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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.
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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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