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PROBLEMS IN COMPLYING WITH REGULATIONS RELATED TO LOW
ACTIVITY MATERIALS: NUCLEAR FUEL CYCLE ISSUES
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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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