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1 ABSTRACT

I As indicated by the title, this presentation is divided into two main sections.
In the first, the author explores the issues of radiation and tailings
disposal, and then examines the Canadian nuclear regulatory process from the

I
point of view of jurisdiction, objectives, philosophy and mechanics. The
compliance inspection program is outlined, and the author discussed the,
relationships between the AECB and other regulatory agencies, the public
and uranium mine-mill workers. The section concludes with an examination of

I the stance of the medical profession on nuclear issues. In part two, the
radiological hazards for uranium miners are examined: radon daughters,
gamma radiation, thoron daughters and uranium dust. The author touches on

I new regulations being drafted, the assessment of past exposures in mine
atmospheres, and the regulatory approach at the surface exploration stage.
The presentation concludes with the author's brief observations on the findings
of other uranium mining inquiries and on future requirements in the industry's

I interests.

I RE*SUME*

Comme l'indique le titre, ce document se compose de deux parties principales.
I Dans la premiere partie, l'auteur discute des rayonnements et 'Je 1'evacuation
1 des dechets miniers, puis examine la reglementation nucleaire canadienne du

point de vue des jurisdictions, des objectifs, des principes et des mecanismes.
II decrit brievemeht le programme d'inspections de conform!te et traite des
rapports entre la CCEA et les autres organismes de reglementation, le public

1 et les travailleurs des mines et des usines de concentration d'uranium. II
conclut en examinant la position des medecins sur le nucleaire. Dans la

I deuxi&me partie, il etudie les risques dus aux rayonnements pour les
j travailleurs dans les mines d*uranium, et notamment les produits de filiation

du radon, les rayonnements gamma, les produits de filiation du thoron et la
poussi&re d1uranium. L'auteur aborde ensuite le sujet dts nouveaux reglements
actuellement 3 l'itat d'ebauche, 1'evaluation des expositions anterieures
dans le milieu minier et l'approche au stade de l'exploration en surface du
point de vue regletnentaire. II termine en apportant quelques breves

J observations sur les conclusions de certaines enquetes sur 1*extraction
[- miniere de 1'uranium et sur certaines exigences futures dans l'interet de

1'Industrie.
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AND

; RADIATION HEALTH AND SAFETY IN

URANIUM MINE-MILL FACILITIES

A. THE CANADIAN REGULATORY PROCESS

1. Introduction

' The people of Nova Scotia are soon going to be making a decision on whether
or not to allow uranium mining to proceed in the province. What that decision

!
will be is of course anyone's guess at this point, but there is one considera-
tion that is very important. Every professional with integrity has to care
that when the people of Nova Scotia are making their decision, they are given

I all the facts. Decisions should be made with a full knowledge of all aspects
of the proposed activity and not on biased emotional considerations. This
requires all professionals involved - engineers, physicians, environmental
and social scientists - to present the facts in the most objective way possible.

I
I

I
I
I
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The nuclear industry has for many years been the centre of controversy among
politicians, interest groups and scientists. The public first learned about
atomic energy in the shadow of the mushroom clouds of Hiroshima and Nagasaki.
Although a nuclear reactor physically cannot become an atomic bomb, this fear
in people is sometimes very skillfully exploited.

We believe that the decision of the Nova Scotia government to hold this inquiry
was a fortunate one. This inquiry provides the means to hold an extensive
discussion of all views, beliefs and concerns that the people of Nova Scotia
may have on the issue.

Experience in Saskatchewan and British Columbia has shown that this kind of
inquiry is the best forum to arrive at an objective assessment of all issues
as complicated and emotional as the "nuclear" issue is in this country.

The Atomic Energy Control Board (AECB) is pleased to participate in this
process by making three presentations to this inquiry and will endeavour to
provide any further direct participation and advice you may deem necessary
during the course of the inquiry.

2. The Issues

There are a variety of issues connected to any debate on the nuclear industry
in general and uranium mining and milling in particular. These issues can be
characterized as technical, social and political. All of them are either
real or perceived. Above all, they are very emotional.

The main concerns regarding the front end of the nuclear industry, e.g.
uranium mining and milling are:

a) radiation
b) tailings disposal.

Let us examine thei;e two issues:
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2.1 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
almost certainly will be affected differently, if at all. This is certainly
true of 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. There is probably no other carcinogenic phenomenon
whose effects have been studied as extensively as radiation. The statement
is therefore correct only with respect to 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 of low-level radiation
is very close to that of natural radiation, cosmic radiation and other car-
cinogens 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 more significant than exposure to any other
single substance.

Unfortunately, among uranium and some hardrock mine workers a significant
increase in the health effects attributable to radiation has been observed in
the form of fatal lung cancer. Although the effects of radiation have been
known since the turn of the century, it is obvious that this knowledge was
not utilized in the early days of uranium mining to implement proper protection
measures.

In the case of mine workers, the most serious radiation health effect is
caused by exposure to radon daughters - radioactive decay particles within
the uranium decay chain.

Extensive studies of uranium miners in Canada, the U.S.A. and Czechoslovakia,
fluorspar 'miners in St. Lawrence, Newfoundland, and iron ore miners in Sweden
clearly demonstrated the increase of lung cancer incidence as a result of
exposure of these miners to radon daughters in the workplace. Unfortunately,
the knowledge of the actual exposures of those miners is minimal. Various
estimations of the exposures were attempted, but it could be safely said that
those exposures were generally underestimated. It is also safe to assume
that the concentrations of radon daughters in those mines were such that
exposures equivalent to the present annual liiait could have resulted from
working from a few hours to 3-4 days. However, even with those high
exposures, if one looks at the statistics of the cause of injuries and deaths
among miners, the health effects of radiation represent only a minor portion
of total injuries and death.

The Royal Commission on the Health and Safety of Workers in Mines - the "Ham
Commission" - studied the mortality of miners in Ontario. The Commission
did confirm an excess incidence of lung cancer among Ontario uranium miners,
but at the same time it concluded that:

"To place the current excess cancer deaths in proper perspective it is neces-
sary to examine the actual and expected deaths under major causes...
Several distinctive features of the mortality experience of uranium miners
in Ontario now emerge. The overall net excess of 62 deaths derived from a
gross excess of 188 deaths from violent causes and a major deficiency of 126
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deaths from natural causes within which lung cancer is in excess. The
large excess of deaths from violent causes derives mainly from those other
than motor vehicles accidents and suicides. The remaining deaths from violent
causes arise largely from accidents in the mines or in other industrial
employment... Here it should be noted that the related excess of 173 violent
industrial deaths is almost five times the excess due to lung cancer. "(1)

| (pages 80, 81)

(
As is all hardrock mining, uranium mining is a risky occupation. However, it
is still a less hazardous occupation than coal mining and fishing, occupations
well known to the people of Nova Scotia. Let us examine why mining is a
comparatively high risk occupation.

I While most of man's industrial activities are undertaken in an engineered
environment, where the protection of health and safety can be built into the

I design to the extent of available material resources, mining is an activity
where this is not always true. Many aspects of health and safety protection
can be built in by proper design and development of the mine. But the most

I crucial element - Nature - cannot be totally subjugated by engineering means.
In a well-designed and managed mine we have learned, and are certainly
learning, to anticipate and minimize the adverse demonstrations of Nature's
forces, but it is a rather passive-reactive process of engineered health and

I safety protection.

However, every feasible effort is and should be extended to minimize radia-

I tion exposure of miners. Radiation exposure, in most cases mainly radon
daughter exposure, has to be controlled to the best of our ability so that it
will not add significantly to the risks already found in uranium mining.

I Numerous things scare us, often with no logical basis. The fear of the
• unknown is one of the basic foibles of human nature. It is difficult to

convince man of the existence of anything that he cannot see, hear, feel,

I smell or taste; in other words, if his senses do not detect it, he tends to
believe it could not exist. If theoretical existence has to be assumed to
explain the occurrence of a physical form, the rationale has to be based on
faith, or prior scientific evidence. Radiation is exactly this type of

i phenomenon, and in the majority of human beings it causes instinctive fear.
Human response then often becomes emotional rather than rational.

\ As stated earlier the AECB's aim is to minimize the radiation exposure to the
maximum extent feasible, regardless of how small the effect may be. But a
rational approach is necessary to keep all risks of energy production and

':" indeed every human activity in perspective when judging the acceptability of
a risk from an activity by society. And society has to manage its resources
to obtain the maximum possible benefit.

; The basic definition of energy is the ability to perform work. This "work"
: might be for the benefit of mankind if controlled, or to its detriment if

controls fail. It is obvious that man needs energy to sustain himself. It
i is also obvious that controls are not always perfect and they have a chance
- of failing. Therefore, every method of energy production has some inherent

risk and health effect. The failure of the Morvi dam in India in 1979 caused
r the death of 3,000 people. If the Mactaquac dam in New Brunswick fails, the
!. city of Fredericton will disappear. In the U.S.A. there are five hydro dams,

the failure of any of which could kill around 500,000 people.
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Energy generated from burning solid fossil fuel is obtained at the price of
30,000 coal miners who died in the last 80 years in mining accidents in
Pennsylvania. The people of Nova Scotia have their own experience such as
the Springhill tragedy, just to mention one. A 1,000 megawatt coal-fired
generating plant releases daily into the atmosphere about 230 tons of sulphur
dioxide (the basis of acid rain), 48 tons of nitrogen oxides, 15 tons of fly
ash (which usually contains radium and is radioactive), 30 tons of mercury,
cadmium and silenium, and about 3 tons of carbon dioxide per ton of coal
burned (contributing to the so-called greenhouse effect). The Council of
Scientific Affairs of the American Medical Association has estimated that
the entire fuel cycle of a coal-fired plant of 1,000 megawatt capacity kills
between 20 and 300 people a year, and disables between 100 and 300 others.
The AMA estimates that a similar oil-fired plant kills between 200 and 300
and disables between 90 and 180 people a year.(2) Yet the public generally
accepts these risks, or else we would be sitting here in the dark.

This is not to suggest that nuclear power is risk-free. Uranium miners do
die both as a result of accidents and as a result of radiation-induced health
effects. According to the American Medical Association, occupational
radiation exposures contribute to an average increase of cancer of less than
1% over the natural incidence. To be sure, the basic principle in the
Canadian regulatory process is that no risk of raaiation (however small) is
acceptable if it is reasonably avoidable. The philosophical objective of the
AECB is zero risk. However, it has to be recognized that in practice this is
not achievable. How close we can get to this objective is the measure of the
social, technical, economic and institutional state of the country.

To illustrate the different public perceptions of the risk of nuclear power,
let us look at a survey by Decision Research in the U.S.A. Members of three
groups of the public (League of Women Voters, college students, and business
and professional club members) were asked to rank 30 sources of risk (among
others: smoking, alcohol, motor vehicle, handguns, electrical power, swimming,
commercial aviation, construction, home appliances, police work, contracep-
tives, and nuclear power.) The first two groups (women and students) rated
nuclear power risk as the highest, the third group as 8th highest.(2)

According to figures on the annual contribution to the number of deaths in
the U.S.A., determined by actuarial estimates, nuclear power risk actually
ranks 20th below swimming, railroads, construction, home appliances and
contraceptives, to list a few.

It is therefore obvious that the process of deciding about the acceptability
of radiation hazards will depend on the public and politicians understanding
the issues as well as on better information provided by the industry, science
and government.

2.2 Tailings disposal

Concern for the effects of radiation from uranium mill tailings on the health
of the: public is a very strong and emotional issue.

When uranium mining began in Canada, the tailings resulting from the milling
operations were "disposed" of in the manner commonly used in the rest of the
mining industry. The nearest natural depression, in many cases a lake, was
utilized for this purpose. If man-made retention structures were necessary
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to complete the system, the separated, course fraction of the tailings was
used to construct the dams.

Tailings, whether from uranium or any other mining operations, contain
elements which will gradually migrate from the deposited tailings into the
surrounding environment. Serious environmental damage could and has resulted.
This damage is mostly caused by heavy metals, sulphuric acid generated from
the sulphides contained in the tailings, and from ammonia, cyanide and other
chemicals, often highly toxic, added to the milling process in order to
recover the extracted substance.

As a result of some unfortunate experiences and society's increased awareness,
the regulatory requirements for tailings management generally and uranium
tailings specifically have changed very drastically.

The present requirements of the AECB for tailings management are the most
stringent in the country, regardless of the type of mine. Adherence to them

I provides a good base on which to implement measures upon cessation of opera-

T

tions to meet the required standards for the post-operational phase. It is
believed that with the implementation of additional measures currently being
investigated, uranium tailings will meet the criteria of "disposal" in the
long term. The term "disposal" means a "walk-away" situation where the
facility is so constructed that the environment is protected from unacceptable
releases of contaminants without the need for constant surveillance or correc-
tive human intervention. In reality, the totally "walk-away" situation may
not be achieved, and some limitation of land-use of the tailings area may have
to be maintained.

The use of new technology coupled with appropriate site selection, quality
construction and good operating procedures, can ensure that the impact on
health, safety and on the environment will be acceptably low over the period
of operation. Further, the methods of retention should be compatible with
close-out procedures - namely, chemical and physical stabilization of the
tailings and the retention structures - which will ensure that any releases
to the environment and radiological exposures of man will continue to be
acceptable.

Some concern exists that man-made retention structures (dams) could be
susceptible to failures following an extended period of neglect. To minimize
the occurrence of these failures, present requirements aim to make the tailings
management facilities less reliant on care and surveillance.

In the long term, natural erosion forces, whether resulting in a gradual or
sudden transfer of materials, will almost certainly lead to eventual integra-
tion of the wastes with the environment. The resulting impact is impossible
to predict with certainty but one should not jump to the conclusion that the
impact will be catastrophic or even of substantial concern. Innovative methods
of tailings placement with good dan design and shutdown procedures can alleviate
concern about a catastrophic dam failure. In the absence of a cataclysmic,
natural event such as glaciation, the integration of the wastes with the
environment'is likely to be gradual. Should such a natural event occur, the
consequences due to the wastes are likely to be secondary to those arising
from the event itself.

Experience from Love Canal, the presence of PCBs in Lake Ontario and other
large scale pollution problems indicate that the term "waste disposal" is
used very loosely in certain segments of human activity. If used the way it
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is defined for the nuclear industry, then no waste generated by human activity
is really disposed of; it is only managed in more or less acceptable ways.
Eventually, society will have to come to realize this and look for a solution.
It is probably fortunate that partly as a result of public attention the
nuclear industry has had a head start in this respect.

When we consider the quality of the liquid effluent from uranium mine-mill
facilities, the contaminant of main concern is Radium-226. Yet the amount
of Radium-226 in the effluent from currently licensed facilities not only
meets the limit for Radium-226 in drinking water, but is meeting or approach-
ing the drinking water quality objective which has a number for Radium-226
which is a factor of 10 lower than the upper limit. This is a performance
which is not very often achieved by other mine-mill facilities. For example,
a recent accidental release of cyanide from a new gold mine-mill operation
in British Columbia created a very serious possibility of grave health effects
including death from drinking water from sources dependent on the local river
system. Thousands of people had to be warned not to drink the water. It
is all but impossible for this kind of public health emergency to occur at a
uranium mine-mill facility.

Furthermore, it may be expected that releases (seepages) from uranium mine-mill
facilities closed out in compliance with AECB's requirements would generally
be lower and certainly not greater than releases during the operation.

For comparison, let us look at the CaC2 of the impact of previous mining,
milling and smelting operations on the Moira Lake and River watershed draining
into the Bay of Quinte, in the eastern part of Lake Ontario. Samples of
sediments from Moira Lake and from the Bay of Quinte have been analyzed.^)
A significant enrichment in arsenic (As), copper (Cu), cobalt (Co) and nickel
(Ni) was observed in the samples from Moira Lake which is downstream from
previous operations at a place called Deloro. The horizontal distribution of
the concentration of these elements in the sediment decreases with increasing
distance from the old mining, milling and smelting site. Concentration pro-
files of As, Co, Ni and Cu in sediments collected from Moira Lake provide a
historical record of mining, milling and smelting in the basin. The increase
of As, Co, Ni and Cu concentrations in a sediment profile from Moira Lake
began around 1900 at about the same time as the Deloro operation. A decrease
of Ni, Co and Cu concentrations at the top of the sediment profile corresponds
to the time when the plant was shut down, about 1960. However, As did not
decrease significantly at the top of the sediment profile in Moira Lake. It
is likely that As is being added to the system at a source point above Bend
Bay (a monitoring station approximately 12 kilometres downstream from Deloro)
most probably from the wastes of Deloro operations. The impact of the past
operations at Deloro on As, Co, Ni and Cu concentration in bottom sediments
is felt up to 40-45 kilometres downstream at Stoco Lake.

The concentration of As in the water of Wolf Lake, which is upstream from the
site of former operations, is 6 ugl"1. At Bend Bay it is as high as 250 ugl"1

and it is gradually decreasing, probably as a result of adsorption and dilu-
tion, to 15 ugl"1 in the water of the Bay of Quinte. It is worth highlighting
that the limit for arsenic concentration in drinking water is 50 ugl .
Arsenic is not only a very strong toxicant but also a carcinogen in prolonged
exposures at low levels.

Tests undertaken by Environment C a n a d a ^ to establish the toxicity of
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mine-mill effluents to fish in the Northwest Territories have shown that from
all effluents tested, only that from the Echo Bay operations at Port Radium
(the first radium and uranium mine in Canada although it eventually became a
silver mine) did meet the requirements for effluent toxicity.^5) All the
other mine-mill operations' effluents tested were acutely toxic to the fish.

These are only two examples to show that really all human activities have some
undesirable impact on the environment around us. And the management of uranium
mill tailings does fare rather well when compared with the management of
tailings from other mining and milling operations.

This does not mean that constant improvements in the management of uranium
tailings are not actively sought for both the operational phase and also the
post-operational, closed-out phase. This effort is one of the very high
priorities of the AECB's regulatory activities.

Significant concentrations of radon and radon daughters in the air downwind
from uranium mill tailings have been measured in the United States. The
elevated concentrations extended to about 800 metres from the tailings.
However, the experience in Canada indicates that there is not the same problem
in this country.

There is one main feature common to all Canadian tailings facilities which
makes them different from those in the United States. The Canadian tailings
are saturated with water. This is obviously the main reason that the problems
of radon and radon daughter emissions from the tailings are far less serious
in Canada than they are in the U.S. Water saturated tailings dramatically
slow down the radon percolation rate, and experience indicates that only
radon generated in the top 10-20 centimeters of the deposited tailings reach
the surface.

Extensive measurements of radon daughter concentrations were taken in and
around Elliot Lake in 1979 and 1980. The following is a summary of the
results:

Radon Daughter Concentrations
in Working Levels (WL)*

Location

(1) About 60 metres between two mine exhaust
shafts

(2) 300 metres from exhaust shaft
(3) 400 metres from exhaust shaft
(4) 1500 metres from exhaust shaft
(5) 100 metres from an operating tailings

facility
(6) A townsite 600 metres from dormant

tailings facility
(7) A townsite between exhaust shafts, mill

exhaust and tailings, minimum distance
1000 metres

(8) Elliot Lake Municipal Building - no 0.0008 0.0003
evident source of radon daughters within
2000 m.

* Working Level (WL) - unit of radon daughter concentration

Average

0.0660

0.0080
0.0012
0.0010
0.0028

0.0024

0.0071

Minimum

0.0010

0.0000
0.0010
0.0000
0.0000

0.0008

0.0008

Maximum

0.4740

0.1110
0.0020
0.0030
0.0038

0.0059

0.0150

0.0012
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For Comparison:
City of New York, U.S.A. 0.0007

The above indicates that the impact, although quite significant in close
proximity to the source, quickly diminishes within a few hundred metres.

However, an important requirement for the close-out criteria for uranium
mill tailings will be the need to undertake measures to further minimize
radon and radon daughter releases and to lower the levels of gamma radiation
around the tailings.

3. 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".

The Atomic Energy Control Board (AECB or the Board), created under the
authority of the Atomic 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 AECB'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 AECB decided to assume
a more direct role in the regulation of uranium mines.
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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.

The first task for the Board in becoming more directly involved in the
regulation of uranium mines was to bridge the gap between the comparatively
old traditions of the mining industry and the regulatory traditions that had
been developed for the rest of the nuclsar industry.

4. 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;
(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 technical tool to
achieve exposures as low as reasonably achievable in operating nuclear
facilities should be given strong emphasis;

(5) the objectiva 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.

5. 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 AECB'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 expo-
sure. It is obvious that this objective cannot be reached in real life.
Therefore, the objective of the regulatory process has to be to achieve
radiation exposures of workers that are as low as reasonably achievable,
social and economic factors taken into account. This is the internationally
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accepted ALARA principle put forward by the International Commission on
Radiological Protection (1CRP). To avoid any misunderstanding, it is worth
emphasizing that the ALARA principle is applied to achieve exposures below
those regulatory limits which must not be exceeded in the 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 met by practically all facilities.

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 the 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 in 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. Adherence to
these guides is not mandatory, but 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.
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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 AECB 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 AECB staff, will be
covered:

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

Sitis against proper ventilation requirements are among the most frequent
violations observed by inspectors. These are serious types of offence
any mine but are even more so at a mine with radon daughter exposures.

I violations observed by inspectors. These are serious types of offences at

I
I
I
I
I
• In recognition of this dual interest, the Board has established what is called

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
of the ventilation system. They will provide a regulatory basis for the
requirement of and compliance with measures necessary to implement the ALARA
principle. (

We will come back to the proposed new regulations later in this presentation.

6. The Joint Regulatory Process

Although the nuclear industry has been declared to be subject to federal
jurisdiction by the passing of he Atomic Energy Control Act, it has to be
realized that a nuclear facility operating within a geographical location in
a certain province of Canada has some impact on that province and therefore
provincial regulatory agencies do have a legitimate concern with regard to
the operation of the facility.

a joint regulatory process. This means that the Board, as a lead agency,
invites all regulatory agencies, federal and provincial, whose area of respon-
sibility covers some aspect of the proposed nuclear facility, to participate in
the regulatory process. This approach ensures that legitimate concerns of any
agency, federal or provincial, are considered in the regulatory process and
are reflected in the licence in the form of a condition or requirement. As
indicated earlier, the procedures and objectives proposed by the proponent
are finalized in consultation with provincial and federal regulatory agencies,
and they become the site-specific requirements. The Board has been operating
under this system for the past 6 years and it can be said that generally it
has worked well.

7. The Licensing Process

The present regulatory process is a co-operative one with the AECB carrying
the leading role and co-ordinating the joint process with other federal and
provincial regulatory agencies which have a mandate in occupational health
and safety, and environmental protection.
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The staged licensing process which was 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 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 sets out conditions under which
the facility could undertake the activities for which it was designed.
Before a facility operating licence is issued, the proponent has to submit
to the regulatory agencies a detailed description of the as-built facility
as well as the detailed outline of the process, operating policies and
principles and the radiation protection program. In other words, the
proponent has to convince the Board staff and other regulatory agencies
that he has the capability to operate the facility in compliance with
the regulatory requirements.

(5) Close-out

It is recognized that the operation of a nuclear facility generates
radioactive waste which remains beyond the operating phase of the facility.
It is therefore required that a close-out approval be obtained before
winding down operations of a nuclear facility. The proponent has to
show that the radioactive waste remaining in the waste management part
of the facility will be contained to the maximum extent possible, and
that the radiation doses to the public resulting from this waste will
be as low as reasonably achievable. The proposals for close-out measures
should maximize the use of natural barriers and should require minimum
reliance on human intervention. Currently these measures are being
formulated for the Eldorado Nuclear Ltd. Beaverlodge operations in
Saskatchewan which is to cease operations in July, 1982. It is expected
that the implementation of the close-out measures might take 2-3 years.

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
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to be of primary concern in the assessment of any proposed mining practice.
Of great importance also is the influence these mining practices may have on
waste streams, subsequent waste management and, consequently, the environment.

8= 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 by AECB staff as well as inspectors appointed from the staff of
provincial agencies.

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

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. This would remain in effect
until remedial measures are implemented by the licensee to the inspector"s
satisfaction.

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 main objective of the compliance activities is speedy corrective action
if undesirable practices are observed during an inspection.

The management of the facility has the principal responsibility to see that
the approved operating practices and the regulatory requirements are met, and
that proper monitoring of the quality of the workplace environment is insti-
tuted.

The AECB-appointed inspectors do periodic, side-by-side surveys with the
licensee's monitoring technicians, for the purpose of auditing the licensee's
monitoring results. The AECB is gradually increasing the extent of inspection
activities by its own staff. Time allocated has reached a level of approxi-
mately 200 person days in 1981 and is planned to reach 800 person days in
1982. Considering the number of facilities, this would provide for a
reasonable level of inspections.

It should be noted that in uranium mines, enforcement of the conventional
health and safety regulations is exercised by Labour Canada under Part IV of
the Canada Labour Code.

9. AECB and the Workers

The AECB 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.
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To begin with, the unions receive copies of all correspondence dealing with
health and safety matters. Furthermore, an effective practice of regular
dialogue with the workers' representatives has been established. They 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 workers'
representatives should be playing in the whole process. Their contribution
in educating the worker to use safe work practices is of paramount importance.
The AEC5 staff has extended every possible assistance by providing speakers,
when requested, for their seminars on subjects related to radiological health
and safety. Periodic joint discussions with workers' representatives,
management and the regulatory agency have proved to be beneficial. TViey have
been initiated by the AECB in Elliot Lake, Bancroft, Beaverlodge and elsewhere,
resulting in a marked improvement in worker-management relations in dealing
with health and safety problems.

The workers' representatives have an important role in the monitoring of the
working environment. Appointed members are trained in this function, and
they do side-by-side monitoring with the licensee's technicians as a further
method of audit. Representatives of the health and safety committees accompany
the inspectors during an inspection and take part in compliance meetings with
management afterwards, where the inspection findings and necessary corrective
actions are discussed.

This approach has proved to be very valuable in establishing an effective
dialogue between the workers and management, leading to a co-operative rather
than confrontational approach to the solution of health ar.i Cxety related
problems.

It has helped to create a mutual trust between the workers' representatives
and the AECB staff.

10. AECB and Other Federal and Provincial Regulatory Agencies

The Board recognizes that in the complete assessment of a uranium mine-mill
and tailings management facility, a wide range of problems has to be
considered. This process requires an equally wide range of professional
expertise. It is almost impossible for any one regulatory agency to have
this breadth of expertise, so every effort is therefore made to enlist the
full support of other federal and provincial agencies.

The AECB's experience in this regard has been excellent. In addition to
achieving a high professional standard in the overall assessment of licence
applications with their supporting documents, facility performance and
compliance, this approach allows for consideration of the requirements of
all the other agencies involved regardless of possible jurisdictional
difficulties.

The Board staff puts great emphasis on further improvement in the dialogue
with other regulatory agencies. The establishment of periodic seminars for
appointed inspectors is an effective step in the effort for a higher profes-
sional quality of compliance enforcement. These seminars are conducted in
addition to the Uranium Mine Radiation Safety Course already sponsored by the
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AECB, and given twice a year by the Canadian Institute for Radiation Safety.
Most of the AECB inspectors, staff of other federal and provincial agencies,
many union members, and management personnel have taken the course.

Joint meetings dealing with generic or site-specific issues involving all
concerned federal and provincial regulatory agencies have been found to be an
effective tool leading to a high quality and expedient joint regulatory
process.

11. AECB and the Publ:lc

As has been indicated earlier, nuclear issues are generating great public
interest. It is important that information regarding health, safety and the '
environmental impact oi: nuclear facilities is made available to the general
public.

^J TV* j~\ A 1 7 ^ C 1̂  r* e* *$ ** A 1 4 A f t ^ ^ v%1«\% 1 1 fl 4 A/» A O c ^ r t T •! ^ A«* A n ««rr ^ n f A m v i »*•• 4 sx^t ^ 'The AECB has a policy on public access to licensing information. This means
that all submissions which are in support of an application for a licence and
which deal with the above-mentioned topics are placed in the AECB's public

copy the information.

As part of the licensing process for any uranium mine-mill facility, there is
a requirement for public input and consultation. This process could take
various forms. If the province where the facility is proposed has a require-
ment for a pr.blic consultation process, the AECB utilizes it to fulfill its
requirement for the provision of public input. If not, then the proponent is
required to institute public meetings where the planned activity is explained
to the public and any questions or concerns are answered. The regulatory
agencies participating in the joint regulatory process are invited to partici-
pate. The requirements of this process are outlined in a regulatory guide.(?)

On a day to day basis, any queries on generic or specific issues dealing with
the safety of the nuclear industry which are directed to the AECB, are answered
by the staff. Furthermore, members of the AECB staff, when invited, participate
in various public or workers' discussions to the fullest extent possible.

It is the AECB's belief that the industry itself has to become more open to
provide information to both the public and the media. For its part, the AECB
does make available to the public all reports on unusual occurrences and the
results of the investigation of these occurrences.

It is obvious that access to pertinent information is crucial for public
education on the issues associated with the nuclear industry. This is the only
way to ensure a more realistic approach to decision-making and avoid letting
emotion cloud the issues.

" The valued role of the media in the education of the public is a great
responsibility. The public has a right to unbiased, balanced information from

I the media. AECB staff is always willing to co-operate with the media by
providing the requested information to enable reporters to carry out their duty
responsibly. Sensationalism has been less frequent in media coverage as the

Tl flow of information improves. But it still occurs. For example, let us take
!J the article entitled "Uranium Toll Staggering" which appeared in Montreal's

"The Gazette" on September 18, 1980. The headline would certainly instill

it
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some fear in the mind of a casual reader as it suggests uranium is to blame
for a large but unspecified death toll. The article itself actually reports
on the testimony of Norm Rubin of Pollution Probe to the Select Committee
of the Ontario Legislature investigating uranium mining and milling. What
Mr. Rubin had said is that by the time wastes from Elliot Lake mines become
harmless, they will have caused about 62,000 radiation-induced deaths (in
Canada), and that half of those will occur in the next 77,000 years. By
simple arithmetic, that translates to one death every two and one half years.
This kind of risk is dwarfed by risks from daily life and certainly does not
deserve the type of headline used. He believe that this kind of media treat-
ment is not fair and should be avoided.

12. The Nuclear Issue and the Medical Profession

The extensive experience of the medical profession with the health effects of
low-level radiation should play a vital role in the formulation of public
opinion on this issue. Unfortunately, the majority of the profession and
particularly the professional associations representing it have not yet chosen
to enter the process of public education on this issue in a systematic fashion.

Let us briefly look at medical opinion in this field:

(1) Doctors E.R. Y0Ung and R.F. Woollard prepared a report entitled "The
Health Dangers of Uranium Mining and Jurisdictional Questions"^), more
commonly referred to as "The B.C. Medical Association Report" as a
submission to the Royal Commission of Inquiry, Health and Environmental
Protection-Uranium Mining in British Columbia, better known as the "Bates
Commission".

The authors, general practitioners without extensive direct involvement
in research of the health effects of low-level radiation, assembled a
collection of selective quotes from reports and evidence presented to the
Bates Commission and chose to make medical, technical and legal conclu-
sions. In the report's review of work in the field of epidemiological
research, in many instances the original work was used, but the results
of critical peer review were ignored.

Chapter XXII of the report is entitled "Atomic Energy Control Board
(AECB)-Unfit to Regulate". As the title indicates, the conclusions of
the authors are certainly not of the kind one would expect an M.D.-general
practitioner to be well qualified to make, but let us briefly consider
the facts the authors have used to arrive at their conclusion.

Very extensive quotes from the actual testimony at the hearings, usually
out of context, plus innuendos regarding the personal and professional
integrity of the Board's staff and members of its advisory committees
are the basis of the authors' conclusions indicated by the title of the
Chapter.

The AECB submission to the Commission dealing exclusively with the
detailed explanation of the regulatory process and jurisdictional issues
is not mentioned. Although the Board's submission was made in May, 1980,
more than three months before Drs. Young and Woollard presented their
report, we have to assume they did not feel it necessary to study this
material before coming to a conclusion on this topic. The submission
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explained in detail the AECB regulatory system for uranium mining and
milling. Had Drs. Young and Woollard studied the material, they would
have found the background and reasons why the AECB's direct involvement
in uranium mining started only in the seventies. They would have had the
benefit of more up-to-date information on the regulatory process applied
currently in regulating the Canadian uranium mining industry.

The British Columbia Medical Association has very specific criteria for
procedures leading to adoption of reports by the Association. These
require a peer review and discussion by the General Assembly and approval
by the Board of Directors. Enquiries to the Association as to whether
these procedures have been followed with regard to the Drs. Young and
Woollard report have so far failed to produce a direct, straightforward
answer. In the absence of a clear response on this question, we have
to assume that in the 18 months from the production of the report, the
British Columbia Medical Association has not yet accepted or rejected
the report. The AECB therefore wishes to record that any claims to the
effect that the report is the official position of the British Columbia
Medical Association are untrue and misleading.

(2) The Medical Associations of Ontario and New Brunswick and the Canadian

(
Medical Association are currently evaluating the available medical
experience and are in the process of formulating their position on the
ntirlesr issue*.

• (3) The American Medical Association has reviewed the available medical
evidence and concluded that the health risks resulting from radiation
associated with the production of nuclear power are of the same order of
magnitude or lower than those of other forms of energy production, or
indeed many other usual human activities associated with our everyday
life. O )

1 (4) The International Atomic Energy Agency (IAEA) of the United Nations,
in co-operation with the World Health Organization (WHO), has published
work^1'0' addressing the health effects of radiation resulting from nuclear

f energy production and the actual dose-response relationship of low-level
radiation. As the World Health Organization, representing the world-wide
medical consensus, is the co-sponsor of these publications, it can be

[ said that the international medical community does not support the
opinion voiced by some members of the medical profession.

It is worth noting that the British Columbia Royal Commission, having con-

I sidered all the evidence, including the Drs. Young and Woollard report,
concluded that uranium mining could be done safely and should be allowed.
The seven-year moratorium on uranium mining declared by the British Columbia

I Government was a purely political decision and was not based on the actual
assessment of the real issues and problems associated with uranium mining
and milling.

I B. RADIATION HEALTH AND SAFETY

1. Radon Daughter Exposure

1 The most significant component of radiation exposure for the majority of
uranium miners is the dose resulting from exposure to radon daughters in

r
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the workplace atmosphere. The most effective control of radon daughter
exposure is a well designed and properly operated ventilation system.

A significant part of the AECB's regulatory activity is therefore directed
towards the achievement of the most effective ventilation system at the
licensed facility. This involves a detailed assessment of the design of the
entire mine and ventilation system before the mine development begins. It
also requires the approval of ventilation plans during actual mining opera-
tions to ensure that they are properly co-ordinated with production plans,
and that the operating policies of the licensee reflect the dominance of a
properly operating ventilation system in production decision-making.

The AECB has formulated and is enforcing standardization of the methodology
of radon daughter concentration monitoring and workers' exposure determination.

An active research program was initiated into the development of a personal
radon daughter dosimeter to improve the individual exposure determination.

A long-range, experimental personal radon daughter dosimetry program
involving approximately 10% of the workforce in the entire Canadian uranium
mining industry is now being phased in and will be running for a period of
up to three years with a thorough evaluation on completion. The decision on
full implementation will be made based on the results of the evaluation.
The AECB is continuing funding of research and development on a simple and
reliable passive dosimeter for monitoring personal radon daughter exposure.

The AECB participates in three major retrospective epidemiological studies
of lung cancer among miners. (H)

Radon daughter exposure records of uranium mine workers are now part of the
National Dqse Registry of the federal Department of Health and Welfare.

2. Gamma Exposure

The second most important contribution to underground miners' radiation expo-
sure and the most important for open pit miners is the whole body gamma dose.

A full-scale personal gamma dosimetry program is provided by the Radiation
Protection Bureau of the federal Department of Health and Welfare. The AECB
required the full implementation of this program as of January 1, 1981.
Unforeseen difficulties with the development of a dosimeter suitable for the
harsh .mine environment delayed implementation of the program, but it is now
in full operation. The exposures are recorded in the National Dose Registry.

Special protection measures are enforced at the extremely high grade uranium
mine-mill facility of Cluff Mining Ltd. in Northern Saskatchewan. These
consist mainly of extensive shielding of the equipment operator's cab, strict
control of movement and contamination of mobile equipment and workers, and
additional monitoring of gamma dose by the use of direct read-out dosimeters
(DRD).

3. Thoron Daughter Exposure

In some vinium mines, particularly in Ontario, a significant amount of
thorium is present in the ore and therefore thoron daughter exposure occurs.



- 19 -

Latest medical and dosimetry research indicates that the dose to the lung
resulting from thoron daughter exposure is higher than originally assumed.

As a result of the revision of limits for thoron daughter exposure, a
determination of the individual thoron daughter exposure will become a
regulatory requirement. As in the case of radon daughter exposure, the most
effective control of thoron daughter exposure is an effective ventilation
sy steal.

I 4. Uranium Dust Exposure

( Inhalation or ingestion of uranium concentrate is of concern mainly in the
mill. Strict containment requirements and operating procedures as well as
personal hygiene and protection are enforced. Monitoring of uranium dust
concentration in the air is done on a variable frequency. Workers in the

( concentrate drying and packaging area are regularly subject to urinalysis to
detect any unusual uptake of uranium. Investigation of the degree of contri-
bution of uranium ore to the total exposure will be the next step in
determining the combined exposure of uranium mine-mill workers.I
Measures to minimize the generation of dust in the mine and in the milling

_ process are part of the enforcement of the AECB requirements.

* 5. New Regulations

I As mentioned earlier, experience over the past five or six years indicated
the need for somewhat more specific regulations addressing directly the
specific problems of the uranium mining and milling industry.

I These regulations will shortly be released for public comment. It will be a
pleasure to forward a copy to this inquiry as soon as they are released.

I In the area of mine ventilation, the new regulations will contain the basic
' specific requirements for an effective main ventilation system as well as

the auxiliary system necessary to provide adequate ventilation of individual

1 working places. Minimum quantities of air to be supplied in the workplace
will be identified.

I The requirement to follow a "Code of Practice" to minimize exposures below the
regulatory limit will be strengthened. A higher standard of knowledge of
proper radiation protection procedures applicable to mining and milling by

... the workers and supervisors will be required. To achieve this objective,
I there will be a specific requirement to have workers and supervisors success-
' fully complete a course in radiation protection approved by the AECB. The

requirement for periodic re-education of workers and supervisors will also be
I included.

6. Past Exposures

The AECB has done a considerable assessment of the technical data used to
estimate radon daughter exposures in internationally quoted epidemiological
studies.(12) For past cases the measurements of radon daughter concentrations

I were sparse and records on the general conditions in the workplace are
practically nil.
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Accordingly, the AECB has begun a set of studies to be executed in all under-
ground uranium mining operations in Canada. The purpose of these studies is
to attempt to recreate the working environment conditions (ventilation, dust,
etc.) as close as possible to those conditions which existed in the early
fifties. The measurements of radon daughters and radioactive dust concentra-
tions which will be obtained during these tests will enable the AECB to
estimate with better confidence the possible ranges of exposures in the
uranium mines in the fifties.

7. Surface Exploration and the AECB

The 1979 decision of the AECB not to require exploration companies to obtain
a permit pursuant to the Atomic Energy Control Act and Regulations when
conducting surface exploration for uranium has been questioned. In point of
fact, the previous requirement to obtain such a permit was mainly to give
the government up-to-date knowledge of the results of exploration for uranium;
it was not based on health and safety considerations. The data collection
need is fulfilled today by different means so there is no need for the
exploration approval mechanism.

There is certainly radiation exposure involved in surface exploration for
uranium. Radiation is gradually released from ore bodies into the environ-
ment, and investigation of the anomalies in the level of the natural radia-
tion background is the first stage of surface exploration for uranium.
However, the incremental risk from this radiation to workers is minimal and
the impact on the environment is really not detectable. In fact, the
conventional health and safety risks associated with any type of surface
exploration and the impact on the environment due to causes other than
radiation are by far the prevalent concerns.

On request', the AECB does provide advice to provincial authorities on the
extent of preventative measures necessary to avoid the unexpected occurrence
of radiation effects of surface exploration.

The obligation to acquire an Ore Removal Permit is not based on the signifi-
cance of the radiation effects of 10 kg of uranium on health and safety or
on the environment. The 10 kg figure is an arbitrary number whose purpose
is to alert the mining proponent and the regulatory agencies that discussions
should commence toward having the regulatory process well in place when the
stage of work involving a significant potential radiation effect is reached.

C. CONCLUSION

Uranium mining, and indeed the whole nuclear industry has been studied by
many Royal commissions and parliamentary and other commissions of enquiry
involving many public hearings. The Ham Commission in Ontario, the Bayda
and Key Lake Commissions of Enquiry in Saskatchewan, the Bates Commission in
British Columbia, the Porter Commission and the Ontario Select Committee are
only some of them. Except in Newfoundland, where the commission holding public
meetings on the proposed development by Brinex Ltd. in Labrador recommended
that the development not go ahead, all have concluded that uranium mining
and nuclear energy development are acceptable and necessary in the Canadian
industrial scene. These commissions made their decisions after hearing the
arguments of all sides, including the anti-nuclear interest groups and
scientists. They have recognized Chat there is no absolute safety and indeed
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all energy produced or utilized by society has health and environmental risks.

As indicated earlier, an open, honest information flow from the industry, the
scientific community and government to the public is absolutely necessary to
foster better understanding of the issues and rational perception of the risk.
The AECB, recognizing this, makes health and safety related information about

: nuclear facilities available to the public. The industry has shown some
encouraging development in this direction, but more is yet required.

j Better education and 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.

I
I
I

A further improvement in both the regulatory process and the effort to
minimize radiation effects on health, safety and the environment remains a
constant objective of the AECB. The latest developments in technology and
research are used in working toward this goal.

I
I
I
I
I
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