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ABSTRACT

The author establishes that radiation exposure is one of the health hazards
of uranium mining and therefore has to be controlled. The jurisdictional
framework for this is outlined and the role and functions of the Atomic Energy
Control Board are detailed. The author then sets down seven objectives for
radiation protection followed by an outline of the Canadian regulatory
philosophy including an examination of two possible approaches to regulation
of uranium mining and milling, and a sketch of pending new regulations.
After setting down what he considers the main concerns of the AECB in mine
regulation, the author details the Board's licensing process, compliance1

activities and relationship with workers. The conclusion includes a call
for a more rational approach in considering and therefore dealing with radia-
tion as a workplace hazard.

RESUME^

I L'auteur veut montrer que la radioexposition constitue l'un des risques pour la
same des travailleurs dans les mines d'uranium et qu'elle doit done etre

I
controlee. A cette fin, il en definit brievement le cadre juridictionnel,
puis detaille le role et les responsabilites de la Commission de controle de
l'energie atomique. Suivent sept objectifs de radioprotection et un apercu des
principes de reglementation en vigueur au Canada, comprenant un exaraen de deux

I approches possibles a la reglementation des mines et des usines de concentration
d1uranium et un sommaire des nouveaux reglements qui devraient etre adoptes
prochainement. Apres avoir defini les principales preoccupations de la CCEA,

I a ses yeux, en ce qui a trait a la reglemsntation des mines, il definit la
procedure de la Commission en matiere de delivrance de permis, d'activites
liees a la conformite et de communications avec les travailleurs. II conclut
en demandant qu'on approche plus rationnellement le probleme des rayonnements

I comme risque au travail, lorsqu'on y prete attention et qu'il faut y faire face.

I
I



RADIATION PROTECTION AS PART OF OCCUPATIONAL HEALTH AND SAFETY
IN THE REGULATION OF URANIUM MINES IN CANADA

A. INTRODUCTION

Anyone familiar with the problems of hardrock mining will agree that the
majority of the serious dangers present in mining are quite visible and
obvious. Having unsecured, unsealed back overhead gives a very good chance
of ending up under a caved-in mass of rock. Staying too close to a blast
results almost in a certainty of being hit by a flying rock. Too little
oxygen in the air will very quickly lead to loss of consciousness and death.
One walks only so often over deep, unsecured openings before he falls into
them.

It is because of this clear visibility of the conventional health and safety
hazards that mining regulations in almost all jurisdictions world-wide are a
more or less comprehensive collection of "shalls" and "must nots" of good
common sense. When basic rules of safe working practices are at stake,
there is little room for dialogue and compromise. The mine inspector then
observes, during his inspection, how well the mine follows these common sense
rules.

B. RADIATION AS A HIDDEN DANGER

Exposure to radiation involves risk - a potential for harm rather than an
automatic cause of it. Two individuals receiving identical radiation exposures
will almost certainly be affected differently, if at all. This is certainly
true of the exposures and doses one might encounter in the mines today.

Very often we hear the phrase: "there is very little known about the effects
of radiation". This is one of the most misused and misunderstood half-true
statements in common use. I would doubt that there is any other carcinogenic
phenomenon whose effects have been studied as extensively as the health effects
of radiation. Consequently, the statement is only correct regarding the
knowledge of the quantitative assessment of the risk of low level radiation
exposures. The reason for this uncertainty is that the magnitude of the health
effect is very close to that of natural radiation, cosmic radiation and other
carcinogens such as industrial pollution, hydrocarbons from cars and chemicals
we have grown accustomed to using. As far as lung cancer is concerned, the
wide use of tobacco is probably of more significance than exposure to any other
single substance.

All this being said, the bottom line is still unchanged. Radiation exposure,
in most cases mainly radon daughter exposure, is one of the health hazards of
uranium mining and as such has to be controlled to the best of our ability.
Various jurisdictions have adopted different approaches to the control of
radiation exposures of uranium mine-mill workers. The following sections of
this presentation will attempt to explain the regulatory approach taken in
Canada.

C. JURISDICTION

The Parliament of Canada decided in 1946 to control and regulate the development
and use of atomic energy, and passed the "Atomic Energy Control Act".
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The Atomic Energy Control Board (AECB or the Board), created under the
authority of the Atonic Energy Control Act, is empowered to make regulations
for:

(1) developing, controlling, supervising and licensing the production,
application and use of atomic energy;

(2) controlling the mining, processing and development of prescribed
substances;

(3) regulating the production, import, export, transportation, refining,
ownership, use or sale of prescribed substances;

(4) effective participation of Canada in measures of international
control of atomic energy.

The Atomic Energy Control Board reports to Parliament through a Minister
designated by the Governor in Council, currently the Minister of Energy,
Mines and Resources. The Board consists of five members, one being
appointed as President and Chief Executive Officer of the Board. It has a
staff of approximately 230 scientific, technical and administrative support
personnel.

Under the Board's regulations any person or organization wishing to mine,
refine, process or use prescribed substances, import or export such
substances, or construct and operate a nuclear facility is, unless
exempted by the Board, required to obtain a licence from the Board.

Since mining in general has traditionally been under provincial jurisdiction,
in the period 1946-1975 the Board licences concentrated mainly on the security
aspects of uranium mining. The health and safety aspects were left to the
provinces,' which had the necessary expertise and resources for enforcement
of health and safety regulations. The hearings of the Ontario Royal Commission
on the Health and Safety of Workers in Mines (Ham Commission) and others
concluded that this arrangement was not totally satisfactory for proper
protection of health and safety, and consequently the Board decided to assume
a more direct role in the regulation of uranium mines.

Uranium mining and milling is to a certain extent unique within the nuclear
industry. The rest of the nuclear industry has grown in parallel with the
regulatory process and regulatory agency (AECB). Mining on the other hand
is a centuries-old, somewhat conservative industry.

D. REGULATORY OBJECTIVES

The objectives for radiation protection have been developed over the years
and can be summarized as follows:

(1) all unnecessary radiation exposures are to be avoided;

(2) national standards for radiation exposure should not be exceeded
under operating conditions, and should be based on:

a) medical evidence;
b) epidemiological studies;
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c) in the absence of a threshold value in the dose-response
relationship, lower objectives based on the best available
technology;

(3) all radiation exposures of individuals and the population are to be
kept as low as reasonably achievable, social and economic factors being
taken into account;

(4) the principle of action levels as a practical tool to achieve
exposures as low as reasonably achievable in operating nuclear facilities
should be given strong emphasis;

(5) the objective of maximum self-regulation of the facilities should
be promoted to increase responsibility of the management;

(6) every new practice should be viewed as part of the total occupational
hazard in optimizing radiation protection; and

(7) every new practice should be technically justified and should result
in lowering the radiation exposures.

E. THE CANADIAN REGULATORY PHILOSOPHY

As indicated earlier, the health effects of low level radiation are not yet
defined quantitatively, and no proven threshold of radiation exposure exists.
The Board's regulatory system is based on the basic assumption that there is
no absolutely safe limit of radiation exposure below which there are no health
effects. Theoretically we should therefore strive to reach zero exposure.
It is obvious that this objective cannot be reached in real life. Accordingly,
the objective of the regulatory process has to be to achieve radiation
exposures of the workers that are as low as reasonably achievable, social
and economic factors taken into account. This is the internationally
accepted ALARA principle put forward by the International Commission on
Radiological Protection (ICRP). To avoid any misunderstanding, it is worth
emphasizing that the ALARA principle is applied to achieve exposures below
the regulatory limits, i.e. those which oust not be exceeded in normal
operation of any nuclear facility including uranium mines and mills.

The present regulatory limits for radiation exposures of atomic radiation
workers are based on the recommendations of the ICRP and they are almost
universally accepted. They should ensure that the risk from radiation
exposure is not greater than the risk associated with working in a compara-
tively safe industry.

Basically, there could be two extreme approaches to the regulation of uranium
mining and milling.

One extreme approach is to develop very extensive and detailed regulations
and requirements covering all aspects of radiation protection. This is a
somewhat autocratic approach to the regulatory process and it has two very
serious shortcomings. First, if detailed requirements are set in regulations,
because of the great variations of actual conditions at various mine-mill
facilities, they have to be a compromise between the desirable requirements
and those which could be net by practically all facilities.
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As well, this approach takes away from the management of the facilities the
initiative to strive for improved conditions. Requirements are spelled out
as clear, understandable targets and the only worry of management is to
comply with these targets. One of the basic duties of management is to
manage the operations in the most effective way with the maximum health and
safety of the workers i-,. mind, and simply meeting targets detracts from
initiative.

On the other end of the spectrum is an approach where regulations outline
only the basic objectives of radiation protection. Reliance is placed on
the management of the facilities to develop their radiation procedures
in consultation with the regulatory agency. The objective is to have the
best radiation protection of workers which the actual conditions of the
mine-mill facility allow. If this process is properly implemented, the
resulting level of radiation protection will in most cases be better than
could be achieved through adherence to generally applicable, detailed
regulatory requirements.

The present regulatory regime of the Board is based on the second approach -
a minimum of rigidly set regulatory requirements. The regulations state
only the basic objectives:

a) the obligation to acquire a licence
b) some administrative and reporting requirements
c) exposure limits.

The regulations are supported by a set of regulatory guides. While
adherence to these guides is not mandatory, they indicate to a prospective
operator what would, in the judgement of the Board and its staff, constitute
compliance with the basic objectives of the regulations. The proponent always
has the option of utilizing different approaches, provided he can demonstrate
that his proposed approach will achieve at least equal or better results
than the procedures outlined in the regulatory guide.

Unfortunately this regulatory approach has some drawbacks. It is difficult
to take strict regulatory action against those who are not willing to "play
by the voluntary rules of the game". The Board has recognized this and a
decision has been reached that a somewhat more detailed and legally more
formalized approach is necessary.

New regulations for uranium mine-mill facilities are now being drafted.
Besides the more detailed itemizing of licensing and administrative require-
ments, two very important areas, in the judgement of the Board staff, will
be covered:

a) ventilation, and
b) worker and supervisor education.

Sins against proper ventilation requirements are among the most frequent
violations observed by inspectors. These are serious types of offences at
any mine but are even more so at a mine with radon daughters present. Good
ventilation is of course the main control tool of radon daughter exposures.

The new regulations will specify minimum air quality and quantity requirements
in the workplace as well as some of the basic rules for design and operation
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of the ventilation system. They will also provide a regulatory basis for
the requirement of and compliance with measures necessary to implement the
ALARA principle.

The experience of Board inspectors points to the lack of knowledge and
appreciation of the problems of radiation protection as a prevalent cause
of infringements observed on the compliance inspections. More formalized
requirements for employee training programs at the workers' level as well
as at the supervisory level will be given. The Board will require all
workers and supervisors to complete a training program and repeat it at
predetermined intervals. The content of these training programs will be
subject to Board approval.

F. MAIN CONCERNS

The main concern of the Board was to establish a limit for exposure of
workers to radon daughters. An interim limit of 4 WLM (Working Level
Months) was set in 1976 and was later reflected in the amended regulations
in 1978. Significant efforts have been expended to bring radon daughter
exposures in line with the new limits. In 1976 there were approximately
50 workers overexposed but by 1978, there was only one worker out of about
4,000 whose reported exposure slightly exceeded the 4 WLM limit. There
was no overexposure in 1979, one in 1980 and two in 1981.

Emphasis is now being concentrated on the development of a reliable personal
dosimeter for monitoring individual radon daughter exposure. The Board was
extensively involved in actual mine testing of various models. Two are going
to be used in Canadian uranium mines. As a result of a Board directive, a
program of limited scale personal radon daughter dosimetry involving approxi-
mately 10% of the workers of uranium mine-mill facilities is now being
implemented.

The next concern (based on the potential health effect) the Board has
concentrated on is the gamma exposure of uranium mine-mill workers. A
program of full scale personal gamma dosimetry administered by the Radiation
Protection Bureau (RPB) of the Department of National Health and Welfare is
in full operation in accordance with AECB requirements.

Another important accomplishment has been the inclusion of radon daughter and
gamma exposures of uranium mine workers in the National Dose Registry. The
registry has provisions for input of other exposure information. The records
will therefore provide an excellent source of data for future epidemiological
studies.

An important step in the development of regulatory standards and guides is
to establish exposure limits for thoron daughters, radioactive ore dust
(long-lived radionuclides), and respirable silica dust. The standardization
of methods used for measuring the concentration of radionuclides in the
workplace is also an acute necessity. Currently used methods of monitoring
vary significantly from facility to facility. The AECB is developing a series
of guides describing standard methods for monitoring the concentration of
radionuclides.
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G. LICENSING PROCESS

The present regulatory process is a cooperative one with AECB carrying the
leading role and coordinating the joint process with other federal and
provincial regulatory agencies which have a mandate in occupational health
and safety, and environmental.protection.

The staged licensing process which has developed as the best suited to
achieve the objective of maximum protection of health and safety is as
follows:

(1) Ore Removal Permit is required if removal of uranium or thorium in
excess of 10 kg in a concentration exceeding 0.05% grade in one calendar
year is involved.

(2) Underground Exploration Permit is required when significant excavation
work (surface or underground) is contemplated, and if there is a likeli-
hood of radiation exposure of workers and/or environmental impact.
Before this permit is issued, the following requirements have to be
fulfilled:

a) a safety report must be submitted and approved;
b) an environmental impact overview of the planned work must
be completed, reviewed and approved.

(3) Site and Construction (Development) Approval is issued after a
detailed environmental impact statement has been submitted and reviewed
and a public information process on the proposed project has been
completed. The conceptual design of the facility is approved at this
stage. The detailed design is approved through a continuous review
process as it becomes available during construction.

(4) Mining Facility Operating Licence is issued usually for a year after
a detailed safety report is submitted and approved. The time limitation
of the licence provides for thorough performance assessment when the
application for renewal of the licence is considered.

(5) Shut-down (decommissioning) Approval - none has been xssued yet as
no facility has been shut down since implementation of the staged
licensing process in 1976.

The staged licensing process provides assurance that the facility, when
developed, will conform to the present regulatory requirements, since these
are incorporated at an early design stage.

The AECB considers the health and safety of workers and members of the public
to be of primary concern in the assessment of any proposed mining practice.

Before issuing a licence the Board requires sufficient information to show
how acceptable health and safety standards will be met and maintained, and
that any wastes will be stored or disposed of in a satisfactory manner. In
order to exercise its regulatory role, the Board must define standards that
have to be met, assess potential licensees' capabilities to meet these
standards and assure their maintenance, and, once a licence is issued,
carry out compliance inspections tr ensure that its requirements are

I



- 7 -

continually met. It is recognized that detailed scrutiny of the licensee's
ventilation plans by the Board's project officers and its inspectors is
necessary in order to achieve a steady improvement of the working environment
and a lowering of exposures to radon daughters and other radiation exposures.
The review of licensees' ventilation plans as well as their coordination and
production schedules is one of the more important activities of the Board
staff.

The Board is pursuing measures to reduce radiation exposures in mining as
far below the regulatory limits as reasonably achievable, social and economic
factors taken into consideration (the ALARA principle). Full implementation
of good, sound industrial practice by the mining companies is necessary as
part of this effort.

Social considerations have resulted and will result in requirements and
standards which cannot be otherwise justified, at least not on the basis of
cost-benefit analysis. These requirements are then a result of the social
and moral concerns of today's society.

One of the important tools in implementing the ALARA principle is a strict
application of a "Code of Practice". This code has a set of action levels
(concentrations or dose rate) specifically set for the individual facility
based on actual facility-specific conditions. Each action level triggers
a specific corrective action. The higher the action level, the more expensive
the corrective action required. The code is developed by the licensee,
reviewed by the Board staff and its inspectors and modified if necessary.
When the code is approved by the Board, it becomes a condition of the facility
licence.

The basic principle of a "Code of Practice" will be included in the new
regulations for uranium and thorium mines.

H. COMPLIANCE

In an effort to avoid duplication of activities and to use available human and
material resources most effectively, the AECB has made informal arrangements
with other federal and provincial regulatory agencies to utilize their
expertise. Compliance with the regulations and licence conditions is monitored
mainly by inspectors appointed from the staff of provincial agencies, with the
Board staff exercising a senior auditing function and doing less frequent
in-depth inspections.

The main function of an inspector is to ensure compliance with the general
and specific regulations and requirements of the Board, leading to the
maximum possible protection of health, safety and the environment from harm
resulting from the operation of uranium mine-mill facilities.

The powers of an inspector are outlined in Section 12 of the Atomic Energy
Control Regulations. When any breach of these regulations or of a condition
of a licence occurs, the inspector can direct the licensee to take such action
as he deems necessary to remedy the breach. Such action may include closure
of the work area where the breach has occurred; closure should be in effect
until remedial measures are implemented by the licensee to the inspector's
satisfaction.
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The severity of the measures in the inspector's directive will depend on the
seriousness of the breach and its potential effect on health and safety.
The objective is to assure compliance with the regulations and licence
conditions as soon as possible.

I. AECB AND THE WORKER

The Board believes that the workers whose health and safety are directly
affected by the conditions of the workplace have the right to know of the
situation. This can best be achieved if they are involved in a meaningful
way in the regulatory process.

An effective practice of regular dialogue with the unions representing the
workers has been established. The union representatives are given an
opportunity to comment on drafts of licensing guides, proposed regulations
and even actual licences. Their comments and suggestions are reflected in
the finalized documents if possible.

It is very important to realize that this is not the only role the unions
should be playing in the whole process. Their contribution in educating
the worker to use safe work practices is of paramount importance. The
Board staff has extended every possible assistance to the unions by providing
speakers, when requested, for their seminars on subjects related to
radiological health and safety.

Joint union, management and regulatory agency discussions have proved to be
beneficial. They have been initiated by the AECB in Elliot Lake, resulting
in a marked improvement in union-management relations in dealing with health
and safety problems. Similar discussions are being initiated at other uranium
mine-mill facilities.

J. AECIS AND THE PUBLIC

There is increasing public concern about nuclear energy and its regulation,
reflected in demands for more information on the licensing process and the
safety performance of nuclear facilities. In 1980 the Board announced a
policy on public access to licensing information.

K. CONCLUSION

The AECB has no interest in the promotion or the development of nuclear
energy. The primary objective of the AECB is to ensure that any nuclear
facility meets the regulatory requirements.

With regard to new facilities, the AECB is now involved from the early
planning stages through the development of the mine-mill facility. As a
result of this involvement, new facilities are designed and developed to a
much higher standard of both conventional and radiation health and safety
than previously.

It is important to recognize that radiation exposure is not the most signifi-
cant cause of injury to the worker in the uranium mines. The emotional public
attitudes to radiation may result in overemphasizing the radiation aspects
of occupational health and safety to the detriment of efforts to improve
conventional health and safety conditions in the mines.
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Significant material and human resources are expended for radiation protection,
yet radiation is only part (and not the most significant) of the cause of
injury to mine-mill workers.

Better education and a more open consultation between government, management,
unions and the public will hopefully take the emotion out of the "radiation
issue" and encourage a more rational attitude.

When a rational attitude prevails in the approach to the health risks of
mining, a more effective saving of miners' lives will be achieved by the
proper channelling of material and human resources to solve the problems
which cause the most danger to workers' health and safety.

In closing, I would like to quote the words of Mr. Kenneth Valentine of the
United Steelworkers of America. A few years ago he said:

"One dead miner is one too many."

The Atomic Energy Control Board fully supports this as the philosophy behind
its regulatory objectives. And it is true whether the miner dies as a
consequence of radiation exposure induced disease or as a result of an
accident in the workplace.

In our continuous regulatory effort, we cannot think of a better goal to
strive for.


