. The SOP includes the following quality control requirements
to ensure the monitoring of the waste will detect the selected radioisotopes below the
prescribed activity levels.

• To ensure the waste has not been part of regulatory control the non-radioactive
waste is kept segregated from potentially contaminated waste.

• The non-radioactive waste is segregated so that only waste from areas using those
isotopes which have been shown to be detectable at prescribed activity levels is
cleared under this method.

• Only non-radioactive waste containing paper or plastic bottles can be cleared by
this method.

• Waste bags must fit into a container used to ensure their diameter does not exceed
50cms.

• The dose rate in the area where measurements are carried out should not exceed
15cps on the monitor used for clearance.

• Each bag is monitored on 4 sides, the top and bottom. If all measurements are
below 2 x background count rate the waste is confirmed as non-radioactive and
disposed of as normal solid refuse.

• Each bag of waste is numbered and records are kept of their monitoring.

Conclusion.

The introduction of the non-radioactive clearance system in the ANSTO radioisotope
production laboratories has reduced the amount of waste being treated by Waste
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Management Section by 50% or 12.5 m3 per month.

By using suitable monitoring and control methods direct measurement on bags of
solid waste can be used for the clearance of waste containing typical photon emitting
radioisotopes used in medical facilities. A simple set of tests similar to those
described in this paper can be used to confirm the ability to monitor appropriate
clearance levels.

If it was necessary for the clearance system outlined to meet the TEDOC-855
unconditional clearance levels, this could be achieved by monitoring the solid waste
in an area with a lower background.

Discussion.

While examining appropriate levels for the clearance of radioactive waste there
appeared to be potential problems with the implementation of Exemption levels and
Clearance levels.

1. The Clearance levels "shall not be higher than the exemption levels—" Basic
Safety Standards (BSS) This obviously implies they will be equal to or less than
Exemption levels. However if the sources are below the levels in Table I-I of the
BSS they are "automatically exempt without further consideration —" This
implies they have met the limitations on dose criteria. If the pathways used in the
assessment of the exemption levels are typical of those expected to be encountered
why should a Clearance level be below an Exemption level? Should the acceptable
pathways be stated?

2. An Exemption level is used to exempt a source from Regulatory control while a
Clearance level releases a source from Regulatory control. If an exempt source is
taken into an area which is subject to regulatory control does the source now have
to meet a Clearance level (which may be lower than the Exemption level) to leave
the area? This does not seem to be reasonable. If this is not the intention it should
be specifically stated, otherwise some Regulatory Authorities might require that
approach.

Both problems would be resolved if the term clearance was used to indicate meeting
exemption levels and the definition of these Exemption is expanded to include levels
for the release of a source from Regulatory control. Exemptions could have
Unconditional levels to exempt a source from Regulatory Control, even if it had
previously been under Regulatory Control. Conditional Exemptions, with higher
levels, could be used for specific uses of sources eg, smoke detectors, or on the
disposal conditional eg, the use of a Licensed landfill site for hazardous materials.

It is suggested that the IAEA consider setting up a Working Group which would give
specific advice on methods for the monitoring waste to meet Exemption levels. This
Working Group should make recommendations on topics such as;
• the mass or volume of material the activity can be averaged over when monitoring.
• methods to confirm monitoring meets exemption levels.
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• quality control aspects to ensure the monitoring is consistent with the confirmation
tests.
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Appendix 1. Results of tests of clearance monitoring.

ISOTOPE

M

rbChromium-51

!!sdrw30
ntblj

Gallium-67

Molybdenum-99

Technetium-99m

nowidctlpar

Iodine-125

ladjustright
Thallium-201

!! brdrh

MONITOR

I

2

4
5

1

3
4
5

1
2
3
4
5

1

2

3
4
5

I
2
3
4
5

2
3
4
5

1
2
3
4
5

% OF NSW PRESCRIBED
ACTIVITY LIMIT

paper

7.3

53

17

38
41

1.5
2

2.8
1.8
3.5

1.3
6.8
2.5
1.5
2.3

0.2
I]

0.6

0.4
0.2
0.4

880
100
200
28

NDA

85
28
33
38

4.8
10
3.3
1.0
4.3

plastic

8.3

100

32

43
42

2.3
13! tell 13

4.0
2.3
4.3

1.3
9.0
3.3
1.8
4.5

0.3

NDA

0.5
0.2
0.5

NDA
140
240
43

NDA

NDA
45
45
53

6.3
15
3.5
1.5
5.3

% OF NSW PRESCRIBED
SPECIFIC ACTIVITY LIMIT

paper

100

700

230

500
550

20
170
40
20
50

20
90
30
20
30

30

80

50
20
50

HI 170
140
220
40

NDA

110
40
40
50

60
130
40
10
60

plastic

110

1370

430

570
560

30
170
50
30
60

20
120
40
20
60

40

NDA

60
30
60

NDA
180
320
60

NDA

NDA
60
60
70

80
200
50
20
70

!'.Details of Monitors:
Monitor 1: Ratemeter with a 2.5cm diameter 1.7 cm thick Nal crystal probe.
Monitor 2: Ratemeter with a 15 cmr^ area end window gm tube probe.
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Monitor 3: Ratemeter with a 5cm diameter 5 cm thick Nal crystal probe.
Monitor 4: Ratemeter with a 5cm diameter 0.1 cm thick Nal crystal probe.
Monitor 5: Ratemeter with internal 2.5cm diameter 2.5 cm thick Nal crystal
detector.
The results in bold text show the monitors which met the prescribed level.
Appendix 2. Comparison of the results for the 2.5cm diameter 1.7 cm thick Nal

crystal probe with the TECDOC-855 unconditional
clearance levels.

ISOTOPE.

UrdrsChromium
-51

Gallium-67*
Molybdenum-

99*
Technetium-99m

Iodine-131
Thallium-201

TECDOC-855

Clearance level
Bqg1

90

>!Iparl8
15

owidctlpar30
9
60

LLD

Bqg1

Paper
100

20
20

30
10
60

Plastic
110

30
20

40
10
80
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SOME GENERAL COMMENTS ON APPLICATION OF THE
CONCEPTS OF EXCLUSION, EXEMPTION AND CLEARANCE

WITH REFERENCE TO THE MANAGEMENT
OF RADIOACTIVE MATERIALS

Damir Subasic"

APO-Hazardous Waste Management Agency
Zagreb, Croatia

New International Basic Safety Standards for Protection against Ionizing Radiation and
the Safety of Radiation Sources introduced recommendations on the exclusion, exemption and
clearance of radiation sources that cannot or need not be subject to regulatory control.

A number of the IAEA Member States, and especially those in transition/newly
established are faced with some difficulties in their efforts to formulate these issues in their
national legislation. This indicates a need to define more precisely criteria, and elaborate practical
guidance for their application. An international consensus on these tasks is needed, so that
harmonisation of national regulations and relevant international instruments can be done. At
present there is a need to develop strategies for resolving prevailing issues through international
cooperation. As a result of this specialist's meeting one may expect that based on the comments,
proposals and suggestions presented at the meeting, the IAEA secretariat may elaborate a draft
proposal to clarify definitions and extend the application of the concept to practical problems of
radiation protection and waste management.

Most of problems in the application of these principles are at the national level where
regulatory policies for low-level radioactive sources are not always coherent or consistent with
respect to excluding, exempting or clearing them from regulatory control.

These problems were partly tackled and discussed in a lecture entitled "Exemption of
Waste from Regulatory Control" which I presented at the IAEA Regional Training Course on a
National System Required for the Management of Radioactive Waste from Nuclear Applications
held in Cairo, Egypt, 1-19 June 1996. A copy of the lecture is attached. The lecture includes basic
regulatory requirements for exclusion from regulatory control, exemption criteria, and exemption
levels. Also some examples on experience in the application of exemption principles were
reviewed with special attention being paid to examples of national and regional approach.



286

DEHNmONS

So far definitions of exception, exclusion, and clearance were given by the IAEA and
some other national or international bodies. It seems to us that the IAEA definitions met the
highest international consensus, and therefore they may be used as a base for any discussion of this
issue. Definitions listed below are taken from the following IAEA documents:

(a) Principles for the Exemption of Radiation Sources and Practices from Regulatory
Control, Safety Series No. 89, Vienna 1988;

(b) International Basic Safety Standards for Protection against Ionizing Radiation and for
the Safety of Radiation Sources, Safety Series No. 115-1, Vienna 1994.

Exemptions

Practices and sources within practices may be exempted from the requirements of the
Standards, including those for notification, registration or licensing, if the Regulatory Authority is
satisfied that the sources meet the exemption criteria or the exemption levels specified by the
Regulatory Authority.

The general principles for exemption are:

(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).

Based on previous general principles, the following criteria were published by the IAEA:

A practice or a source may be exempted without further consideration provided that the
following are met:

(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 of 10 fxSv or less in a year, and

(b) either the collective 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.

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.

Exemption shall not be granted for practices deemed not to be justified.
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Exclusion

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.

Examples 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 materials.

Clearance

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 criteria specified in Schedule I and shall not be higher than 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.

Removal of radioactive materials or radioactive objects within authorised practices from
any further control by the Regulatory authority.
(Radioactive discharges are governed by authorisazion rather than by clearance.)

Clearance levels are described 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 authority.

Potential exposure

Exposure that is not expected to be delivered with certainty but that may result from an
accident at a source or owing to an event or sequence of events of a probabilistic nature, including
equipment failures and operating errors.

SOME CROATIAN EXPERIENCE

In Croatia, where regulations regarding safe use of radiation sources are not yet adequately
elaborated and the Regulatory Authority is not adequately staffed, a lack of clear definitions of
exemptions, exclusions and clearance create at present some specific problems. Such situation has
raised confusion and given rise to unwarranted fears over exposure to "unregulated" radioactive
materials. Recently the Regulatory authority was faced with a local radiation safety problem
created mostly by public media. Some journalists raised the question how dangerous for the
general public is radiation originating from granite blocks which cover the main square in a big
Croatian town. Granite blocks originated from one European country and contain natural
radioactivity which was claimed by some journalists (and politicians) to be hazardous for the
general public.



288

In fact, granite is commonly used as a 5 cm thick covering blocks on streets and pavements in a
number of other European towns. It is shown that because of such covering the excess annual dose
would be about 50 \iSv. Activity concentrations of this granite are: 200 Bq/Kg for Ra-226; 400
Bq/Kg for Th-232, and 1 800 Bq/Kg for K-40, respectively. The dose constraint for construction
materials set in the country of origin of the granite requires that the effective dose due to
construction materials used in streets, playgrounds and related construction shall not be more than
100 fiSv per year. Authorities of the country of the origin reported that, although the activity
concentrations of that granite are greater than average, the estimated annual dose is less than 100
fxSv when used as a pavement covering material. Consequently their conclusion was that so far as
radioactivity is concerned, no restrictions on the use of this granite on pavement material are
needed.. Bearing in mind both low level dose rate and the origin (natural radioactivity) of radiation
it is obvious that based on either criteria - exclusion and exemption - these materials not need to be
a subject of regulatory concern. However, in the absence of adequate regulations and technically
competent Regulatory Authority in my country, confusion and inadequate reactions resulted.

There are some other problems regarding exception, exclusion and clearance of radioactive
materials which are everyday problem in Croatia. Let us just mention radioactive ash originating
from large combustion plants, and radioactivity of products, by-products and wastes originating
from phosphate and cement industries. These products cannot however be excluded from a
regulatory regime; they contain natural radioactivity indeed, but it is enhanced natural
radioactivity. Therefore they may be exempted only when the level of radiation (dose rate) is
below limits which regulations determine for mandatory licensing.

SUBREGIQNAL OVERVIEW SUMMARY

Problems illustrated for the case are believed to be similar in a number of other Member
States from the same sub-region. Even in some of these countries regulations regarding radiation
sources exist, it is believed that they are in most cases neither complete nor up-dated on the ground
of the new international Basic Safety Standards for Protection against Ionizing Radiation and for
the Safety of Radiation Sources. This group of countries is faced with similar and urgent
regulatory problems which need to be resolved to open the door for the establishment of an
effective national regulatory system. To facilitate this process international harmonisation of
definitions and recommended procedures will play a crucial role.
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