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Abstract

South African mines have become subject to a rigid and prescriptive system of nuclear regulation that has its
roots in the past when South Africa embarked upon a period of nuclear development spanning the full nuclear
fuel cycle, and in which the South African gold mining industry once played a major part in the supply of
uranium as a low grade by-product. Radiation hazards in the mines are generally very moderate, even in the few
gold mines associated with uranium by-product, and do not warrant the type of regulatory attention normally
applied to nuclear installations, or even to uranium mines. The continued imposition of strict nuclear regulatory
requirements has caused severe financial hardship and threatens the survival of certain mining operations, while
seemingly having little or no health benefit to workers or the public. With the development of modern,
comprehensive mine health and safety legislation, a more appropriate, effective, and far less costly vehicle for
controlling radiation hazards in mines now exists, utilizing the resources of the Mine Health and Safety
Inspectorate. This approach is now being proposed, in the drafting of new legislation, as constituting a better
alternative to the nuclear regulation of mines.

1. BACKGROUND

The history of uranium production in South Africa dates back to 1944, when the mining
industry undertook to assist in investigating the low-grade uranium mineralization found in
association with gold in the Witwatersrand mines, as part of efforts to acquire uranium for the
Manhattan Project. Early samples were of a much higher uranium content than the average ore
mined, but even then they were of a grade that was regarded as uneconomic by the uranium
producers at the time, leading to a period of intense investigations into extraction techniques.
Leaching experiments were started in 1946, followed by the commissioning of the first pilot
plant on a gold mine in 1949.

Since the opening of the first production plant at the West Rand Consolidated gold mine in
1952, about 180 000 t of U3O8 has been produced as a by-product of gold. The average U3O8
grade from a particular conglomerate formation on a gold mine varies from 0.001% to
0.078%, while the overall distribution of mine average grades is as shown in Figure 1. The
average U3O8 grade for all goldfields in the Witwatersrand Basin is 0.013%, and the current
average recovery grade is 0.0184% [1].
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FIG. 1. U3O8 grades on South African gold mines.
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Uranium has also been produced as a by-product of copper since 1971 at an average U3O8
grade of only 0.004%, and from a primary uranium mine that was operated for a short period
in the early 1980s, but these operations account for only about 3% of total uranium
production.

Figure 2 shows how South African U3O8 production has varied since its inception, in relation
to the world market price. A peak production of 7295 t, representing 16% of world
production, was reached in 1980 when there were 18 uranium plants in operation, putting
South Africa among the top three producers.
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FIG. 2. South African uranium production [1].

Thereafter, with the fall in price, production declined steeply and all but 4 uranium plants
were closed down. Present annual production, at less than 20001, represents only 4% of world
production, hi 1980, 34% of all gold reef mined was treated to extract uranium. Today that
figure is below 10%.

2. DEVELOPMENT OF THE NUCLEAR INDUSTRY IN SOUTH AFRICA

The huge growth in uranium production prior to 1980 went hand-in-hand with a general
growth of the nuclear industry in South Africa, hi 1965, South Africa's first research reactor
was commissioned, and in 1967, when the first signs emerged of an ordinary commercial
demand for uranium as distinct from a strategic demand, the mining industry established its
own uranium sales organization. Also during the 1960s, intensive research was carried out
into a new process for uranium enrichment, although it was not until 1987 that semi-
commercial production started, hi 1984, the first nuclear-generated electricity was produced,
with the commissioning of the Koeberg nuclear power station, and in 1986 a low- and
intermediate-level radioactive waste disposal facility at Vaalputs received its first
consignment.

These developments contributed to the establishment of a sophisticated and comprehensive
nuclear industry in South Africa, of which the mining industry, as a major supplier of uranium
at the time, was regarded as a key component.
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3. DEVELOPMENT OF THE NUCLEAR REGULATORY SYSTEM IN SOUTH
AFRICA

hi 1948, following the repeal of two War Measures that had placed controls over activities
involving uranium in the hands of the Prime Minister and a few highly placed government,
scientific and mining officials, all nuclear matters became the responsibility of the Atomic
Energy Board (AEB), which was established in terms of the Atomic Energy Act of 1948. hi
1963, the construction of a research reactor prompted the promulgation of the Nuclear
Installations (Licensing and Security) Act, in terms of which the AEB became responsible for
regulating nuclear safety, hi 1969, the AEB established a licensing branch in anticipation of
South Africa's first nuclear power station.

hi 1982, the Nuclear Installations (Licensing and Security) Act and the Atomic Energy Act
were consolidated into the Nuclear Energy Act of 1982, simultaneously creating the Atomic
Energy Corporation (AEC) (formerly the AEB) and the Council for Nuclear Safety (CNS).
However, operational aspects of nuclear regulation remained with the licensing branch of the
AEC until 1988, when all aspects of nuclear safety regulation were placed with the CNS,
which now had the power to operate independently and employ its own staff. Bearing in mind
the political isolation of South Africa at the time, it was not surprising that the 1982 Nuclear
Energy Act continued to display the characteristics of earlier legislation, which were
formulated around the strategic aspects of uranium and the need for secrecy in the interest of
national security.

Although South Africa's political situation has since changed dramatically, nuclear regulation
under the present Nuclear Energy Act of 1993 is still to a great extent based on the original
provisions contained in the 1982 Act, thus perpetuating the style of nuclear regulation that
was characteristic of a past chapter of South Africa's history in which the exploitation of
uranium-bearing ore was regarded as an integral part of a nuclear iindustry spanning the full
nuclear fuel cycle. It is not surprising, therefore, that the mining industry has become, in the
minds of many, synonymous with the nuclear industry and has found itself included in the
system of nuclear regulation established for nuclear installations. This situation persists,
despite the fact that the exploitation of uranium ore has in the meantime dwindled to minimal
levels and now represents an almost insignificant contribution to mining industry revenue
(0.7% of gold sales, 0.3% of total mineral sales). Moreover, with the closure of all enrichment
operations and the availability of enriched uranium from elsewhere., the little uranium that is
still produced plays no part in the South African nuclear industry.

4. APPLICATION OF NUCLEAR REGULATION TO MINES

Soon after the establishment of the CNS as a fully independent nuclear regulator in 1988,
attention was turned to the regulation of radiation hazards associated with mines exploiting
uranium as a by-product, although workers in uranium plants had hitherto always been
subjected to routine urine monitoring.

It was the stated intention of the South African government at this time that control over
radiation hazards in mines should be exercised ultimately under mining law, rather than under
the 1982 Nuclear Energy Act. However, because the mining legislation, and possibly also
environmental legislation, needed to be amended, it was decided as an interim measure that
the mining activities concerned would have to be licensed by the CNS in terms of the 1982
Nuclear Energy Act. Once the licences had been issued, the plan was for control to be
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exercised jointly by the CNS, who would determine standards and the provisions necessary to
meet those standards, and the Government Mining Engineer who would, by appropriate
inspection programmes, ensure compliance with the requirements.

What transpired, however, was rather different. Nuclear regulatory control over mines became
the sole responsibility of the CNS, and has remained so ever since. Mines that produced, or
had previously produced, uranium as a by-product were from 1990 onwards required to apply
for nuclear licences. This process was soon extended to all gold mines, regardless of whether
they had produced uranium, and eventually to other mines as well. To date, 44 nuclear
licences have been issued to mines - 38 of them to gold mines - of which only 4 relate to
mines that still produce uranium as a by-product.

Regulations in force under the 1993 Nuclear Energy Act define the scope of nuclear
regulatory control as follows:

(1) The provisions of the Act apply to radioactive material in which the activity concentration
of any radionuclide is 0.2 Bq/g or more.

(2) The CNS may, at its discretion, allow human activities involving such radioactive material
to be carried out without a nuclear licence, but only if one of the following two criteria are
met:

(a) the activity concentration of the material and the total activity involved over one
year must be less than 100 Bq/g and 10 000 Bq respectively, or

(b) the radiation dose that persons may accumulate must be less than 1 mSv
(presumed to be over a period of one year).

On the basis of these criteria, the Nuclear Energy Act applies to a wide variety of mining and
ore processing operations. In terms of phasing-in regulations, nuclear licensing has already
been implemented on gold, mineral sands and phosphate operations. From April 1999, the
scope of implementation could well be extended to other types of mines. Exemption on the
basis of activity will not be possible because the value of 10 000 Bq will always be exceeded
over a year of operation. Exemption on the basis of dose may be possible in open pit mines,
but may be difficult to obtain in the case of underground mines because of doses due to radon
progeny. Assuming an equilibrium factor of 0.4, occupational exposure to radon progeny will
exceed the prescribed value of 1 mSv per year if the radon concentration exceeds 160 Bq/m .
This is a very moderate concentration that is found in a large number of homes, and could
easily be exceeded in underground workplaces even where the levels of uranium
mineralization are not elevated. The IAEA reference level of 1000 Bq/m [2], below which
radon is not included in occupational exposure, is not recognized in South African nuclear
regulation.

5. NUCLEAR REGULATORY REQUIREMENTS ON MINES

The Nuclear Energy Act imposes inter alia the following requirements on mines which fall
within its scope, and for which exemption from licensing cannot be obtained:

• An authorization must be obtained from the CNS, and such authorization can only take the
form of a nuclear licence.
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• Nuclear licence fees are payable to the CNS, and the amounts of such fees are determined
bytheCNS.

• A nuclear licence is subject to any conditions deemed necessary or desirable by the CNS
for the purpose of safeguarding persons from nuclear damage.

• Mines are subject to the special regime of strict liability and compulsory security normally
applied to nuclear installations. It should be noted that this is in direct contradiction with
practice adopted in other countries, as quoted by the OECD/NEA [3]:

"The special liability regime for nuclear activities outlined above applies
only to "nuclear installations" in which highly dangerous processes are
carried on

In the case of other uses of nuclear materials, such as radioisotopes used in
medicine and industry, the risk is much lower and can be easily
accommodated within the regular civil liability system. Similarly, uranium
mining and milling is not covered by the special regime, as there is no
danger of "criticality" or a sudden accident and the level of radioactivity
is fairly low."

• Mines are subject to similar requirements as those imposed on nuclear installations in
respect of duties in case of nuclear accidents.

6. CONDITIONS OF MTNE NUCLEAR LICENCES

Site-specific nuclear licence conditions imposed on South African non-uranium mines are
similar in nature to those for uranium mines in developed countries. Aside from whether it is
even necessary or appropriate to apply the system of nuclear licensiing, the specific details of
the licence conditions imposed are of concern with respect to their practicality, their
effectiveness in relation to the cost implications, and their consistency with current IAEA
standards. These concerns can be grouped into the following two broad areas.

6.1. Problems with the prescriptive approach

The licence conditions tend to be prescriptive in nature, leaving little to the discretion of the
operator. Examples include conditions relating to waste management programmes,
environmental surveillance, effluent control, training programmes, medical surveillance,
reporting procedures, analytical methods, monitoring procedures, instrumentation, and quality
management. Almost everything has to be formally approved by the regulator, leading to a
costly and time-consuming process and representing an unjustified and unwelcome
involvement of the regulator in the operator's management functions. Instances have arisen
where the rigid enforcement of detailed procedures has resulted in risks being increased rather
than reduced. This approach has discouraged rather than encouraged the development of the
necessary safety culture on mines, and has tied up huge resources on the mines and within the
regulatory system, all of which have to paid for by the operator.

6.2. Problems with numerical limits

Various numerical limits imposed through mine nuclear licence conditions are of concern
because they are out of date, inconsistent with each other and with international practice,
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and/or selected on a highly conservative rather than realistic basis. In some cases, this has led
to compliance problems that threaten the continued survival of mines (see Section 9 below).

6.2.1. Occupational dose limit

The occupational dose limit imposed is 50 mSv/a which is, of course, no longer the limit
recommended internationally. The derived limits for inhalation of radon progeny and dust are
based not only on this old dose limit, but also on dose conversion factors that have been
superseded. Using current IAEA dose conversion factors [2] and assuming, for dust
inhalation, a lung solubility class S and an Activity Median Aerodynamic Diameter (AMAD)
of 5 jam, the Alls imposed through mine nuclear licences correspond to a wide variety of
effective doses, none of which are in accordance with the internationally accepted 5-year
average annual dose limit of 20 mSv [2], as shown in Table I.

TABLE I. OCCUPATIONAL LIMITS IMPOSED THROUGH MINE NUCLEAR LICENCES

Type of exposure

External gamma

Inhaled radon progeny

Inhaled U ore dust, decay chain in
equilibrium

Inhaled U concentrate

ALI imposed

—

17mJhm"3

1700 Bq

1500 Bq

Current IAEA dose
conversion factor

—

1.4 mSv per mJ h m'3

0.0055 mSv/Bq

0.0062 mSv/Bq

Corresponding
effective dose
50mSv

23mSv

9mSv

9mSv

6.2.2. Public dose limit

The limit on effective dose for the critical group of members of the public, arising from
operations at, or effluent discharges from, the mine is 0.25 mSv/a. This value was derived by
the regulatory authority by designating the maximum acceptable risk to an individual as being
5 x 10"6 per year and assuming a risk factor of 2 x 10"2 per Sv which, of course, is quite
different from the approach adopted by the ICRP [4]. The critical group may also receive
doses from other mines in the vicinity, but experience has shown that such doses are likely to
be very small in comparison. Thus, the public dose limit of 0.25 mSv/a imposed through mine
nuclear licences, notwithstanding its applicability being limited to doses from a single
practice, is far more restrictive than the internationally accepted value of 1 mSv/a [2].

6.2.3. Surface contamination limits for release of materials and equipment

Materials and equipment are released from mines for reuse, recycling or repair. The limits
imposed on surface contamination of materials and equipment released unconditionally from
mines are:

0.04 Bq/cm2 for alpha emitters,
0.4 Bq/cm2 for beta emitters, am
0.5 jj,Sv/h for gamma radiation.

Firstly, measurements of alpha radiation from the surfaces of typical materials and equipment
released from mines are likely to be meaningless because the irregular geometry prevents the
full surface of the detector from being positioned sufficiently close to the contaminated

78



surface, and adequate counting times for assessing compliance with such a low activity level
are too long to be practicable.

Secondly, the values for alpha and beta radiation appear to be the most conservative of those
adopted anywhere in the world. Maximum surface contamination values quoted for seven
OECD countries, obtained from a cursory scan of available literature, ranged from 0.05 to 20
Bq/cm2 (alpha), and from 4 to 10 Bq/cm2 (beta).

These unconditional release levels cannot practicably be complied with when it comes to the
recycling of scrap steel and the repair of equipment at external repair facilities. Mine licence
conditions require that materials and equipment contaminated above unconditional release
limits may only be released to facilities that are themselves subject to nuclear licensing and
that, even then, contaminated items associated with certain metallurgical processes are
prohibited altogether from leaving the mine.

6.2.4. Activity limit on radioactive waste disposal

Waste rock and tailings account for all but one ten thousandth of a percent of the radioactive
waste generated annually on South African gold mines. The remainder consists mainly of
plant residues that are removed during maintenance, typically in the form of sludges, scales,
and contaminated steel, rubber, plastics and refractory material that cannot be recycled. Some
of the scales have an activity concentration of up to 3 orders of magnitude greater than those
of the tailings, but because the quantities are so small, the total activity is negligible in
comparison. It is normal international practice to dispose of such material in the tailings
whereupon it can no longer pose any significant hazard over and above that posed already by
the tailings [5], but licence conditions on South African mines prohibit such a practice if the
activity of the material exceeds 1000 Bq/g, even if it is diluted and dispersed in the tailings.
No other approved disposal route exists, so the material exceeding 1000 Bq/g has to be stored
indefinitely on the mine, resulting in additional costs being incurred to control the ongoing
potential hazard, even after mining operations have ceased.

7. RADIATION HAZARDS ASSOCIATED WITH SOUTH AFRICAN GOLD MINES

7.1. Occupational exposures

An extensive survey of underground occupational exposures in South African gold mines was
conducted in 1993/4, when exposures to radon progeny inhalation, external gamma radiation,
and ore dust inhalation were measured on 21 underground gold mines [6]. At the time, those
21 mines employed 152 000 underground workers, representing 60% of the total underground
workforce in the gold mining industry. Since then, additional measurements have been made,
as required in terms of nuclear licence conditions, but the dose calculations have not yet been
verified in terms of the dose conversion factors used (see Section 6.2.1 above). Indications are
that exposures have not generally decreased since 1993/'A.

On the basis of the 1993/4 results, the average annual effective dose; to underground workers
was calculated to be 2.55 mSv, made up as follows:
=> average effective dose from radon progeny inhalation: 1,80 mSv,
=> average effective dose from external gamma radiation: 0.64 mSv, and
=> average effective dose from ore dust inhalation: 0.11 mSv.
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It was estimated that 0.7% of the workplace locations covered by the survey were associated
with exposures that, if sustained by the same worker for 2000 h, would give rise to a dose
exceeding the internationally-accepted 5-year annual average dose limit of 20 mSv [2]. This
issue is discussed further in Section 9 below.

Exposure to radon progeny is clearly the predominant contributor to total effective dose,
although the concentrations are for the most part low. Figure 3 shows the distribution of radon
gas concentrations, estimated from the radon progeny measurements assuming an equilibrium
factor of 0.4. It can be seen that 87% of the sampling locations show radon concentrations
below 1000 Bqm"3, the IAEA action level for remedial action relating to chronic exposure to
radon in workplaces [2].
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FIG. 3. Underground radon concentrations.

7.2. Public exposures

Although all potentially significant exposure pathways to the public have been considered,
only three sources of exposure have been identified as warranting more detailed investigation.
These are radon exhaled from mine tailings, waste rock piles and upcast shafts; radioactive
contamination of surface and ground water; and the release of potentially contaminated
materials and equipment from mines.

7.2.1. Radon from tailings, waste rock piles and upcast shafts

Over the past few months, radon concentrations in one of the largest gold mining regions have
been modelled using the US EPA ISC3 dispersion model. The region contains 28 tailings
dams, 20 waste rock dumps and 22 upcast shafts, and has four significant population centres,
some portions of which are within a kilometre or two of some of these radon sources. The
average uranium grade in this area is 0.020%, which is considerably above the industry
average of 0.013%. Indeed, this region is the source of 87% of South Africa's current uranium
production.

A weather station situated almost centrally within the region provided weather data over a full
year at 5 minute intervals. For the purpose of the modelling exercise, conservative default
values for radon source terms were used. For tailings dams, an exhalation of 1 Bq m"2 s"1 was
chosen, whereas measurements mostly ranged from 10% to 40% of this value.

Incremental doses to members of the public living in the region were calculated from the
estimated incremental indoor radon concentrations, assuming an occupancy of 7000 h/a and
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an equilibrium factor of 0.4. Because South African homes are well ventilated, an air
exchange of 1 h"1 was assumed, from which it can be established that the indoor and outdoor
incremental radon concentrations will be almost identical [7]. On this basis, a 1 Bq/m3

increase in the concentration of outdoor radon will give rise to an additional dose of 17 uSv/a.

The results are shown in Table H The population-weighted mean incremental radon
concentration was about 2 Bq/m"3, giving a mean incremental dose of 34 uSv/a. The
maximum incremental radon concentration was just over 7 Bq/m", giving a maximum
incremental dose of about 120 uSv/a.

TABLE II. INCREMENTAL RADON CONCENTRATIONS AND EFFECTIVE DOSES
RECEIVED BY MEMBERS OF THE PUBLIC

Large town
Small town 1
Small town 2
Mine residential area

Incremental
Bqm'3

Minimum
0.7
2.2
1.7
3.5

radon concentrations,

Maximum
2.4
7.2
3.0
4.6

Incremental
|u.Sv/a
Minimum
12
37
29
59

effective doses,

Maximum
41
122
51
78

As a check on the modelling results, a portion of the same mining region was modelled with
the ISC3 dispersion model, with the radon sources limited to 7 tailings dams, and then
modelled by an independent consultant using the IMPACT™ software developed in Canada.
The results, shown in Figure 4, are in quite good agreement.

0.5 1.5

Incremental radon concentration predicted by ISC3 trodel,
Bq/m3

FIG. 4. Comparison of incremental radon concentrations determined independently using
different modelling software.

To further confirm that incremental radon exposures to the public from gold mining facilities
are very low, thirty homes in the same mining region were monitored for radon. The average
concentration measured was 49±16 Bq/m'3. The national seasonally averaged indoor radon
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concentration, measured in 1991, is 50 Bq/m"3 [8], indicating that there is no significant
elevation of radon concentrations in homes in the mining region concerned.

7.2.2. Ingestion of contaminated water

Water samples were collected at 41 strategically selected locations (surface and ground water)
throughout a major gold mining region over a period of a year, initially on a weekly basis and
later at monthly intervals. The samples were analysed for all radionuclides having significant
dose conversion factors and the annual ingestion doses were calculated assuming,
conservatively, that the water formed the sole source of drinking water for humans. Figure 5
shows that the resulting ingestion doses were mostly less than 100 p,Sv/a.

7.2.3. Release of potentially contaminated materials and equipment

For unconditional release, the highly restrictive release levels specified in Section 6.2.3 above
ensure that doses received by members of the public are well within the range of triviality.
Under arrangements for conditional release, the mining industry dispatches annually 60 000 t
of scrap steel for recycling by melting at a nuclear licensed facility, where it is mixed at
random with 240 000 t of uncontaminated steel from other sources, hi order to convince the
regulatory authority that this would not give rise to unacceptable radiation exposures:

• surface contamination measurements on a huge number of scrap steel items were made,
from which a representative lognormal distribution was derived;

0.2 0.3 0.4
Dose, mSv per year

0.5 0.6

FIG. 5. Effective dose from the ingestion of water contaminated by gold mining activities,
assuming continuous use for drinking purposes.

• a full scale melting experiment at the facility was carried out using 35 t of mine scrap,
specially selected for the highest activity levels, to determine the partitioning of several key
radionuclides in the melting process and to establish dust activity concentrations at all
workstations;

• a detailed occupational dose assessment was carried out for all groups of workers involved
in the recycling process; and
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• a detailed public dose assessment was carried out for all groups of individuals exposed to
the steel produced from the recycling process.

The results of this investigation revealed the following:

(a) the maximum dose to any worker was 4 uSv per year, and

(b) the maximum dose to any member of the public exposed to the steel produced was
between 1 uSv and 4 p,Sv per year.

In the case of repairs to potentially contaminated equipment, a detailed study of several
representative repair facilities was carried out, with respect to gamma radiation, radon and
airborne radioactive dust. Levels of radiation were found to be indistinguishable from natural
background.

8. ECONOMIC IMPACTS OF NUCLEAR REGULATION OF MINES

The costs of compliance with nuclear licence conditions on mines are not easy to determine,
because they tend to be spread across a variety of cost centres. As mines gained experience in
fulfilling regulatory requirements, attempts were made to estimate in advance what the costs
were likely to be. The results of these estimations (expressed as total mining industry costs in
South African Rand) were as follows:

• Once-off costs (totalling R124 000 000):
0 Initial hazard assessment and establishing radiation protection R85 000 000

infrastructure
0 Equipment decontamination facilities R25 000 000
0 Special changehouse facilities R14 000 000

• Annual costs (totalling R45 000 000):

° Licence fees R11000 000
0 Additional staffing and instrumentation R34 000 000

Assuming that the once-off costs are spread over six years, these estimates would give a total
annual cost to the 44 nuclear licensees in the mining industry of R66 million (about US$10
million). The average annual cost per licensee would therefore be R1.5 million (about
US$240 000).

Recently, data on actual costs incurred were obtained for 12 mining operations. The average
cost per operation, shown on a year-by-year basis in Figure 6, has climbed to just under R2
million per year, a figure that is in good agreement with the earlier estimate of R 1.5 million.
Staff and consultants accounted for the largest portion of the total (more than half).

Not included in the above costs are the hidden costs associated with the repair of equipment
and recycling of materials off the mine. Because such materials are potentially radioactively
contaminated, the system of nuclear regulation is extended to off-mine repair and recycling
facilities, even though the radiation doses received by workers and the public have been
shown to be insignificant (see Section 7.2.3 above).
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2 000 000

FIG. 6. Average annual cost per mine of compliance with nuclear regulatory requirements,
based on actual expenditures for 12 operations.

The costs of nuclear regulation of these facilities is eventually borne by the mines through
higher repair costs and, to a lesser extent, lower prices paid for scrap metal. Estimates put the
annual figure at R22 million, or an average of R500 000 per mine.

To appreciate the impact of these costs, the current financial situation of the mining industry,
particularly the gold mining industry, needs to be considered. Since 1980, when the gold price
was at its peak, the gap between working revenue and working costs has narrowed
dramatically, as shown in Figure 7. As profits plunged with the fall in gold price, a point was
reached in 1986 where the industry started to shed jobs in order for mines to remain in
operation (Figure 8). Since 1986, some 200 000 jobs have been lost, and the trend continues.
Under these circumstances, where there is no control over the world market price of the
product, strict cost control becomes paramount for survival. Although health and safety cannot
be compromised, mines are forced to ensure that health and safety expenditure is as effective
as possible. There are serious concerns that much of the current expenditure on compliance
with nuclear regulation is not providing real health benefits, and that such expenditure could
be more beneficially used to help ameliorate the significant non-radiological hazards
associated with deep level gold mining.

160

Working revenue

Working costs

Year

FIG. 7. Working revenue and costs on South African gold mines [1].
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F/G. 5. The fall in profits and resulting job losses on South African gold mines flj.

Some gold mines are already in a loss situation, or are so close to making a loss that they are
unable to make sufficient capital investment to ensure their continuing survival. Some of these
mines have already been forced to withhold nuclear licence fees or to withdraw their financial
security, and thus run the risk of prosecution under the Nuclear Energy Act. For such mines,
the point is being reached where the cost of nuclear regulation represents a real threat to jobs.
With unemployment in South Africa approaching 40%, workers losing their jobs on the mines
have almost no hope of ever finding employment again.

9. PROBLEMS WITH DOSE LIMIT COMPLIANCE

Although radon concentrations are generally low, a small number of workplaces are
associated with exposures that, if sustained by the same worker for 2000 h, would give rise to
a dose exceeding the internationally-accepted 5-year annual average dose limit of 20 mSv [2].
One particular section of a gold mine has become a contentious issue in this regard, due to the
following combination of factors:

(a) the section is more than 40 years old, and was not designed in accordance with present-
day ventilation standards;

(b) the section has 50 km2 of worked out areas which are difficult to seal off effectively;

(c) there is entry of methane into the workings which, if the area were sealed off, would
build up to dangerous levels; and

(d) the gold reef is very wide, but is only payable in its centre portion; unpayable reef
therefore has to be left behind in the hangingwall and footwall, representing an
additional source of radon in the back areas due to residual uranium mineralization.

Several radon monitoring programmes, including personal dosimetry programmes, have been
carried out since 1993, in conjunction with a series of attempts to reduce radon concentrations
(with limited success). Figure 9 shows the results of the largest of these personal dosimetry
programmes, in which about 600 track etch radon progeny dosimeters were deployed. The
average annual effective dose, projected from the one-month deployment period, was about 16
mSv, with a maximum value of 56 mSv.

With the natural mobility of workers, it would seem unlikely that, in terms of IAEA dose
limitation standards [2], the single-year limit of 50 mSv would be exceeded, and it is
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questionable whether any worker would receive a dose of more than 100 mSv in 5 years. In
any case the section will be mined out in 2 years, at which time new ore reserves will have
been accessed elsewhere, allowing the workers to be transferred.

However, in terms of South African dose limitation standards, the situation is deemed by the
regulatory authority to be already in violation of licence conditions and, unless major
reductions in radon concentrations can be achieved, it is understood that the section will
ordered to close, putting 1200 workers out of work.
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FIG. 9. Annual doses projected from the one-month deployment of personal
dosimeters in an underground mine section with high radon concentrations.

10. THE WAY FORWARD

It is now nearly ten years since the decision was taken to bring radiation hazards in South
African mines under a formal system of regulatory control. In the meantime, new improved
legislation has been introduced - the Mine Health and Safety Act of 1996 - that is dedicated to
the control of all health and safety hazards in mines. This Act contains all the necessary
provisions to protect the health and safety of mineworkers and members of the public against
radiation hazards, in accordance with IAEA and ILO requirements, such as: identification of
hazards; assessment and minimization of risks; establishment of mandatory codes of practice;
participation of employees through health and safety committees on mines; appointment of
qualified staff; training; monitoring of health and safety conditions; medical surveillance;
record keeping; supply of adequate health and safety equipment; enforcement of health and
safety measures; investigations and inquiries to improve health and safety; and promotion of a
culture of health and safety, and of co-operation and consultation between the State,
employers, employees and their representatives.

Moreover, because the Mine Health and Safety Inspectorate, established in terms of the 1996
Mine Health and Safety Act, already possesses most of the necessary enforcement
infrastructure, the necessity for a separate and additional infrastructure within the CNS - and
the huge cost to mines that this entails - becomes highly questionable.

11. CONCLUSIONS

Even if there once had been valid arguments for including some South African mines in the
system of nuclear regulation, such arguments were in any case founded on events in a past
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chapter of South Africa's history, and have no relevance today. The exploitation of uranium as
a by-product on South African mines has dwindled to minimal levels and no longer has any
real connection with the nuclear industry; yet the system of nuclear regulation of mines,
paradoxically, has been expanded to the point where 44 nuclear licences have now been
issued to mines, only 4 of which relate to mines that still produce uranium as a by-product.

It has been argued by some that the very strict regime of nuclear regulatory control is required
on mines because of the possibility of workers and members of the public receiving
unacceptably high radiation doses. Extensive monitoring and dose assessment exercises have
failed to provide any support for this argument, as indicated by the following findings:

(a) Because of the very low levels of uranium mineralization, the radiological hazards to
underground workers on South African gold mines are limited mostly to the inhalation
of radon progeny. Measurements indicate that little more than 1 in 10 underground
workplaces exhibit radon concentrations exceeding the IAEA action level of 1000
Bq/m3 for remedial action relating to chronic exposure to radon. Although the
possibilities exist of a worker exceeding IAEA dose limits, such possibilities appear to
be limited to less than 1% of underground workplaces, and to the unlikely situation of a
worker being deployed, by chance, at the point of maximum radon concentration
continuously for more than 2 years.

(b) Radiological hazards to the public may arise through the inhalation of radon from
tailings, waste rock and upcast shafts, or possibly through the ingestion by informal
communities of untreated water contaminated by gold mining activities. However, these
exposure pathways generally give rise to annual doses of less than 100 uSv/a, or one
tenth of the public dose limit, and thus border on what would be regarded internationally
as trivial.

(c) Radiation doses arising from the release from mines of potentially radioactively
contaminated materials equipment for recycling or repair have been shown to be
insignificant.

Despite these findings, the system of nuclear regulation has continued to be applied to South
African mines in a rigid and prescriptive manner, using interpretations of IAEA standards that
lack consistency, and that are at best highly conservative and! at worst contradictory.
Furthermore, special measures associated with the possibility of accidents with catastrophic
consequences, such as the imposition of a strict regime of liability for nuclear damage and the
associated requirement of compulsory security, have been applied to mines even though such
measures are intended only for nuclear installations.

The impact of nuclear regulation on South African mines, particularly as a result of the
desperate financial situation faced by many gold mines, has been out of all proportion to any
health benefit that might have been derived. Indeed, there is no evidence to suggest that any
real reductions in doses have been achieved, radioactive waste management problems have
been created rather than solved, and the prescriptive approach to regulation has discouraged
rather than encouraged the development of the necessary radiation safety culture on mines.

In straight financial terms, the average cost to a licensed mine has climbed to nearly R2
million per year, with some mines now risking prosecution because they cannot meet their
regulatory obligations without their survival becoming threatened. The jobs of 1200 workers
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on one mine section are in jeopardy because the section is deemed to be in violation of dose
limitation requirements on the basis of spot measurements and the one-month deployment of
personal dosimeters, rather than on 5 year average doses as recommended by the IAEA.

South African nuclear legislation, and the nuclear regulatory system that it supports, is in need
of revision not least to enable it to reflect modern democratic principles of accountability,
transparency and public participation - there is no longer any need for the legislation to be
framed around secrecy requirements and the strategic uses of uranium. In proceeding with
such revision, the opportunity should be taken to ensure that the application of nuclear
regulation, and in particular the system of nuclear licensing, is limited to those areas for which
it is appropriate. Recent developments in mine health and safety legislation now provide a
much more appropriate and effective vehicle for the regulation of radiation hazards in South
African mines, and have dispelled any remaining arguments for retaining the old system of
nuclear regulation of mines.

It is gratifying to note that new nuclear legislation drafted recently by the government reflects
this approach, and it is to be hoped that this will soon find its way into the statute books.
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