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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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