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Introduction

The Seminar was designed to focus on the major issues
affecting the future of the entire nuclear fuel cycle
In particular it covered those issues bearing on the
formation of public policy in relation to the use of
uranium as a major energy source. It was held at the
Skyline Hotel, Toronto, November 2-3, 1982. The
audience largely involved senior representatives of
organizations active in nuclear energy.

The program was arranged by a task force headed by
Dr. O.J.C. Runnalls, Professor of Energy Studies,
University of Toronto on behalf of the Canadian
Nuclear Association's Public Affairs Committee.

I The Canadian Nuclear Association coordinates and

represents the interests of electrical utilities,
manufacturers, consultants, government departments,

( financial and educational institutions, uranium
producers and labour organizations interested in the
civilian application of nuclear energy.

PROGRAM COMMITTEE

Dr. O.J.C. Runnalls, Professor of Energy Studies, Univer-
sity of Toronto, Chairman; Dr. N. Aspin, President,
Canadian Nuclear Association; D. Hardy, Community Rela-
tions, Ontario Hydro; J.A. Macpherson, Manager, Public
Affairs, Atomic Energy of Canada Limited; Dr. A.M. Marko,
Director, Health Sciences Division, Chalk River Nuclear
Laboratories, Atomic Energy of Canada Limited; N. O'Brien,
Vice-Président, Minerals, Denison Mines Limited; R.P.
Riches, Program Co-ordinator, Public Relations Dept.,
Ontario Hydro; Dr. T. Rogers, Faculty of Engineering,
Carlton University; Dr. R. W. Morrison, Energy, Mines &
Resources; J.A. Weller, General Manager, Canadian Nuclear
Associaticn; A. Wyatt, Head of Advanced Technology,
Montreal Engineering Co..



NUCLEAR PLANTS AND ECONOMIC RISK

A. J. O'Connor
The New Brunswick Electric Power Commmission

Fredericton, New Brunswick

You are ail no doubt aware that New Brunswick's first nuclear
plant is now generating power. It's been a long arduous ordeal
since we began in 1974. There were times during these eight
years when we all perhaps wondered if it was really worth the
hassle*

There is now some time for reflection on what had been achieved,
how it might have been improved, and where we might go from
here. I want to share some preliminary thoughts with you this
evening on this process.

Ours has not been a tranquil story. The eight-year span of
project work and $1400 million of cost in themselves reflect the
magnitude of the work - indeed the courage of our small
Province. It changed all our lives to some degree. We were
battered by unprecedented inflation, difficult labour
conditions, an industry reeling in turmoil, and some news media
over reaction.

From it all, we have Point Lepreau now on line to add security
to the provincial energy scene. We continue to believe that the
lifetime benefits of the plant to the provincial economy will be
outstanding, but the scars we bear demand that we find better
ways.

There are serious problems which plague our Nuclear Industry
quite apart from slow utility load growth. For the utility I
believe these problems all concentrate in one area - and that is
"Economic Risk". When economic risk becomes too great in any
venture, that venture cannot go forward. So it is crucial that
we find ways to reduce these economic risks that we have
experienced on plants like Point Lepreau, if our Industry is to
have the future we all wish it to have. It is those factors
which create unsatisfactory economic risk that I would like to
address this evening.

The economic risks which NB Power has had to accept at Point
Lepreau stemmed from a whole number of factors which
individually and collectively lengthened the schedule and
dramatically increased costs. They are more or less as follows:

There were unforseen massive commodity increases
required for the plant construction coupled with
extensive control system additions.

There were serious under-estimates of engineering
effort required with resulting severe engineering
schedule delays.
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- There were manufacturing delays which hurt badly. a

- We were in a period of changing regulatory
environment.

- There were construction and associated labour I
problems.

- We were a prototype with prototype problems.

- High money cost was the order of the day. —

The cumulative effect of these factors was to extend the •
schedule by three years, and raise the first definitive estimate
of the project cost by a factor of over two. I

The reasons for these changes to schedules and costs are what
the Industry must attack, so as to improve our ability to •
produce valid budgets and to establish tight and achievable I
schedules at the beginning of future projects. This will
greatly assist in controlling the economic risk exposure. _

If I can come back to my list of critical factors for a few •
moments, I would like to make it clear that I am not damning any
segment of the Industry. Rather, I am suggesting that none of I
us forsaw the kind of conditions we faced in the 70's, because I
we could only look forward with the hindsight of the 60's. We
have learned some hard lessons. If we put that knowledge to •
work we can, I believe, capture once again much of the promise I
which the Nuclear Industry held out to the world in earlier
times.

I would like to lump the first two factors together for •
discussion purposes. That is, the new breed of nuclear plants
are massively different from their predecessors. Early 1
engineering effort did not recognize this change and was not |
organized to meet the need.

Cost estimates prepared for Point Lepreau around the start of I
construction, indicated a total project requirement of 49 700
cubic meters of concrete. To date a total of 154 400 cubic
meters have been placed. Similarly, the total length of I
electrical cable consumed now stands at 1 000 000 meters •
compared to an estimate of 381 000 meters. Clearly, the plant
as constructed is not the plant as conceived at the start of the I
project. These commodity increases illustrate not only the |
magnitude of changes in the plant during its construction
schedule, but also the lack of design definition at the start of

I
I
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Approximately 4 1/2 million engineering manhours have been spent
on Point Lepreau in various design shops, including our own.
When field work began on Point Lepreau at the beginning of 1975,
only about 100 000 manhours or about 2% of the final total had
been expended. At the end of 1977, when the main mechanical
installation began, only 46% of the total engineering manhours

had been spent. This is all the more interesting when you
consider that Point Lepreau was supposed to have been the third
unit in the 600 MW class of CANDU's. Massive engineering effort
was still going into our project as late as the end of the
seventh year of our program.

The problems with engineering scheduling were not at all
straight forward. They were, as I have noted, tied to
regulatory requirements, changes brought about by Three Mile
Island, geographical factors and even political events which
limited the engineering effort in a crucial period.

I have no educated comment to make on the volume of commodities
which are now going into everyone's nuclear stations, except to
say that I believe some careful engineering reviews might have a
handsome pay back. With respect to engineering effort, we truly
believe that an efficiently constructed nuclear plant must have
at least 75% of the engineering work done on a properly defined
plant within the first 36 months of its schedule. This will be
our plan if we should proceed with a second Point Lepreau unit.

Another factor which contributed to the engineering problem was
the difficulty of coordinating design agencies located all the
way from Toronto to Fredericton. This simple problem of
geographical location and the lack of a single project dedicated
design team cost the project dearly in schedule and cost.

We propose, with some exceptions such as fuelling machines and
some other conceptual design work, that for future nuclear
projects in New Brunswick, a central engineering office be
established close to the project. Here overall engineering
control will be maintained and the entire staff will be directed
solely towards one goal. In other words, there is a need for a
"dedicated" project engineering group.

In terms of regulatory requirements, we do not contend, nor do
we believe anyone here would, that regulation of the Nuclear
Industry is unnecessary, or even that it is too tough.
Certainly I don't feel it is too tough. We do believe this
regulation could and should be handled in a more efficient and
cooperative manner between the regulator, designers and owners.
Iterating our way toward a licenceable nuclear, unit when the
unit is in an advanced construction stage, is clearly an
economically destructive process and will be totally
unacceptable for future owners.



We understand and accept that certain requirements may be I
modified during any five to eight-year construction period, but |
if these potential requirements are flagged at the outset, and
everyone involved can understand early what may be the limits of •
the new requirements/ many costly surprises and resulting I
confusion could be eliminated.

The risk to an owner of having a massive investment in a plant j
which could become unlicenceable in part or in whole, before it I
even comes on line, by regulatory decisions made late in the day,
is a nightmare the Industry can ill affordl

We believe that if regulatory requirements for an acceptable
plant can be clearly, and as completely as possible, laid out up
front, so as to reduce the practice - even the necessity - of
designers trying to second guess the regulations and the
regulators, many costly engineering and construction problems
would be eliminated.

Manufacturing has shared in Lepreau Unit No. 1 to an amount over
$400 million. This is very significant in anybody's terms.
Therefore we believe, if this business is to survive let alone
grow, our Canadian manufacturers have a heavy responsibility and
must do their part in this effort.

I want to acknowledge that late technical information caused many
problems for manufacturers, and I have already addressed this
deficiency, but there were lots of difficulties of strictly
manufacturing origin.

Many of you are familiar with some of the Canadian nuclear
manufacturing problems - the most difficult of course was the
steam generator problem but there have been troubles in our case
with many manufactured items, from pipe being egg-shaped, valves
that leaked and electrical panels requiring a complete rebuild on
site. Not only were there deficiencies in manufactured goods
from a quality point of view, but also delays in delivery of many
months occurred in a number of critical items.

These problems and many others were encountered with a great many
manufactured items. If the real cost to the project could be
calculated, I'm sure it would be staggering.

The Industry needs the support of the manufacturers in solving
this problem. It may be a more difficult problem in this country
because the Industry is somewhat fragmented. I believe that
Senior Executive commitment by manufacturing leaders is needed to
give this Industry a high priority. It has to be as close to
flawless as possible in its performance.

One of the factors which has contributed to these problems in the
Quality Assurance program. This is not to say Q.A. is not
required, but better ways must be developed to cope with the
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massive quantities of records and approvals and more effort must

I go into verification that the item is correctly manufactured and
does meet quality requirements. In other words, we better be
sure that the objectives of the system are met,m and not just
allow a good philosophy to turn into a wasteful paper tiger.
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There are the problems which designers encounter in assigning
the appropriate Q.A. levels. The impact of this affects
everyone including it would seem, even the Control Board itself,
especially in the so-called non-nuclear areas.

We have encountered problems with consistency in the various
construction contractors' Q.A. manuals, and small manufacturers
have a special problem. In these two latter areas, we believe
the owner's Q.A. manuals should be used as a common base on
future work.

Construction costs at Point Lepreau were also in the $400
1 million range. By legislation covered in the Public Service

Labour Relations Act of New Brunswick, it was impossible for the
Commission to direct-hire labour for the project as is done in
Ontario plants. Tha.t is, all work had to be done by
contractors, who could in turn hire the construction trades
necessary. This, coupled with late engineering design, put the
Point Lepreau job at a serious disadvantage.

There were a total of 139 contracts awarded on Lepreau Unit No.
1 of which 119 were on various forms of hard money contracts
with 20 done on a reimbursable basis. These 20 reimbursable
contracts amounted to 80% of the total value. The prime reason
reimbursable contracts were utilized on the nuclear plant was
the lack of final design drawings. Even on the reimbursable
contracts we were hurt seriously by the inability to plan the
construction properly because of incomplete packages of
engineering and materials.

You can understand that the administrative problem of handling
139 contracts is tremendous. We most certainly will endeavour
to reduce this number considerably for another unit. If as
suggested by some contractors and a few politicians we had tried
to do this entire project with firm price contracts, with the
subsequent delays and changes in engineering, the late
deliveries of material and equipment, and changing requirements,
we would have been be in court for the next ten years or the
contractors or NB Power would all have gone broke.

We are still studying the question of how best to handle the
field construction on a future nuclear unit. There are a numb r
of options but none of them will be successful unless the
project is properly defined up front, the engineering design
work done well in advance of the construction activity, and
materials delivered to the site on schedule.
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Labour productivity is naturally an area of concern on any large
project. We had our share of labour difficulties at Point [I
Lenreau much of it. arisino from thp farf •t-'hat- the» nercent-îon of II

I
Lepreau much of it arising from the fact that the perception of
some local union leaders, and local practices in general, did not
fit well with the requirements of a very large complex project.
The quality of the work force in itself was quite adequate.

Special labour agreements are necessary for future nuclear
plants, if they are to be constructed on the required fast track
schedule. This demands major changes in craft working
conditions, and total commitment from both the local and
international representatives. There must be economic access to I
two extended shifts per day and the job must run seven days a ll
week during critical periods of the construction. We have gone a
long way towards achieving such an understanding for a future [I
unit. All of this would be to no avail of course, if good j|
planning and high quality supervision by the contractors is not
achieved, or if plans and materials fall behind schedule. ..

Commissioning a prototype unit has been an extremely trying
exercise at Point Lepreau. Many problems have been uncovered
arising from almost every source; design deficiencies, equipment I
failures, computer logic discrepancies, and all of those things I
you might expect when significant model changes are made. As a
result, the pre-commissioning and commissioning work has eaten up |
an unbelievable number of manhours. This has been far, far in \
excess of any early estimates and undoubtedly flows in part from
the fact that design changes were continuing even during
commissioning coupled with growing complexity of nuclear power
plants and their control system. Our Industry seems to be
spending more time these days mandating and engineering the
multitude of systems designed to shut the plant down safely, as
against creating systems to keep the plant on line operating
safely.

Even the licencing of operating staff has been fraught with
changing requirements, or at least the requirements turned out to
be different than we had understood them to be. I would hope
that time, experience, and further consideration of a practical
nature, will lead to more effective training programs and even
better operators. We are making a good start on this.

Financing the Point Lepreau plant has been the most serious
financing program that NB Power has ever undertaken. That it has
been achieved without damaging the Commmssion1s credit rating is
pretty satisfying, but it is not a risk one would accept lightly
again. There is a further national role related to nuclear plant
financing which must be explored, especially for small utilities
which need nuclear generation. This is especially evident where
energy exports from prebuilding are involved.
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We have been through this construction phase now and we have
learned a lot which we hope will be useful on the construction
of a Lepreau Unit No. 2, or on other 600 MW CANDU units whenever
and wherever they may be constructed.

There are many things we would do somewhat differently a next
time which we believe will make considerable improvements to the
total procedure and in the schedule and cost of future plants.
I have covered these briefly but they bear repeating.

• We must know in detail what kind of facility we are
starting out to build and be assured in advance that
necessary regulatory approvals are achievable.

• We must have engineering early - Unit No. 2 would be
generally a repeat of Unit No. 1 so this should be
attainable.

• We must have a dedicated engineering-design facility
associated with and preferably located near the project
to be better able to coordinate and control the work.

• We must have no-strike project labour agreements,
designed to-• improve productivity and to shorten the
construction schedule. These agreements must commit
both the local and international representatives.

• We must assure that engineering, manufacturing and
construction schedules are compatible with the need to
produce a station in much shorter overall time periods
than presently being achieved.

• We must refine the Quality Assurance and Quality
Control process so that we will not be distracted from
the real intent of achieving a high quality product.

• Prototypes are undesirable for small utilities. Even
though Point Lepreau was started third, and came in
first, it has had the burden of costly prototype
problems.

• There will need to be thought given to financing
mechanisms for future nuclear units on smaller utility
systems. The national government must play an
appropriate role in this regard.

There is no doubt but nuclear power plant construction is the
most complex form of engineering-construction in the world
today. I believe that we have outlined some ideas which can
effect meaningful and necessary cost savings in future 600 MW
CANDU1s and which will greatly shorten the construction
schedules and so limit the economic risk to future owners.
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Finally, there are many opportunities for improvement in
performance by all groups involved in this business, and I feel
the time and present economic conditions are right to take full
advantage of these on a possible second unit for Point Lepreau.
We believe a second unit can and must be built in considerably
less time - like 6 years or less instead of 8 years or more -
and for relatively less money after allowances for general
inflationary trends. We need to make some changes, but it
requires some tough-minded actions. Like it or not, I believe
we will either have to build new nuclear units in very much
shorter time or they will not be built, since such plants will
not be able to absorb the financial cost of the longer
construction period.

It must be the urugent goal of C.N.A., and those involved in any
aspects of the CANDU program, to try to find ways to contain the
economic risk to the owner of the nuclear unit, and to develop
the ways and means to assure that power generated from uranium
will remain fully competitive domestically and on a world wide
basis in the future.

I believe, Mr. Chairman, we are at a critical point with our
CANDU program. If we fail in this assessment task, our nuclear
program will surely falter. If we are successful, as I feel we
can be, we can look forward to a continuying role for CANDU's in
the future.

Thank you for your attention.
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- COMPARISON OF INDUSTRIAL RISKS

" R. Wilson
W.J. Chase

To be presented at the Canadian Nuclear Association

( Uranium and Nuclear Issues Seminar,
Toronto, November 2-3, 1982

WJCRISKS8210
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COMPARISON OF INDUSTRIAL RISKS

ABSTRACT

I.
(1
a

Three measures of occupational risk in industry are discussed: il
fatal accident rate, standardized mortality ratio and loss of '•
life expectancy. Fatal accident rates vary widely in Canadian
and Ontario industries and occupations, and the most dangerous II
occupations are about 50 times riskier than the average. ]|
Standardized mortality ratios also vary widely for different
diseases and occupations. Some of the variation is caused by i»
social class differences, but when this is accounted-for, a II
difference of ten years in life expectancy between the safest and
riskiest British occupations still remains. Information on the
differences in occupational risks, along with knowledge of the ||
costs associated with the reduction in the risks, enables II
rational decisions to be made in the allocation of limited
resources. IT

I
I



I
f
I
I
i
i
i

13

COMPARISON OF INDUSTRIAL RISKS

R. Wilson and W.J. Chase
Ontario Hydro

INTRODUCTION

Knowledge of the risks that exist across a wide spectrum of
industries and specific occupations within industries is
important for a variety of reasons: logically it should be the
starting point for the allocation of resources to correct
unsatisfactory situations; it is useful in establishing the norms
or standards for acceptable levels of safety; and it could be
useful as a guide to workers or those entering the work force on
the risks they face in their occupations.

Societal perception of risk is in some instances widely at
variance with the actual risks that exist. For example/ when

( people were asked to rank the risks from 30 different hazards of
modern life, nuclear power was ranked first by members of the
League of Women Voters and by college students, and eighth by
Business and Professional Club Members; its actual rank was

( twentieth (Du79). The same misperception of occupational risks
also exists. There may be a number of reasons for this. Some
occupational risks are associated with debilitating or fatal

( diseases, such as cancer, which are feared because of the
extended pain and suffering associated with them. In other
cases the nature of the risk may be difficult to understand,

I
(e.g. radiation). In some occupations occasional disasters
involving large numbers of workers magnify the risks (e.g.
underground mining) whereas in other occupations fatalities
usually occur singly (e.g. forestry); in fact, the fatality rate

I per unit of time worked is higher in forestry than in mining
(Fr80). Regardless of the reasons, it is a fact that the
perception of the size of a risk often bears no relationship to

I its actual size. This is a reality that must be understood and
tolerated if not accepted. This paper attempts to give some
perspective on the size and variability of occupational risks.

MEASURES OF OCCUPATIONAL RISK

In occupational health and safety, the injury and suffering being
experienced by a work force is currently measured in a number of
ways. Ideally, the assessment of the total harm being
experienced must take into account not only the effect of acute
events, such as accidents, but also the detriment from chronic
exposure to chemical and physical agents. Summation of such
effects may be quite difficult. An added problem is how to
combine the harm from occupational accidents which result in
fatalities with those which result in injuries.
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Normally this is not attempted and the practice is to employ
separate measures for accident fatalities, injuries and n
occupational disease effects. The International Commission on D
Radiological Protection (ICRP77a) has proposed a method of
combining the detriment from all types of accidents and
diseases. The combined effect has been designated as an Index of Q
Harm. This measure or a similar one may at some time become •»
employed in the comparison of occupational risk, but current
practice is still far removed from this unifying concept. II

In considering the risks of various occupations fatalities are
singularly important, as the impact of a fatality is obviously ..
very much greater than the impact of a disabling injury. Beyond 11
this, however, it can be shown that for moderately hazardous "
industries (greater than 10 fatalities per 10^ man-hours), the
years of life lost from fatalities are even more than the time II
lost from disabling injuries (ICRP77a). ||

For these reasons, in the comparison of risks of various «
occupations in this paper, only fatalities from accidents and Jl
diseases will be considered. For occupational accidents the
measure employed is the number of fatalities per unit of time
worked; for occupational disease resulting from exposure to toxic Jj
agents this unit is not generally usable for a variety of reasons •'
and the standard method of identifying whether there is an
increased risk of death in an occupation is to compute the |[
standardized mortality ratio (SMR) for the occupation. This is |
the ratio, frequently expressed as a percentage, of the observed
number of deaths among the employees in that occupation to the .
expected, where the expected number of deaths is estimated using I
an appropriate control population similar in both age and sex *
distribution. The measures of fatal accident rate and SMR are
not directly comparable but may be related to each other by I
calculating the average loss of life expectancy (LLE) in both I
instances.

FATAL ACCIDENT RATES IN CANADIAN AND ONTARIO INDUSTRIES

Despite the importance of fatalities, information on fatal I
accident rates in industries in Canada and Ontario is not readily '
obtained. Many safety practitioners prefer to employ disabling
injury rates as a measure of performance. This is understandable I
in small companies where a fatality is a rare event and the fatal |
accident rate is statistically unsound over any reasonable
monitoring period. ••

Some information on fatal accident rates is available from large
companies and from government agencies, such as Workmen's
Compensation Boards, although surprisingly little analysis of I
cross-industry fatal accident rates by occupation, for example, •
is carried out. Figures 1 to 8* present data on fatal accident
rates in various industries and occupations in Canada and I"
Ontario. The fatal accident rate of 175 per 10^ man-hours for I
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demolition workers in Ontario (see Figure 3**) is worth noting.
This means that of 1000 workers in this trade, 140 will be killed
in an on-the-job accident in their working life (40 years).

The data for our own company, Ontario Hydro, is interesting and
could be considered as representative of many industries. The
average corporate fatal accident rate is between 8 and
9 fatalities per 10** man-hours worked based on a ten-year
period. There is, however, a wide variation from this average
across the corporation. The results are shown by occupation and
by division in Figures 7 and 8. It is fairly clear on the basis
of fatal accident experience which groups in Ontario Hydro
require priority attention.

OCCUPATIONAL DISEASE

Fatalities from occupational accidents are readily identified and
fatal accident rates estimated. As was previously discussed, the

( identification and relation of fatalities from occupational
diseases to toxic agent exposures is not as simple.
Traditionally epidemiological studies have been employed to

(
establish standardized mortality ratios. Such studies have shown
associations between lung cancer and mesothelioma and asbestos
exposure; nickel exposure has been related to increased incidence
of respiratory and nasal cancer; and an increase in leukemia

( deaths has been associated with exposure of a work force to
benzene.

) Although epidemiological studies are useful, they require strict
experimental control and extreme care in ascribing a causal
relationship from a correlation. For example, a study of North
American death rates could well show a correlation between the
monthly death rate due to drowning and the consumption of ice
cream. It would be foolish to ascribe the drowning to the ice
cream consumption. Generally, a single epidemiological study

j requires a number of confirmatory studies before a conclusion is
j drawn on a causal factor. An example is smoking where the

initial study implicating smoking has been confirmed by a number
of independent studies and smoking is now accepted as being
causally related to an increased incidence of various cancers.

* Notes to Figure 5. Logging and sawmill fatalities from Forest
Products Prevention Association (Cou82). Pulp and paper mill
fatalities from Ontario Pulp and Paper Makers Safety
Association (Sh82). Man-hour data from Ontario Workmen's
Compensation Board (Hol82) data for rate groups 001 (logging),
008 (sawmills) and 023 (pulp and paper mills). Man-hour data
for rate group 001 partioned according to industry production
man-hour data (Mo82, Ha82, Nu82).

**In Figure 3 only those rate groups with three or more
fatalities are presented, as rates based on one or two fatali-
ties may not be valid.



16
I
e

Acknowledging that extreme care must be taken when drawing
conclusions from epidemiological studies, it is nevertheless
interesting to look at the values of standardized mortality
ratios that have been found to be related to occupation.

In terms of linking disease to occupation, the best available |l
data is for cancer. Bridbord et al_ {Br78) have listed a number "
of occupational groups that have been shown to be at increased
risk of cancer at specific sites. Some of these occupations are II
listed in Table 1 without identification of a specific etiologic (I
agent.

Wider-ranging studies linking occupation with overall mortality II
rate and mortality rates for diseases other than cancer are quite
sparse. One of the more recent studies is one by the Society of
Actuaries (So67) on the experiences of seventeen life insurance jj
companies. The data is from both the United States and Canada H
and spans a ten-year period from 1955 to 1964. Table 2 is an
extract of this data and gives the SMRs for various occupations
having a value greater than 175 for malignancies. Most of the
occupations having a high SMR for malignancies also have a high
SMR for death from all causes.

From this data some remarkably high SMRs are seen for causes of
death other than cancer. Some of these are listed in Table 3.
The difficulty of proving that occupation is the cause of death
is illustrated by liquor dealers and bartenders dying from
cirrhosis of the liver: it is not clear whether the work
environment produces the condition or whether perhaps those with
the condition are attracted to the occupation.

Howe and Lindsay (How82) have derived SMRs for various Canadian
occupations by linking death records with a register of
occupational history for a 10 percent sample of the Canadian
labour force maintained by Statistics Canada. The SMRs were
calculated with respect to the whole 10 percent sample to
eliminate the "healthy worker effect". The authors caution that
the paper is intended primarily to highlight the methodology and
that the results are not definitive because of various
confounding factors and because the large number of comparisons
made will produce some high values by chance. SMRs for lung
cancer and various other cancers are shown in Tables 4 and 5.
These tables show the wide range of SMRs that have been observed
for different occupations.

A significant problem with these studies is that the confounding
effects of socio-economic factors and smoking have not been
allowed for. These effects are of major importance, as Fox and
Adelstein (Fo78) showed in their analysis of occupational
mortality data for the United Kingdom (RG78). They found
considerable variation in the overall age-standardized mortality
rates between 25 broad occupational orders. Considerable
variation in SMR and life expectancy was also found with social
class, as shown in Table 6.
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When the SMRs for the 25 occupational groups were standardized
for social class, the total variation between occupational orders
was reduced by 82 percent. This leaves some 18 percent to be
explained by occupational factors and by confounding factors,
such as smoking habits, which are not completely corrected for by
the social class standardization. Epidemiological studies which
do not take socio-economic factors into account may considerably
overestimate the SMRs attributed to occupational factors.

Cohen (Coh81) has extensively reviewed the variation in risks and
life expectancies for different occupations. In his analysis of
UK occupational mortality data, he made a correction for social
class. Table 7, taken from his work, lists SMRs for overall
mortality and the increase in life expectancy (ILE) for
occupations with low SMRs. Conversely, Table 8 lists SMRs for
overall mortality and loss of life expectancy (LLE) for
occupations with high SMRs. It is noteworthy that the highest
LLE, 2900 days for ship officers, can be equated to a fatal
accident rate of over 300 fatalities per 10^ man-hours.
Furthermore, there is a difference of ten years in life
expectancy between the safest occupations shown in Table 7 and
the riskiest in Table 8.

Finally, to return to Ontario, Figure 9 shows fatal disease rates
for broad groupings of Ontario industries. It is apparent that
mining is particularly hazardous in terms of occupational
disease, presumably because of the large exposures to dust and,
in the case of uranium mining, to radon. During the four-year
period shown, 54 percent of the mining fatalities were ascribed
to occupational diseases.

RISK TO ONTARIO HYDRO NUCLEAR WORKERS

From the data given in Figure 8 it is clear that the fatal
accident risk in nuclear station work is low: there have been no
fatal accidents in over 80 million man-hours worked.

In 1973 a retrospective/prospective epidemiological study of
Ontario Hydro workers was begun. The study is a cohort study
retrospective to 1970 and of course prospective since 1973. The
standard mortality ratio for various work groups have been
determined for various causes of death in the work force since
1970. The results are given in Table 9 (An 82). The results
must be viewed with caution for the following reasons:

the healthy worker effect is undoubtedly present,

the time which has elapsed since the bulk of the work group
exposure is less than thirteen years,

the statistical significance is poor.

With these caveats in mind, the results in Table 9 do
nevertheless give some reason for cautious optimism that, at the
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current exposure levels, the risk of fatal diseases in nuclear
station work is low. Certainly the SMRs for nuclear station I
workers compare favourably with those for other occupations as I
given in Tables 1 through 5 and Table 8.

It is also interesting to compare the SMRs of the various I
occupations given in Tables 1 through 8 with the SMRs of the
Japanese bomb survivors of Hiroshima and Nagasaki (Table 10).
This information is one of the principal studies on which risk I
estimates for exposure to ionizing radiation have been I
made by various authorities such as the International Commission
on Radiological Protection (ICRP), the United Nations Scientific 1
Committee on the Effects of Atomic Radiation (UNSCEAR) and the |
Committee established by the US National Academy of Sciences to
study the Biological Effects of Ionizing Radiation (BEIR).
Except for the >400 rem dose interval, the SMRs are surprisingly \
low. !

With an accumulated population dose for Ontario Hydro's nuclear
station workers of 28 000 man-rem; the Ontario Hydro mortality
study is not statistically powerful enough to estimate the
radiation risk to these workers, or to verify the risk per rem
value of other studies (i.e. one or two additional cancers would
be difficult to establish statistically). On the other hand, it
is highly unlikely that a risk value which was ten times higher
would not have begun to influence the fatalities due to cancer in
the work force.

Another way of considering the risk faced by nuclear station
workers is to use an appropriate risk per rem value and calculate
an equivalent fatal accident rate.

The first column of Table 11 gives the average annual lifetime
doses of work groups in Ontario Hydro's Nuclear Generation
Division. The ICRP recommended value of 10~4 fatalities per rem
(ICRP77b) has been applied to this to give an equivalent fatal
accident rate. In the unadjusted estimation, no allowance has
been made for the fact that for an occupational fatality due to
trauma, the loss of life is from the time of the accident, but in
the case of a fatality due to a malignancy resulting from
occupational exposure to a toxic agent such as radiation, the
years of life lost are much less for two reasons; the radiation
exposure is extended in time and the latency period may vary from
a few years in the case of leukemias to tens of years for solid
tumors.

In ICRP-27 (ICRP77a), it was estimated that the average period of
life lost per fatal malignancy was 10-15 years, as compared to
the average loss of about 30 years of life in the case of an
occupational fatality due to trauma. Based on this, a modifying
factor can be derived and used to adjust the equivalent fatal
accident risk of nuclear workers, thereby taking into account the
fact that fewer years of life are lost due to a malignancy. The
third column of Table 11 has been constructed by applying this
modifying factor.
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The Nuclear Generation Division work group with the highest
average radiation exposure is mechanical maintenance. This group

{ has an estimated equivalent fatal accident rate of 2.0 fatalities
per 10^ man-hours. Since there have been no on-the-job
fatalities to NGD workers in over 80 million man-hours, the total

( fatal accident rate for this work group compares favourably with
other industries, even though no allowance has been made for the
possible effects of toxic agents associated with other
industries.

I
I

I
I
I
I
I
I
I
I

DISCUSSION AND CONCLUSIONS

The data presented here on occupational fatal accidents show a
wide variation in the fatal accident rate from industry to
industry with some industries in Ontario having a rate ten times

I greater than the average for the Province. Within a given
industryy the variation in rate from the average is almost the
same size, which means that in specific occupations fatal
accident rates may be 50 times the provincial average.
Industries and occupations with such high rates require *-f
industry and regulatory agency priority and attention, although
the rate is obviously not the only consideration. The total
number of fatalities occurring must also be taken into account.

There is a surprising variation in SMRs over various occupations
and industries. The variation may not be primarily due to
occupational factors, as is illustrated by the effect of social
class on the UK data. Confounding factors such as this and
smoking make it necessary for extreme care to be taken in drawing
conclusions from epidemiological studies. Nevertheless, such
studies have played an important role in the past in identifying
harmful agents in various occupations, and will continue to do
so.

The importance of the work of Cohen in attempting to establish a
common base (loss of life expectancy) in comparing fatal accident
rates with standardized mortality ratios cannot be
overemphasized. This type of information, along with knowledge
of the costs associated with the reduction in the risks, enables
rational decisions to be made in the allocation of limited
resources.

Here in Canada this approach has been advocated by Siddall
(Si79). Although perceived risks must be acknowledged,
professionals in health and safety must rely on rational
knowledge of risks and the factors associated with their
reduction.
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Figure 1

Fatal Accident Rates for Canadian Industries
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Figure 2

Fatal Accident Rates for Ontario WCB
Schedule 1 Industries (1977-1980) Réf. (Le 82)
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Figure 3

Fatal Accident Rates For The 10 Schedule 1
Rate Groups Having The Highest Accident Rates*

in Ontario (1977-1980) Ref.(Le 82)
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Figure 4

Fatal Accident Rates for Work Classifications
in Ontario Construction (1976-1981) Ref.(Ba 82)
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Figure 5

Fatal Accident Rates for the
Ontario Forest Industries (1972-80)
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Figure 6

Fatal Accident Rates for
Canadian Utilities (1972-1981 ) Ret ( CEA )
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Figure 7

Fatal Accident Rates of
Major Work Groups in Ontario Hydro

(1972-81)
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Figure 8

Fatal Accident Rates of
Divisions of Ontario Hydro (1972-81)
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Cancer

Occupational Group

Chemists

Textile Workers

Metal Miners

Cadmium Production
Workers

Tire Building

Furniture Workers

Table 1
Occupations in Which Excess
Incidence Has Been Reported

Cancer Site(s)

Pancreas
Lymphomas

Mouth & Pharynx

Lung

Lung
Prostate

Bladder
Brain

Nasal Cavity &
Sinuses

(Br78) '

Standardized 1
Mortality
Ratio(%)

164
179

177

300 I

235
348

188
190

400-500
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Table 2
Standardized Mortality Ratios (SMR) for Various Occupations
Having a Ratio Greater Than 175 for Malignancies (So67)

1 Occupation

I Structural Iron: Supervisors
and Workers

SMR(%)

Cancers

262

255

227

217

213

All Causes

210

140

168

179

193

| Laundry Workers

Railroads: Firemen

' Garbagemen (Public)

I Truck Drivers

Underground Mining: Machinists
• and Mechanics 211 203

Keepers and Managers (Liquor
Principal Business) 208 164

I Liquor: Retail Dealers 190 167

I Underground Mining:
Non-Metal, Non-Coal Miners 184 259

I
Metals: Buffers and Polishers,
Grinders 179 131

Labourers: Trade 178 138

I Liquor: Salesmen (Outside) 176 164

I
I
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Table 3
Standardized Mortality Ratios {SMR) for Various Occupations

From Causes Other Than Cancer (So67)

Occupation

Underground Mining:
Coal Miners

Liquor: Retail Dealers

Liquor: Retail Dealers

Bartenders

Lumbermen: All Areas

Cause SMR(%)

Pneumonia, Influenza
and Tuberculosis 1111

Digestive {Other Than 1094
Cirrhosis of Liver)

Cirrhosis of Liver 1053

Cirrhosis of Liver 1037

Non-motor Vehicle
Accident and Homicide 1009

Table 4
Standardized Mortality Ratios (SMR) for Various Canadian
Occupations for Lung Cancer Deaths (Males Only) (How82)

Occupation

Bartenders

Messengers

Bricklayers, Stonemasons, Tilesetters

Fitters and Assemblers - Metal

Plumbers & Pipefitters

Inspectors - Metal

SMR(%)

213

182

176

170

168

162



I
I
Ï
f
I
I
I
I
I
I

Table 6
Differences in Standardized Mortality Ratio (SMR) and Life

Expectancy for British Social Classes (Fo78)

33

Standardized
Occupations

Occupation

Waiters

Bartenders

Service Station
Attendants

Sales Clerks

Messengers

Bartenders

* Significant at

Table 5
Mortality Ratios (SMR) for Various Canadian
for Various Cancer Sites (Males Only) (How82)

Cause of Death

Buccal Cavity and Pharynx
Except Lip

Buccal Cavity and Pharynx
Except Lip

Bladder Plus Other Urinary
Organs

Prostate

All Cancers

All Cancers

the 0.1% confidence level.

SMR(%)*

718

635

529

258

182

175

I

II

III N

III M

IV

V

Social Class

Professional, Managerial

Intermediate

Non-manual Skilled

Manual Skilled

Partly Skilled

Unskilled

SMR (%)

77

81

99

106

114

137

Increase in
Expectancy

580

480

25

-150

-350

-920

Life
(days)
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Table 7
Standardized Mortality Ratios (SMR) for

British Occupational Groups with Low SMRs (Coh81)

Occupation

Engineering Foremen

Paper Products Makers

Electrical Engineers

Builders Labour

Electrical Fitters

University Teachers

Managers - Building

Press Workers, Stampers

Local Senior Officers

Postmen, Mail Sorters

Packers, Labellers

Engineering Trades Labour

Raw

47

50

42

80

67

49

54

78

57

81

83

101

SMR (%)
Soc. Class

45

47

56

57

64

64

66

69

70

72

73

75

Increase in Life
Expectancy
ILE (days)

1380

1330

1110

1080

900

900

850

780

750

700

690

630

fi
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Table 8
Standardized Mortality Ratios (SMR) for

British Occupational Groups with High SMRs (Coh81)

Occupation

Ship Officers

Ship or Barge Workers

Electronic Engineers

Publicans, Innkeepers

Garage Owners

Steel Erectors, Riggers

Actors, Musicians

Fatal Accident Rate of 100
Fatalities per 10^ Man-hours

Raw

175

233

145

155

140

164

124

SMR (%)
Soc. Class

216

205

196

190

173

158

154

Loss of Life
Expectancy
ILE (days)

2900

2600

2400

2250

1830

1450

1350

* Estimated from Table 3 of Cohen (CohSl)

925*
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Figure 9 <*

Fatal Disease Rates for Ontario WCB
Schedule/Industries (1977-1980) Ret. (Le 82)
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Table 9
Ontario Hydro

Standardized Mortality Ratio*
(Ref An82)

All Causes

Neoplasms (Cancers)

Circulation
(Heart, Stroke)

Accidents
(Occupational and
Non-Occupational)

All Other Causes

Nuclear

60

(58)

(49)

92

(8)

Thermal

69

97

67

54

59

Other

81

88

87

72

57

Total

80

87

86

73

56

* Observed deaths expressed as a percentage of predicted deaths
(based on cumulative experience 1970-1981).

Parentheses indicate results based on less than 10 observed
deaths.

Table 10
Cancer Mortality in Hiroshima

and Nagasaki (1950-1974) (Be78)

Mortality Ratios* for Various Dose Groups

Cause of Death

Leukemia

All Other
Cancers

1-9
rads

62

97

10-49
rads

76

102

50-99
rads

96

103

100-199
rads

281

114

200-299
rads

577

139

300-399
rads

1000

105

400+
rads

1250

158

* Observed deaths expressed as a percentage of expected
deaths based on Japanese National Statistics.
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Table 11
Equivalent Fatal Accident Rnte of

Nuclear Generation Division Work Groups

Work Group

All Nuclear Employees
(5901 Employees)

Mechanical Maintainers
(709 Employees)

Operators
(974 Employees)

Control Maintainers
(608 Employees)

Service Maintainers
(727 Employees)

Annual Lifetime*
Average Radiation
Dose (rem/year)

0.43

0.99

0.80

0.49

0.19

Equivalent Fatal Accident Rate**

Unadjusted Adjusted***
(Number/10° Man-hours) (Number/108 Man-hours)

2.2

5.0

4.0

2.4

1.0

0.9

2.0

1.6

1.0

0.4

* Ontario Hydro's computer based dose record system as of the end of 1981.

** Due to exposure to ionizing radiation assuming a risk per rem value of 10"^.

*** Adjusted to account for reduced years of life lost in the case of malignancies.
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FOLLOW-UP OF IRRADIATED HUMAN POPULATIONS

D.K. Myers
Radiation Biology Branch

Chalk River Nuclear Laboratories
Atomic Energy of Canada Limited
Chalk River, Ontario KOJ D O

USUAL POPULATION EXPOSURES

Radioactive materials have existed since the beginning of the universe and
humar. beings have always been exposed to low doses of ionizing radiation
from natural sources. Our average exposures to external and internal
sources of radiation are further increased by various human activities.

Table 1
» Average annual radiation dose in North America

Radiation Source Annual dose
(mSv/year)

I Natural background 1
Radon in buildings M equivalent

t Medical diagnoses 1

All other sources combined * 0.1
(weapons fallout, air travel, nuclear power3

I fossil fuels, television, luminous dials, ate.)

References: UNSCEAR 1977, BEIR 1980, UNSCEAR 1982.

Natural background sources consist of cosmic radiation, radiation from the
soil and rocks, and radiation from the natural radioactive constituents of
our own bodies (notably potassium, an essential constituent of all living
things); the exposures are fairly uniform but may vary by about three-fold
from one part of the country to another, or about ten-fold from one part of
the world to another, due to variations in altitude and in the
radioactivity of the soil. Radon diffuses out of the soil everywhere and
together with its daughter products tends to accumulate in the air inside
buildings and other enclosed spaces; the concentrations may vary more than
ten-fold from one building to another and the resulting radiation exposures
are confined primarily to the lung. Exposures from medical diagnoses are
of course highly non-uniform, both from one person to another (Taylor 1979)
and from one portion of the body to another; the particular value given in
Table 1 was calculated with attention to the average dose to bone marrow.
According to a recent report (BEIR 1980), about 50% of the population is
exposed to diagnostic X-rays and about 5% to radiopharmaceuticals each
year. The average radiation exposures are in roughly the same proportions,
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with about 85% of the average tv>ne marrow dose arising from X-ray? and 15%
from radiopharmaceuticals.

Radiation doses were previously expressed in "rem", a traditional unit
which has been in use for many years and which was defined as "the absorbed
dose of any ionizing radiation which has the same biological effectiveness
as one rad of X-radiation" (ICRP 1955). The radiation protection field is
currently in the process of adapting to SI units, in the same way as
Canadians in general are adapting to the use of kilometres in place of
miles; for comparison, one rem equals 10 mSv. The average person in the
general population receives an effective dose equivalent of 10 mSv every
three years approximately (Table 1). The major point to be emphasized,
regardless of whicn units are used, is that X-rays are the standard with
which all other types of radiation are compared and that allowance is
always made for the fact that different types of radiation may produce more
or less biological effect than X-rays per unit of energy absorbed.

The numbers given in Table 1 may appear more meaningful if we transform
them into predicted deleterious health effects in a population that is
exposed at the above levels continuously for many decades.

Table 2
Potential health effects of average population exposures

Radiation
source

Natural background
Radon in buildings
Medical diagnoses
All other sources combined

References: UNSCEAR 1977, BEIR 1980.

The derivation of the above numbers will be discussed below. It might
however be noted that the genetically-significant doses from medical
diagnoses are relatively small. The potential health effects of these low
radiation doses are much too small to be detectable against a background
that shows considerable temporal and geographical variations due to other
environmental factors that produce exactly the same kinds of deleterious
health effects as does ionizing radiation (BEIR 1980).

The values given in Table 2 are based upon the generally-accepted risk
estimates provided by recent scientific committees (UNSCEAR 1977»
ICRP 1977, BEIR 1980); these have not been greatly altered since 1972
{UNSCEAR 1972, BEIR 1972) or indeed since 1966 (ICRP 1966). The 1980 BEIR
report does suggest upper and lower limits to the uncertainties in these
risk estimates, which indicate that the proportion of fatal cancers caused

I of all
fatal cancers

0.5
0.5-1

0.5
< 0.05

% of all
genetic diseases

0.5

-̂  o
0.1

< 0.05
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by natural background radiation or alternatively by medical diagnoses might
range from less than 0.1% to about 2%. Individual scientists (for example,
Archer 1978) have on occasion suggested that these values might be in error
by as much as 100-fold and that 40 to 50% of human cancer may result from
background radiation. The epidemiological basis for this suggestion was
reviewed in the 1980 BEIR report where it was rejected. It is however
worth noting that if this suggestion were true, then the use of X-rays and
radiopharmaceuticals for diagnoses by physicians would also be responsible
for some 40 to 50% of all cancer. There is no evidence to support this
hypothesis and a value of 0.5% of all fatal cancers caused by medical
X-rays seems more reasonable; this would correspond to about 0.1% of all
deaths in Canada.

ASSESSMENT OF LATE EFFECTS OF LOW RADIATION DOSES

The discovery of X-radiation was reported by Roentgen in 1895; the
discovery of natural radioactivity was reported by Becquerel in 1896.
Rapid advances in knowledge followed these two reports. Withir. a few years
after Roentgen's initial discovery, X-radiation was being used for medical
diagnosis and for the treatment of certain skin diseases including skin
cancer. However, it soon became apparent that high doses of ionizing

( radiation were also dangerous to humans and to other animals. The first
skin cancer caused by repeated exposure to high doses of X-rays was
reported in 1902. Thus ionizing radiation was added to the list of

( chemicals and other agents which are known to cause cancer; this list
started with the identification of chimney soot as a cancer-producing agent
in 1775, continued with arsenic in 1822, paraffin oil and coal tar in 1876,

(
sunlight in 1894 and has now been extended to include over 2000 different
agents which are suspected to produce cancer and about 30 agents known to
cause cancer in humans.

I Over the past three decades in particular, a great deal of effort has been
devoted to the quantitative assessment of radiation hazards to humans and
other living organisms. These hazards are generally considered by
scientists to be better understood than those of any other environmental
agent.

The currently accepted estimates of radiation hazards to man are usually
taken from two sources: publications on the Biological Effects of Ionizing
Radiation (commonly known as the BEIR reports) prepared by advisory
committees for the U.S. National Academy of Sciences, and the most recent
publications of the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR reports). Relevant publications of the
International Commission on Radiological Protection (ICRP) and of the U.S.
National Council on Radiation Protection and Measurements (NCRP) ere also
considered. Each of these reports represents the general conclusions of
about 15-80 scientists who met to review the assembled evidence and
attempted to arrive at a reasonable consensus on the significance of data
published in the scientific literature. The names of the scientists
concerned are published in the respective reports. Frequently many of the

I
I
I
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scientists on ICRP are also on UNSCEAR, but there is little or no overlap
in the list of names of scientists responsible for the recent UNSCEAR, BEIR .
and NCRP reports. The BEIR committee consisted largely of scientists from I
the U.S.A.; most of these scientists came from university departments and '•
hospitals with a minority fron national laboratories. Each of the numerous -
NCRP reports is usually assembled by a different group of scientists |
selected from various U.S. universities and national laboratories on the |
basis of their expertise in a given area. The ICRP and UNSCEAR committees
are both international in scope and include scientific experts from most ,,
parts of the world. The ICRP is responsible to the International Congress
of Radiology while UNSCEAR reports to the General Assembly of the United
Nations. Members of the ICRP, which was founded in 1928, are "chosen on
the basis of their recognized activity in the fields of medical radiology, |j
radiation protection, physics, health physics, biology, genetics, i:
biochemistry and biophysics, with regard to an appropriate balance of
expertise rather than to nationality" (ICRP 1977). However, the current r
membership of ICRP and its associated committees, which is revised every
four years, does include scientists from a wide variety of countries around
the world including, for example, Argentina, France, Germany, Japan,
Poland, Sweden, U.S.S.R., U.S.A. and U.K. UNSCEAR currently consists of
physicians, geneticists, biologists, physicists and other scientists from
20 countries in different parts of the world [Argentina, Australia,
Belgium, Brazil, Canada, Czechoslovakia, Egypt, France, Germany (Federal
Republic), India, Indonesia, Japan, Mexico, Peru, Poland, Sudan, Sweden,
the U.S.S.R., U.K. and U.S.A.] plus observers from other international
organizations such as ICRP, International Atomic Energy Agency,
International Commission on Radiation Units and World Health Organizations.
The scientific representatives from Canada at recent UNSCEAR meetings have
come from the National Research Council, Health and Welfare Canada, Atomic
Energy Control Board, Atomic Energy of Canada Limited Research Company, and
Environment Canada. Comments on some draft UNSCEAR documents were also
solicited from nuclear medicine experts in major hospitals in Canada.

There is no major discrepancy in the estimates of biological hazards that
were derived by these different groups of scientists, which is not
surprising in view of the fact that the same primary data were considered.
At low doses, the potential late effects of concern are (a) induction of
genetic changes in the progeny of exposed persons, and (b) induction of
leukemia and other types of cancer in exposed persons. There was initially
some concern that non-specific ageing might also be produced by radiation.
Greying of the hair and other effects associated with ageing can certainly
be produced by very high local doses of radiation. However, it is the
considered opinion of the scientific community that these non-specific
effects do not occur at doses of radiation below about 3 Sv (ICRP 1966,
BEIR 1980, UNSCEAR 1982). There is, I believe, one individual (Bertell
1977) who still works on the assumption that low doses of radiation cause
non-specific ageing effects proportional to radiation dose. However, there
is a large amount of evidence, both in animals and in humans, to indicate
that this assumption is wrong. The topic has been carefully reviewed by
scientific committees and it is their agreed opinion that any shortening of
the life-span at low radiation doses is due solely to induction of cancer
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with no other non-specific ageing effects (BEIR 1980, UNSCEAR 1982). For
this reason, this presentation will concentrate solely on genetic effects
and cancer induction.

(a) Genetic Effects. There is no statistically significant change in any
of a variety of genetic end-points in the children of persons exposed to
relatively high radiation doses in 1945 at Hiroshima and Nagasaki (Schull
1981). Studies on children of parents who were exposed to medical X-rays
have not yielded any consistent results. There is no significant increase
in the incidence of genetic diseases in children born to persons living in
areas of the U.S.A. or China where natural background exposures are two or
three-fold higher than normal. A reported increase in incidence of Down
syndrome in children living in a high background area in Kerala, India
(Kochupillai 1976) has been disputed by other Indian scientists (Sundaram
1977).

These data, which have been reviewed in UNSCEAR 1977, UNSCEAR 1982 and BEIR
1980, are usually interpreted to mean only that the number of genetic
changes induced in these persons must have been too small to be clearly
measurable. Induction of genetic changes by radiation can certainly be
demonstrated in carefully controlled experiments with microorganisms,
plants, insects and other animals; thus it is only reasonable to assume
that similar changes must occur in humans even if direct proof is lacking.
Estimates of genetic risk in humans are derived primarily from two sets of
data: first, estimates of the frequency of occurrence of diseases in

( humans that have a genetic component and that would be increased in some
proportionate amount by radiation; second, measurements of rates at which
particular genetic changes (e.g., coat colour changes, skeletal

( abnormalities) are produced in mice by given doses of radiation (UNSCEAR
1977 and 1982, BEIR 1980). Dr. H.B. Newcombe, at the Chalk River
laboratories, and other Canadian scientists associated with him played a

I
major role in the research required to obtain the first set of data.
Evidence from studies on organisms other than mice and humans is also
considered. Animal experiments are also used to determine the effects of
dose rate and the relative biological effectiveness of different types of

( radiation. On the basis of all of these data, it has been concluded that
the total number of extra cases of genetic disease produced in the progeny
of parents exposed to 10 mSv to the gonads is about 0.0002 or 2 x 10~4

I (ICRP 1977), with about a four-fold range of uncertainty in either
direction (UNSCEAR 1977, BEIR 1980). Some 10-30% of these cases should
appear in the first generation after irradiation; others, such as those due

I
to recessive mutations, might not appear for many generations but recessive
mutations account for only 1% of all genetic disorders (UNSCEAR 1977, BEIR
1980) and contribute very little to the estimates of total genetic risk.

The best evidence for a linear dose-response relationship comes from
studies of genetic changes caused by radiation in plants and
microorganisms; in certain cases, it can be shown that the
radiation-induced response is directly proportional to accumulated dose
with no evidence of either a threshold or other deviations from linearity
even at ^ery low radiation doses (see, for example, Fig. 1). Genetic
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Ichanges in mice and other animals cannot be studied with a similar

precision at low radiation doses in the region of 10 mSv, but it is only m
reasonable to assume that the dose-response relationship for humans and I
other animals contains a similar linear component. For this reason,
agencies concerned with radiation protection since the 1950's have made the
assumption that no radiation level can be regarded as absolutely "safe" II
(ICRP 1955, ICRP 1959). H

The genetic risk estimates given above are intended to be applicable at low n
doses or low dose-rates of radiation of any kind. Fxposure to ionizing jj
radiation does not produce new kinds of genetic diseases and the usual
population exposures from natural background radiation are thought to be ..
responsible for about 1 case in every 200 of those cases that normally I)
exist in human populations (Table 2 ) . ';

Over the years, the accepted estimates of risk of genetic changes induced I
by exposure to ionizing radiation have tended, if anything, to be reduced |
as more information has been accumulated (see reviews in ICRP 1966, BEIR
1972, BEIR 1980, UNSCEAR 1972, UNSCEAR 1977, UNSCEAR 19 8 2 ) . The major ,
problem stems from the fact that these radiation effects are too small to ;

be directly measurable in human populations. The reasons for this fact can
be illustrated by the analysis of data on 70,082 infants born to survivors
of Hiroshima and Nagasaki (Schull 1981, Neel 1982). From this analysis, it
can be concluded that any risk of an untoward pregnancy outcome (defined
"as a stillbirth and/or major congenital defect and/or death during the
first post-natal week") induced by exposure of the parents to 10 mSv of
radiation was approximately 10,000 times smaller than the risk of a similar
event resulting either from the marriage of first cousins or from twin
births.

In laboratory experiments, parental male mice have been repeatedly exposed
to relatively high radiation doses (e.g., 9 Sv for each of eight
generations, 3 Sv for 15 generations, or 2 Sv for 35 generations), so that
the cumulative radiation exposure to the males of all of the combined
generations approached 40-70 Sv*. Despite these high doses, no change in
the general health or fitness of the offspring could be detected in any of
the experiments (Green 1968, Newcombe 1971). It is possible that these
negative results could be ascribed to the relatively small size of the
experiments and their inability to detect "small genetic variability".
However, these experiments provide further reason to believe that even
large radiation exposures over many generations would not have any drastic
effect on the health and fitness of human populations.

(*The appropriate unit of dose for these experimental data is actually the
gray (Gy), since the Sv is intended solely for dose equivalents received
at low dose rate within the limits set by occupational exposure
recommendations. If the dose-response relationship is linear, the above
doses can however be expressed in Sv for a rough comparison of expected
effects.)
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Table 3
Sources of human data on radiation-induced cancer

Group of persons

Military uses:

Hiroshima-Nagasaki survivors

Fallout from weapons testing:
Marshall islands
Utah

Occupational exposure:

Early radiologists
Recent radiologists
Luminous dial painters

(Ra-226,a )
Uranium and other miners (a)
Workers in nuclear ."acilities

Medical exposure:

Type of cancer detected
in excess of normal

Leukemia, breast, thyroid
and other types of cancer

Thyroid
None (?)

Leukemia (and skin cancer)
None
Bone; nasal sinuses

Lung (and skin cancer)
None (?)

X-ray treatment for ankylosing
spondyl i t is

X-ray treatments for r ing worm
of scaip and enlarged thymus

X-ray fluoroscopy for pulmonary
tuberculosis

Ra-224 in ject ions for spinal
tuberculosis and ankylosing
spondyl i t is (a)

Ra-226 in patent medicines (a)
Thorotrast as X-ray contrast

material (a)
X-ray diagnostic procedures in

pregnant women
1-131 for thyroid scan or

treatment

High natural background exposures
(0.2-0.3 rem/year)

Colorado plateau
Certain areas in China

Leukemia and other types of
cancer
Thyroid (and skin cancer)

Breast

Bone

Bone
Liver cancer, leukemia

Childhood leukemia (?)

None

None
None
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(b) Induction of Cancer. Groups of people who have been extensively
examined in fol Tow-up studies are shown in Table 3. Good epidemiology has
been required to measure the late effects of whole body radiation. For
example, less than 5% of all deaths that have occurred since 1950 in the
survivors from Hiroshima and Nagasaki can be ascribed to radiation-induced
cancer (UNSCEAR 1977).

Radiation exposures, either to the whole body or to individual organs, have
been estimated for each of the above groups. The calculated exposures are
probably only accurate to witnin a factor of about two in many cases but
reasonable estimates of the risk of inducing excess cancers per unit of
exposure can be made from the assembled data (UNSCEAR 1977, BEIR 1980). At
low doses of X, gamma, or beta radiation, this risk of fatal cancers is
taken to be about 0.0001 or 1 x 10~4 per 10 mSv of whole body radiation
in males and about 1.5 x 10"4 in females (ICRP 1977), the difference
being due to the added risk of inducing breast cancers in females.
Approximately the same probability exists for induction of non-fatal or
curable cancers; thus the total risk is estimated to be about 2-3 x
10~4 per 10 mSv (with perhaps a three-fold range of uncertainty in
either direction). That is to say, there is predicted to be 2-3% chance of
developing a cancer as a direct result of whole body exposure to an
accumulated dose of 1000 mSv or 1 Sv. As the dose is reduced, the risk is
assumed to be reduced proportionately (Table 4).

Table 4
Causes of death at various levels of radiation to the whole body

Deaths per 10,000 males
Radiation
dose (roSv)

1000
100
10
1
0.1

References: UNSCEAR 1977, ICRP 1977, ICRP 1978.

Risk estimates for exposures of individual organs have also been calculated
from the data obtained on the groups of people listed in Table 3. These
estimates (Table 5) are in reasonable agreement with the ranges of values
given in BEIR 1980.

The estimates given in Table 5 are average values for the whole population
and are not necessarily constant throughout life. For example, the risk of
inducing leukemia is thought to be about twice as high in children under 10
and in older persons over 50 as it is from age 10 to 50. The risk of

Radiation-induced
cancers

100
10
1
0.1
0.01

Other causes

9900
9990
9999

10000
10000
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Table 5
Risk estimates for individual organs at low doses of

gamma- or X-radiation

Tissue

Bone marrow
(leukemia)

Bone
Lung
Thyroid
Breast (females only)
All other tissues combined

% chance of
fatal cancer

per Sv

0.2

0.05
0.2
0.05
0,5
0.5

% chance of
curable cancer

per Sv

^0

^ 0

1
0.5

* 0.5

References: ICRP 1977, UNSCEAR 1977.

inducing breast cancer, which is influenced by hormonal factors, is thought
to be nearly zero in female children under 10 and to reach a maximum in
adolescent females age 10 to 19. The risk of inducing lung cancer is also
thought to be nearly zero in children under age 10 but to increase steadily
as the person becomes older (BEIR 1980); this particular result may be due
at least in part to secondary interactions with cigarette smoking. Further
details of suggested age effects can be derived from Table V-14 in the 1980
BEIR report.

I There is not much more to say about these risk estimates except to
emphasize the fact that the responsible national and international
committees have reviewed all of the available scientific literature that

( was considered relevant. This includes all available data on effects of
low dose rate versus high dose rate and low doses versus high doses. There
are no new published data of which I am aware to suggest that revision of
the risk estimates for whole body irradiation would be justified.

• Further comment on effects of inhaled radon daughters and ingested radium
may however be particularly relevant to the topic of uranium mining. An

( excess of lung cancers has been observed among several groups of miners
exposed to high concentrations of radon daughters in mine air (see Tai>le
3): uranium miners in Colorado, Czechoslovakia and Ontario, fluorspar
miners in Newfoundland, and several groups of non-uranium miners working in
hard rock mines in England and Sweden. The results of these
epidemioiogicai studies are reviewed in UNSCEAR 1977 and BEIR 1980. The
risks are traditionally expressed per working level month (WLM). (This
unit of exposure is expected to be phased out in future; at a breathing
rate of 1.2 L/min, 1 WLM = 4 mJ inhaled potential alpha energy.) In risk
estimates given by various agencies (UNSCEAR 1977, BEIR 1980, ICRP 1981),
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different degrees of confidence were expressed concerning the various
follow-up studies. UNSCEAR 1977 and ICRP 1981 (see Jacobi 1931) also
extrapolated from observed risk per unit dose over some ?0 years to
projected lifetime risk. Minor differences in their final ranges of risk
estimates are mainly due to the various weights given to the different
studies and to the various models used to extrapolate from observed risk
over limited periods of observation to predicted lifetime risk. These
estimates based on epidemioiogicai data cover a r-înge from 0.7 x 10"^
to about 6 x 10"4 lung cancers per WLM (UNSCEAR 1977, 8EIR 1980, ICRP
1981). The only new report on this topic is by Cftovil (1981) but any risk
estimates that could be derived from this latter report would not fall
outside the above range. The 1981 ICRP report quite correctly pointed out
that the major uncertainty of the epidemioiogicai approach results from the
low reliability of the exposure data for past miners; these uncertainties
approach several-fold in most cases for the earliest periods of time when
radon daughter concentrations in the mines were very high and uncontrolled
and when most of the past exposures occurred. The ICRP therefore also
adopted a dosimetric approach to the problem. This involves the
calculation of radiation doses from inhaled radon daughters to different
portions of the lung (as well as to other tissues in the body). After
consideration of the results of both the epidemiological and dosimetric
approaches, ICRP 1981 recommended 1.65 x 10"^ lung cancers per WLM as
the best single value for estimating the hazards of inhalation of radon
daughters averaged over a working lifetime.

Thoron daughters are also a problem in certain mines (and houses), but
there are no epidemioiogicai data from which the hazards of inhalation of
thoron daughters can be estimated. Dosimetric calculations indicate that
the risk of deleterious health effects following inhalation of thoron
daughters would be about three times smaller per WLM than for radon
daughters (ICRP 1981).

Radium-226 is another natural radioactive material formed from uranium-238
and is present in small amounts in most drinking water and foodstuffs
(UNSCEAR 1977). The concentrations of radium in drinking water in most
Canadian cities and towns do not normally exceed 0.01 Bq per litre*.
Concentrations of 0.2-0.4 Bq radium per litre are however not uncommon in
well and mineral waters in certain areas of the world including parts of
North America. This radium comes from natural sources and is not due to
uranium mining. Since radium behaves like calcium, some of it tends to
settle in the bones after it has entered the body, especially if the diet
is low in calcium. Data on health effects of radium come primarily from
follow-up studies on about 900 patients injected for therapeutic reasons

(*A becquerel or Bq corresponds to one radioactive disintegration per
second; the adult human body normally contains about 4,000 Bq of
radioactive materials, mainly potassium-40, from natural sources. We
normally ingest on the average about 0.05 Bq radium-226 per day from
natural sources and inhale about 1,000 Bq of radon plus radon daughters
per day, again from natural sources.)
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• with radium-224 in Germany, and about 2000 dial painters and other persons
in the U.S.A. who ingested appreciable quantities of radium-226 (see

I Table 3). Excess bone cancers appeared in both groups; in the persons with
high doses of radium-226, sinus carcinomas also appeared. The BEIR 1980
and and UNSCEAR 1977 reports derived risk estimates from the above

I epidemioiogicai data. The lifetime risk estimates for bone cancers from
radium-224 were about 1.4 x 10"^ per 10 mSv of dose to bone surfaces
"for protracted irradiation continuing over several years". The

I
epidemioiogicai data on radium-226 are somewhat different from other data
in that no excess bone cancers have been observed in persons with less than
about 30,000 Bq radium-226 in their bone and the dose-response curve
appears to be quadratic rather than linear (UNSCEAR 1977, BEIR 1980). For

( radiation protection purposes, it is however assumed that radiation from
radium-226 will be equally hazardous to that from radium-224; allowance is
also made for potential effects of the radium which is present at lower

• concentrations in other tissues of the body (ICRP 1979).

The recommended limit for radiation workers is 100 Bq of radium-226 per
litre of drinking water (ICRP 1979). This maximum permissible intake for

I radiation workers, which was established to limit radiation doses to bone
surfaces, is thought to be equivalent in potential health hazard to about
20 mSv of whole body radiation per year and should result in the

( accumulation of about 5,000 Bq of radium-226 in bone. Roughly 90% of the
maximum dose rate to bone resulting from continuous ingestion of water
containing the same concentration of radium-226 would be reached within 2-3

I
years (ICRP 1973, Johnson 1981). Applying the ALARA principle, the
Canadian federal guidelines for maximum permissible and desirable or
"target" concentrations in drinking water for the general public have been
set at one-hundredth and one-thousandth of the maximum recommended limit
for radiation workers (HWC 1978).

I
I

I

Table 6
Maximum permissible concentrations of radium-226

in drinking water

Concentration Approximately
Limit in drinking water equivalent health

(Bq per l i t r e ) hazard in mSv
per year

Radiation workers 100 20
(ICRP 1979)

Canadian public (HWC 1978)
- maximum permissible 1 0.2
- maximum desirable 0.1 0.02
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PREDICTION OF HEALTH EFFECTS OF LOW-LEVEL RADIATION

Using the risk estimates derived from follow-up of irradiated human
populations, and assuming that effects are directly proportional to the
accumulated radiation dose received (Table 4), one can then predict the
effects of exposures of workers or of the general population to various
levels of ionizing radiation. As an example, one could consider the
potential hazards caused by ingestion of various amounts of radium-226
(Table 8). These hazards are extremely low under federal standards for
radium in drinking water. For continuous exposures at the maximum
acceptable concentration, the probability of serious deleterious health
effects of any kind is expected to be about 3 per million persons per year
and at the target concentration, 3 per ten million persons per year.
Effects of this order of magnitude cannot be measured but can be predicted
on the basis of reasonable assumptions including a linear dose-response
relationship. At either of the above concentrations, the effects of radium
in the water on the health of plants, fish or other living organisms in the
water will be non-detectable. Other examples of the calculation of
predicted effects of radiation from various sources can be found in EPA
1979 or in Table 2 above.

All of these calculated predictions depend on the assumption of a linear
non-threshold dose-response model (Table 4). There is fairly good evidence
from laboratory studies on micro-organisms to support this assumption in
the case of genetic changes induced by radiation (Fig. 1). In the case of
radiation-induced cancers, this assumption remains a very reasonable
hypotnesis whose applicability can neither be proven nor disproven at very
low radiation doses.

The major reason why this hypothesis cannot be proven is illustrated in
Fig. 2. There is no increase in cancer mortality (or, for that matter, in
birth defects which might have a genetic component) in human populations
living in areas of the U.S.A. where natural background levels are higher
than normal. The 1980 BEIR committee noted that these types of studies "do
not constitute a sufficient basis for deciding whether one or another type
of environmental factor, such as background radioactivity, is related to
cancer rates" and further concluded that they did not "know whether dose
rates of gamma or X-rays of about 100 mrads/year [1 mSv per year2 are
detrimental to man. Any somatic effects at these dose rates would be
masked by environmental or other factors that produce the same types of
health effects as does ionizing radiation."

Further comment on extrapolation from the probability of inducing cancer by
high radiation doses to effects at low doses however may be useful. For
high LET or densely-ionizing radiations (resulting from exposure to, for
example, alpha particles or neutrons), direct linear extrapolation from
effects observed at high doses and high dose rate may actually
underestimate the effects observed at low doses and low dose rate (BEIR
1980); this factor is taken into consideration wherever possible in
deriving appropriate risk estimates (UNSCEAR 1977, BEIR 1980). For low LET
or sparsely-ionizing radiations (e.g. beta-, gamma- or X-rays), a similar
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extrapolation may overestimate effects observed at low doses and low dose
rate (UNSCEAR 1977, NCRP 1980, BEIR 1980). This factor is also taken into
consideration in the derivation of risk estimates from the folîow-up of
irradiated human populations.

I The majority of the 1980 BEIR committee appears to have agreed that the
linear-quadratic model (Fig. 3) was the most appropriate for interpretation
of data on cancer induction by low-LET radiation. The simple linear

I extrapolation from effects at moderately high doses would predict a risk of
fatal cancers about 2.4 times higher than the linear-quadratic model (BEIR
1980). The 1977 UNSCEAR report, on which the ICRP risk estimates in Tables
4 and 5 seem to be based, also applied a correction factor of 2-fold on the

I pragmatic basis that moderately low doses of radiation appeared to induce
about half as many leukemias per unit dose as did high doses in humans.
The ICRP 1977 report, like UNSCEAR 1977, indicated that at still lower

I doses the actual risk "may be lower than that implied by a deliberately
cautious assumption of proportionality". However, this suggestion was
reversed in the ICRP 1978 statement to the effect that <:These risk

I
estimates [see Tables 4 and 5] are intended to be realistic estimates of
the effects of radiation at low annual dose equivalents". The linear
dose-response model with no threshold is thus commonly used as a reasonable
assumption for radiation protection purposes. This principle is not

I affected by the use of a linear-quadratic model (Fig. 3) to derive
quantitative risk estimates for low doses of low-LET radiation. At low
dose rates, or for summation of the effects of repeated exposures to low

I doses (e.g. 50 mSv) at high dose rate, the quadratic component disappears
leaving only the simple linear, non-threshold dose-response relationship.

The maximum permissible dose of whole body radiation to radiation workers
was set at 15 rem per year in 1950 (ICRP 1955); this was reduced to 5 rem
per year in the ICRP recommendations of 1959 and became the legal Canadian
limit in 1960. The Chalk River laboratories adopted the 5 rem limit
towards the end of 1956. This maximum permissible dose has not been
changed since that time (ICRP 1977) and all Canadian nuclear establishments
are operated under these rules. Average exposures in recent years are
summarized in Table 7.

The maximum permissible exposure to radon and radon daughters for radiation

« workers was set at the equivalent of 12 WLM per year by ICRP in 1955; tfrs
was reduced to 4 WLM per year in 1959 (ICRP 1959a), which is currently t!.e
legal limit for uranium miners in Canada. The first measurements of radon
concentrations in a Canadian uranium mine appear to suggest potential« exposures in the region of 100-300 WLM per year in the 1940's (Mitchel
1945). Similar concentrations were apparently present in uranium mines in
Czpchoslovakia and the U.S.A. in the 1940's and an appreciable portion of

» these miners died from lung cancer. This history has been reviewed by many
II people (see, for example, Myers 1981). Exposures to radon daughters in

Ontario uranium mines were very high (up to 96 WLM per year) and apparently
unregulated in the early years of mining in the 1950's; these were reduced

| to conform to the 12 WLM per year limit in the 1960's and reduced still
i further to conform to the 4 WLM limit in 1975 (Ham 1976). A similar
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Table 7
Regulatory limits and actual exposures associated with

nuclear power production

Group
Regulatory limit

(mSv/year)
Actual exposures

(mSv/year)

Workers
General Public

50
5

5 (a) - 8 (b)
0.05 (c)

(a) average exposures at the research and development site at Chalk
River.

(b) average exposures in the Nuclear Generating Division of Ontario
Hydro.

(c) the design target, which is normally achieved, for exposure of
members of the general public living 24 hours per day on the
boundary of nuclear power stations in Ontario.

sequence of events occurred at about the same times in the U.S.A. The
resulting average exposures in the Denison and Rio Algom mines at Elliot
Lake, as given in Ham 1976, were about 16 WLM per year in 1958 and 1-2 WLM
per year in 1975. According to data provided by Health and Welfare Canada,
the average exposure of all uranium miners in Canada in 1979 was 0.7 WLM
per year (UNSCËAR 1982).

In 1980, the ICRP suggested that the annual limit on intake of radon
daughters could be increased from 4 to 5 WLM. However, the recommended
system of dose limitations requires that exposures to external gamma
radiation and inhaled radon daughters should be added. Assuming that
uranium miners may in general be exposed to about 10 mSv gamma-radiation
per year (Ham 1976, UNSCEAR 1977), the maximum permissible exposure to
radon daughters would thus remain at about 4 WLM per year (ICRP 1980). It
is implicit in the ICRP suggested limits that effects of thoron daughters,
when present, should also be added in (ICRP 1981); the maximum permissible
exposure of workers to thoron daughters alone would be 14 WLM per year. To
the best of my knowledge, these latter ICRP recommendations are under
consideration but have not yet been given legal authority in Canada.
However, the Saskatchewan government adopted similar but somewhat more
restrictive guidelines as a result of the Cluff Lake Board of Inquiry
(Bayda 1978); the Saskatchewan uranium mines are currently being operated
on this basis (Alderman 1981). Radiation exposures in the Saskatchewan
mines are summarized in Table 8.

The ICRP 1977 document suggests that one fatality per ten thousand workers
per year should be regarded as the upper limit for a safe industry. If we
examine recent Canadian data provided by Labour Canada (Fig. 4), it is
found that about 80% of Canadian workers are employed in industries that do
not appreciably exceed this fatality rate and that could therefore be
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Exposures of
to whole

Mining
Operation

Gulf
Eldorado
Cluff Lake

Reference: Alderman

Table
workers in uranium
body gamma-radiation

Average ore
grade (%
uranium)

0.25
0.21
7.0

1981.

8
mines in Saskatchewan, 1980,
and to radon daughters

% Workers
receiving

less than 5
mSv per year

99
88
80

% Workers
receiving

less than 0.5
WLM per year

96
45
78

greater; that is to say, about 1 person in 5 (roughly 1 in 4 males or 1 in
7 females) normally dies from non-occupational causes between ages 18 and
65 in Canada (Canada Year Book, i980-81). The risk of death from
occupational causes for miners is about ten times the limit for that in a
safe industry (Fig. 4) but the risk of d?ath from all causes between ages
18 and 65 is not much different from tnat for the average Canadian male.

The predicted fatality rates for uranium mine and mill workers and for
workers in nuclear power generating stations are shown in Fig. 5. The
first column on the left side of this graph is the observed average for
manufacturing industries, which was selected because it is close to the
suggested limit for a safe industry. The data provided by Labour Canada
(Clark 1979) are divided into two portions, the bottom portion on this
graph being fatalities due to accidents and the top portion fatalities due
to occupational diseases. The predicted data for nuclear power stations
are based on known fatality rates due to accidents plus predicted cancer
deaths using ICRP risk estimates (this includes all radiation-induced fatal
cancers including those which occur after age 65). Below 10 mSv par year
the predicted fatality rates are below the suggested limit for a safe
industry; at the maximum permissible exposure of 50 mSv per year the
predicted fatality rates ere closer to the average observed in the
construction industry (Fig. 4). Most of the induced cancers would appear
late in life; the average predicted decrease in life expectancy resulting
from 50 mSv per year for 47 years can be calculated to be about 0.4 years.
That is to say, a worker exposed to 50 mSv each year for 47 years might be
expected to live to 74 years and 7 months on the average rather than to 75
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years if all other factors except the radiation exposure were equal.* This
is roughly equivalent to the effect of smoking about two cigarettes per day
for 47 years. At 5 mSv per year for 47 years» the predicted decrease in
life span is about 0.04 years or 14 days. The predicted loss of life
expectancy due to 5 WLM or 0.5 WLM per year of radon daughters is probably
about 60% greater than that for the corresponding whole body exposures at
50 or 5 mSv per year.

On the right side of Fig. 5 we have observed date for all Canadian miners
plus predicted data for uranium miners. The observed data as provided by
Labour Canada (Clark 1979) are again divided into fatalities caused by
accidents and those caused by occupational diseases (for example, black
lung disease in coal miners, asbestosis and fatal cancer in asbestos
miners, lung cancer in uranium miners). Fatal accidents are more common in
underground mines than in open pit mines; the data given will be an average
for all types of mines. In order to obtain predicted values for uranium
mines, I have simply taken the average fatal accident rate in all Canadian
mines and auded to this the number of radiation-induced fatal cancers
expected according to ICRP ri3k estimates at two arbitrary levels of
combined exposure, one corresponding to one-fifth of the recommended
maximum permissible exposures and the other corresponding to exposure at
the maximum permissible levels recommended in ICRP 1980. It is, I think,
obvious that uranium mining is a relatively hazardous occupation but is
not expected to be appreciably more so than mining in general and is
expected to be less hazardous than commercial fishing (Fig. 4 ) .

It may be of some interest to note the actual cancer death rates that have
been reported from various nuclear facilities (Fig. 6) where occupational
exposures are primarily from external gamma-radiâtion. These data include
the Chalk River Nuclear Laboratories where average occupational exposures
(primarily from gamma-radiation) are about 5 mSv per year (Table 7). In
all cases, a healthy worker effect is observed, that is to say, the cancer
death rate is slightly lower than expected for persons of the same age and
sex in the general population. This would not be true if the risk of
radiation-induced cancer as given by national and international scientific
committees was grossly underestimated. Apart from this one point, there is
little that can be learned about the risks of ionizing radiation from the
follow-up of radiation workers such as those shown in Fig. 6 (although this
type of follow-up study can be highly recommended for other reasons).
Estimates of risks to radiation workers must therefore continue to be based
on theoretical predictions such as those illustrated in Fig. 5.

Many people have been concerned about the effects of radionuclides released
from a uranium mine and mill on the surrounding population. With respect
to radon releases into the air, it might be noted first that radon and
radon daughter concentrations in the outside air have a relatively small

(•Because of the "healthy worker" effect noted below, the average radiation
worker in a nuclear generating station will in fact actually live 1-2
years longer than expected from the average for the general population.)
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impact upon the total exposures of the general public to radon daughters.
According to the 1977 UNSCEAR report, about 97% of the total exposure is
due to radon daughters which accumulate in the air inside buildings and
only 3% to the radon daughters in the outside air. (The data for Canadian
houses as reported by McGregor 1980 may be somewhat different but would
still indicate that more than 90% of the total exposures of the general
public are due to radon daughters inside buildings.) The concentrations
inside buildings, including those in the uranium mining town of Elliot Lake
in Ontario, depend primarily upon the radium content of the building
materials and of the soil beneath the building and upon the air-tightness
of the building. Radon in water supplies may also have an appreciable
impact in some cases. Provided that mill wastes are properly controlled
and are not used for building materials (as did happen in some areas of
Canada and the U.S.A. many years ago), the presence of mine and mill wastes
has no measurable impact upon the concentration of radon daughters inside
buildings at a distance of a kilometre or more.

A concentration of 0.02 working levels (WL) of radon daughters in inside
air was selected by Canadian authorities as a criterion for intervention in
houses in localities associated specifically with uranium production (AECB
1977). Depending on how exposures are calculated, and whether or not
corrections are made for breathing rates, this corresponds to an exposure
of 0.4 - 1 WLM per year for persons living in these buildings, that is to
say, about the same as the average occupational exposures of uranium miners
in Canada in recent years. Due to the natural radioactivity of the soil
beneath the houses, an appreciable proportion of the houses in Elliot Lake
exceeded 0.02 WL and corrective measures were taken. A cross-Canada
summertime survey of radon daughter concentrations in houses in major
cities and towns indicated that some 2-3% of houses were normally above
this level (McGregor 1980); for example, the portion of housing above 0.02
WL in Halifax is given as 5.2%, in Charlottetown as 0.1% and in Fredericton
as 3.3%. There was no correlation between these proportions and either the
lung cancer mortality or the general cancer mortality in various cities
(Letourneau 1982). Nevertheless it is assumed that some small fraction,
possibly about 4%, of lung cancer mortality is associated with inhalation
of radon daughters by the general public (Table 1), even if the major
causes, accounting for some 90% of lung cancer, are believed to be other
factors such as cigarette smoking and combustion products in urban air.

NET BENEFIT

One of the basic features of ICRP 1977 recommendations is that "no practice
shall be adopted unless its introduction produces a positive net benefit".
Data on estimated number of early deaths resulting from the production of
one gigawatt-year of electricity from various sources are given in Table
10, a gigawatt-year beng the amount required to supply a population of one
million people with one kilowatt of electricity each continuously for one
year. The data in the original report produced by the Council on
Scientific Affairs of the American Medical Association take into account
deaths due to disease and to accidents for the complete fuel cycle
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including mining. There is an appreciable range of uncertainty associated
with each of the estimates; the numbers in Table 10 represent the geometric
mean of each range with the total range in brackets on the last line. All
of the available scientific data indicate that nuclear power is
considerably safer than coal as a source of energy, although the upper
limit of the risk estimates for nuclear power does overlap the lower limit
of the risk estimates for coal in some other calculations. Risk estimates
for other energy sources, e.g. wind, solar power, hydroelectric, tidal
power, generally fall in an intermediate position between coal and nuclear
power. On this basis, there appears to be Ù net health benefit associated
with the use of nuclear power as a source of electrical energy.

Table 10
One estimate of the annual number of ear ly deaths associated
wi th the production of one gigawatt-year of e l e c t r i c i t y from

various sources
(data from AHA 1978)

Coal CHI Nuclear Natural gas

Workers 2.1 0.4 0.18 0.13
Public 24 10 0.04

Total 26 10 0.22 0.13
(2-314) (1-100) (0.05-1) (0.06-0.28)

Apart from any considerations of comfort and living standards, there is a
definite health benefit associated with the utilization of energy sources
generally. This question has been considered in detail elsewhere (Gentner
1982, Myers 1979, Myers 1982a, Sagan 1978, Siddall 1979). Economic
development over the past 150 years has resulted in an increase of about 35
years in average life span. It might be added that our life span is still
increasing slowly. The rates of stillbirths, infant deaths and deaths from
most other causes (except lung cancer) continue to decrease slowly (Canada
Year Book 1980-81). According to data provided by Mao 1982, the
age-standardized death rate for Canadians age 25-74 was 78 per 104

persons per year in 1971 and 69 per 10 4 persons per year in 1979. On
average, this represents an annual decrease of 1.1 deaths per 104

Canadians age 25-74 each year. Occupational fatalities have, on average,
similarly decreased from 1.7 to 0.93 deaths per 10 4 workers per year (or
from 0.53 to 0.34 deaths per 104 Canadians per year) over the period 1969
to 1978 (Clark 1979). Cheap and safe sources of energy play an essential
role in the social development and prosperity that have resulted in these
health benefits (Sagan 1978).

This continued improvement in general health of the population is one of
the factors that has to be considered in the follow-up of irradiated human
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populations (see, for example, Table 2) as well as in assessment of net
benefits deriving from the nuclear power industry.

SUMMARY

The above document has presented an overview of (a) our usual population
exposures to ionizing radiation, (b) the assessment of the late effects of
radiation by follow-up of irradiated human populations, (c) the prediction
of effects at radiation levels which are so low that these effects cannot
be measured directly by follow-up studies and (d) the question of net
benefits.
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Figure 1

Dose response relationship for induction of one particular type of genetic
change in yeast (Mnrau et al 1981). A log-log plot is used to emphasize
the wide range of doses over which a linear relationship was observed.
Gamma-ray doses are given in Gy, which should be equivalent in this case to
Sv. The horizontal dotted line represents the natural, spontaneous rate of
genetic change in these experiments. The radiation dose required to double
the spontaneous rate happens to be about 1 Sv, the same value that is used
for calculation of genetic risks of radiation to humans (UNSCEAR 1972, 1977
and 1982). Linear dose-response relationships have been reported, though
usually with much less certainty, for radiation-induced genetic changes in
a variety of lower organisms over the past 50 years.
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Figure 2

Deaths due to various causes in different portions of the U.S.A. with
natural background levels which are given as (A) 2.1 mSv, (B) 1.7 mSv and
(C) 1.2 mSv per year. Data from Frigerio 1976.
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Figure 3

Probability of inducing late effects as a function of dose of low-LET
radiations. The solid line represents observed data for doses delivered in
a short period of time as derived from various kinds of laboratory
experiments (see NCRP 1980); data derived from the follow-up of irradiated
human populations are not precise enough to ascertain the exact form of the
dose-response relationship (6EIR 1980). In the low dose region (1) up to
about 100 mSv, the effects are directly proportional to dose and
independent of dose rate. In the intermediate region (2) between 100 mSv
and a few Sv, the probability of inducing late effects is strongly
influenced by a (dose)' or quadratic component. At s t i l l higher doses in
region (3), cell k i l l ing effects may be observed. At low dose rates, the
quadratic component of the dose-response curve disappears, leaving only
those effects indicated by the dotted straight line at the bottom. When
human data on radiation-induced cancers (derived from the follow-up of
irradiated populations) are f i t ted to the above curves, the slopes of the
dashed straight line at the top and the dotted straight line at the bottom
appear to di f fer by a factor of 2.3-2.5 (BEIR 1980).
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I
i
I
I
1
f
I
I
1
I
I
I
I
I
I
I
I

65

Q:
<
LLI

toa:
LU

en
o

o
o
o
o

CO
LU

_J
<

14

12

10

8

<
Û.
ID
ooo

2

0

00
I

to

Q
LU

a:
LJ
CO
m
o
CD

E
3
H
o
<
Lu
3

LU LU 9 O

H tr
co a.

a:
<
LU

LU

ce
in

<
LU

LU

a:

<
LU

LU
OC

O

a:
LU

>^

Q:

UJ

+ >-

31
FATAL

DISEASES

FATAL
ACCIDENTS

Figure 5

Reported and predicted occupational fata l i ty rates. The observed average
values for workers in manufacturing and in mining are based on data for
Canada 1975-78 (Clark 1979); the cross-hatched portion at the bottom of
each of these bars represents deaths due to occupational accidents while
the striped portion at the top of each of these bars represents deaths due
to occupational diseases. The predicted values for workers in nuclear
power stations or in uranium mines are treated similarly except that the
unshaded portion at the top of each bar represents deaths due to
occupational diseases at various radiation exposure levels as calculated
from ICRP risk estimates. Uranium miners in Canada have in recent years
been exposed to about 1 WLM plus 10 mSv gamma-radiation per year (see text
and also Table 8) . Note 1 rem - 10 mSv gamma-radiation.
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Figure 6

Incidence of cancer deaths at various nuclear establishments, relative to
the value expected for persons of the same age and sex in the general
population. The numbers in each bar indicate the actual number of deaths
in each study group; data based on small numbers are not very reliable.
The data for British Nuclear Fuel (BNFL) employees are given by Clough
1982, for Chalk River Nuclear Laboratories (CRNL) by Myers 1982, for
Hanford by Gilbert 1979, for Portsmouth by Rinsky 1982, for Oak Ridge
uranv.i workers by Polednak 1982, for Rocky Flats plutonium workers by
Voelz 'J81 and for Ontario Hydro by Anderson 1982.
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ICRP RECOMMENDATIONS AND CANADIAN REGULATIONS

1. Introduction

The Atomic Energy Control Board (AECB) is in the process of revising the

radiation protection sections of its Atomic Energy Control Regulations (1) in

accord with the latest recommendations of the International Commission on

Radiological Protection (ICRP Publication 26 which covers the general

principles, and ICRP Publication 32 which deals with radon daughters, references

2 & 3.)

Several issues are involved in the proposed revision of the Regulations, as

discussed below.

2. Issue: Should the AECB Adopt the ICRP Recommendations?

I The ICRP has been criticized as being a small, self-perpetuating group that

represents nobody but themselves; the fact of the matter is, however, that the

ICRP draws on a wide range of expertise and viewpoints, which extend well beyond

its actual membership. It does so through a system of committees and task

groups, plus the involvement of its members in the work of many international

I organizations (such as the International Atomic Energy Agency, the World Health

Organization, the International Labour Organization, the Nuclear Energy Agency,

I and the United Nations Scientific Committee on the Effects of Atomic Radiation).

Consequently, the ICRP recomendations are widely accepted throughout the world's

I scientific, medical and radiation protection communities. With such a

substantial measure of international consensus, it would appear that the ICRP's

recommendations provide the best available basis for radiation protection

regulations. The AECB is therefore guided by (but not bound by) the

recommendations of the ICRP.

3. Effective Dose Equivalent

I
The most fundamental change from previous recommendations is the introduction of

the "effective dose equivalent", a concept by which the total radiological risk
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is limited to the same extent, regardless of the distribution of dose* in the

body. When the whole body is irradiated uniformly, there is no difference

between the new and previous recommendations, the annual dose limit being SO

raillisieverts (5 reras) in both cases. When individual organs are irradiated

separately, however, the difference in dose limit can be substantial. For

example, workers who fabricate uranium fuel can inhale insoluble uranium, which

irradiates primarily the lungs, and the lung dose can be more significant than

the whole-body dose received from concurrent exposure to gamma radiation. Under

the existing Regulations, the lung dose is determined by adding the

contributions from both the uranium and the gamma radiation. In addition, the

whole body is allowed an annual dose of 50 mSv (5 rens) regardless of the lung

dose, as long as the lung dose does not exceed the annual limit for the lungs

(150 mSv, or 15 rems). Under the proposed Regulations, however, the lung dose

would be weighted to account for the lower radiosensitivity of the lungs

compared to the whole body. When the whole body is irradiated, there is a small

risk of fatal cancer and genetic injury, and about 12% of this risk is due to

lung cancer; therefore a dose to the lungs has only about 12% of the

significance, in terms of risk, of an equal dose to the whole body. The

weighting factor for the lungs is therefore 0.12. In other words, a lung dose

of 100 mSv is equivalent in terms of risk to a whole-body dose of 12 mSv.

Under the existing Regulations, if the lungs receive 100 mSv in a year, the

whole body could still receive the full limit of 50 mSv. Under the proposed

revision, however, If the lungs received 100 mSv the whole body dose would be

limited to 50-12 = 38 mSv.

On the other hand, if the lung dose exceeds the current limit of 150 mSv in a

year, no further exposure of either the lungs or the body are allowed under the

current Regulations (until the AECB approves otherwise), whereas under the

proposed revision it would be recognized that 150 mSv to the lungs is equivalent

in terms of risk to only 150 x 0.12 • 18 mSv to the whole body, and therefore

the whole body could be allowed an additional 32 mSv (50-18). The larger the

dose to the lungs, the smaller the allowable additional Jose to the whole body.

* "Dose" as used in this paper means "dose equivalent" (in mSv or rems); that

is, the absorbed dose (in milligrays or rads) multipled by a "quality factor" to

account for the different probabilities that different types of ionizing

radiation will produce biological damage.
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If the lung dose was 420 nSv, no additional dose to the body or any part of it

would be allowed during the current dosiaietry year, because 420 mSv to the lungs

is equivalent in terns of risk to 420 x 0.12 = 50 mSv to the whole body, which

is the limiting value. Alternatively, if nore than one organ is irradiated, the

dose to each would be multiplied by the appropriate weighting factor for that

organ and the sum of all the weighted doses would be limited to 50 mSv. The sum

of the weighted doses is called the "effective dose equivalent". Under the

proposed Regulations, a single limit of 50 mSv would be applied to the effective

dose equivalent, and it would no longer be necessary to specify separate limits

for each organ as in the existing Regulations (although an overriding limit of

500 mSv applies to all organs and tissues in order to prevent "non-stochastic

effects"*).

The weighting factors for the various organs and tissues of the body (from

reference 2) are listed in an appended table, along with the dose limits which

could be derived for each organ by dividing the limit on "effective dose

equivalent" by the respective weighting factor. The regulatory limits which are

still in effect in 1982 (1) are also shown. It is apparent that the individual

organ limits that could be derived from the limit on effective dose equivalent

are larger than the current regulatory limits (420 mSv for the lungs, for

example, compared to only 150 mSv under the existing Regulations), which is

another issue.

4. Issue: Perceived Relaxation of Protection

The increase in derived limits for individual organs may appear to be an

unnecessary relaxation of protection; however, the relaxation is usually more

apparent than real because in practice individual organs are rarely irradiated

in isolation. Under the proposed Regulations, the limit on effective dose

equivalent would apply to the sum of the weighted dose equivalents received by

the various organs and tissues, which would usually result in more restrictive

overall controls than previously.

* "Non-stochastic effects" will not occur unless a certain threshold dose is

exceeded, the 500 mSv limit being a small fraction (about 1/40 or less) of the

threshold value.



In practice, the Individual organ most commonly irradiated is the lung, •

following inhalation of uranium in fuel fabrication and milling operations and

of radon daughters* in uranium mining operations» The nearly three-fold I

Increase In the derived limit for the lungs (from 150 aSv at present to 420 tnSv

under the proposed Regulations) is partially offset by a two-fold increase in I

the quality factor for these alpha-emitting substances (from 10 to 2 0 ) . The net

effect is a 40% increase in the limit for the lungs when irradiated by alpha- It

emitting substances. In practice, exposures would not be allowed to increase by

40%, however, because of concurrent exposure of the whole body to gamma «

radiation. The existing Regulations are applied such that the lung dose and U

whole-body dose are limited separately, but under the proposed Regulations the

overall exposure would have to be limited such that the sum of all significant n

weighted doses (i.e, the effective dose equivalent) does not exceed 50 mSv in a

year (as already explained under item 3 ) . This could still result, in jj

principle, in a net relaxation in overall dose limitation for uranium fuel

fabrication operations, although such relaxation would be unlikely in practice IT

because of the requirement to keep all doses as low as reasonably achievable (as ''

discussed later under item 7 ) . In the case of uranium mining, the dose limit ••

for the lungs derived from the proposed Regulations would have no practical |

significance because the limitation of exposure to inhaled radon daughters is

based on different considerations. However, many uranium miners receive about I

10 mSv per year from gamma radiation (20% of the whole-body limit) leaving only

80% of the limit on effective dose equivalent for the dose from radon daughters I

and other sources. Consequently, the requirement to consider the contribution

of gamma radiation to the effective dose equivalent could result in a slightly I

greater restriction on exposures in uranium mines than at present. '

5. Issue: Dose Limitation for Long-Lived Nuclides I

Another issue relates to the limitation of doses from radioactive substances I

that remain in the body for a long time; e.g., the dose to the lungs from the

inhalation of insoluble uranium. This situation differs from the radon daughter I

* "Radon daughters" are the short-lived decay products of radon gas, either |
radon-222 ("radon" 3.8d half-life) or radon-220 ("thoron" 55S half life). The
short-lived daughters of radon-222 are 2l8 Po (radium A, 3m), I
214 Pb(radium B, 27m), 2 U Bi(radium C, 20m), and 2 l 4Po(radium C , I
164>is). The short-lived thoron daughters are 2l6 Po(thorium A, 0.15S),
212 Pb(thorium B, 10.6 h ) , 2l2 Bi(thorium C, 61m), and '
212 Po(thorium C, 304 ns).
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situation already discussed because uraniua can renain in the lungs for weeks or

years after inhalation, and continue Co irradiate the lungs all the while

(whereas radon daughters have a combined half-life of only about thirty minutes

and therefore deliver all their dose to the lungs within a short tine).

Dose control for short-lived substances is siailar to dose control for external

sources of radiation in that the dose delivered to the body in any year can be

simply compared to the annual dose limit. Dose control for long-lived

substances is more complicated, however. If the effective half-life of a

radioactive substance in the body is several years or longer, irradiation of the

body following a single intake of the substance will continue year after year

for life, with the dose in each succeeding year being only slightly less than in

the preceding year. If the intake of a long-lived substance into the body in a

year is such as to deliver, during the year of intake, a dose equal to the

annual dose limit, the amount of that substance remaining in the body will be

sufficient to deliver a dose close to the annual limit in each succeeding year

as well. If an equal intake then occurs in a second year, the dose received in

that year will be nearly twice the limit: the full limit from the intake during

that year plus almost as much from the radioactive substances remaining in the

body from the previous years intake. If intake continues at the same rate for

forty years, say, the dose received each year will increase and the dose in the

fortieth year could be as high as nearly 40 times the annual limit; i.e., an

effective dose equivalent approaching 2000 mSv (200 rents) in a single year.

This would clearly not be acceptable.

One alternative would be to permit an intake in a year that would deliver the

annual dose limit in that year, and then prohibit any additional exposure in

subsequent years because several years of dose at or near the limit would have

already been committed. This alternative also would not be acceptable, because

working conditions should be controlled such that a person can continue to work

for a full working lifetime if he or she chooses.

The approach recommended by the ICRP (which is not new but is perhaps clearer in

the latest recommendations) is to limit the intake in any year such that the

total dose due to that intake, accumulated during a 50-year working lifetime, is

limited to the same numerical value as the annual dose limit. The dose actually

received during the first year of intake of a long-lived substance would then be
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much less than Che annual dose limit, but if additional intakes continued year

after year, the dose received in each successive year would increase due to the

increasing accumulation of radioactive substance in the body, and the dose In

the fiftieth year (or in each year after equilibrium*, if equilibrium occurred

in less than 50 years) would equal the annual dose liait. In other words, the

committed dose from each year of intake would be Halted to a value equal to the

annual dose liait (the cansltted dose being the total dose accumulated from a

radioactive substance in the body during the fifty years following the intake of

that substance).

The committed dose approach is necessary for planning and dose control purposes

in order to limit the long-tem accumulation of radioactive substances in the

body, but may be very conservative for individuals who do not continue to be

exposed year after year, or for those whose exposures start at ages where

substantially less than 50 years of working lifetime renain. It may also be

very conservative in circunstances where the conmitted dose actually received by

a person turns out to be less than the predicted value. For example, workers in

fuel fabrication plants are exposed to mixtures of uranium compounds having

various physical and chemical properties and consequently various residence

times in the lungs if inhaled. It is necessary to use the longer residence

times when estimating the committed dose because these are occasionally valid,

but more often than not this results In an over-estimate of the committed dose

(as indicated by subsequent measurements of the amount of uranium actually

retained in the lungs). In other words, exposure restrictions based on

estimates of committed dose are often shown by subsequent lung counting to have

been unnecessary. Whereas unnecessary exposure restrictions may on the one hand

be justified because they are conservative, on the other hand they may unduly

restrict a worker's livelihood.

The proposed solution to this problem of choosing between the committed dose and

the dose actually received in a given year is to take the best of both

approaches; i.e., to require that committed dose be used by licensees for

* Equilibrium in the body occurs when the intake rate is equal to the rate of

elimination by excretion and radioactive decay. If intake continues at the same

rate thereafter, the amount of radioactive substance in the body will remain

constant at the equilibrium level corresponding to that intake rate.
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planning and dose control purposes, but to consider only the dose actually

received in a given year for dose record purposes and when considering the

imposition of exposure restrictions for workers who exceed limits. An example

of the use of committed dose for dose control is the use of the "derived sir

concentration" (DAC) as a basis for operating procedures. (The DAC is the

concentration which, if breathed for 2000 hours per year, would result in a

committed effective dose equivalent of 50 mSv, or in a committed dose equivalent

of 500 mSv to an organ or tissue.)

6. Issue: Exposure Restrictions if Dose Limit Exceeded

A similar but more general issue is the clarification of the exposure

restrictions imposed on persons who exceed a regulatory dose limit. The

I existing Regulations specify that, in the event that an atomic radiation worker

exceeds a dose limit, "he shall not engage in further work that is likely to add

1 significantly to the amount of ionizing radiation that he has received until the

Board approves thereof". In place of this vague regulation it is proposed to

I define "significantly" and to specify the period over which the restriction

would apply. "Significant" dose would be defined in this context by prorating

the dose limit for the public to two-week periods; i.e., the dose in any

| two-week period would be 1/25 of the annual dose limit for the public. (The

dose limit for the public is 1/10 the dose limit for atomic radiation workers.)

I The period of dose restriction would be until the end of the current dosimetry

year or for three months, whichever is longer. It is recognized, however, that

I a three month period of exposure restriction would often be either unnecessary

or insufficient. Consequently, provision would be made for the AECB to either

• Increase or decrease this period of dose restriction.

Some perceive this provision for regulatory flexibility as a weakness, arguing

I that it could result in undue difficulty In enforcing the dose limits. However,

the only reason for imposing exposure restrictions is in most cases to provide

time for investigating the circumstances that led to the exceeding of a dose

limit, so that causes can be determined and corrective action taken to prevent a

recurrence. Many exposures in excess of limits are only slightly above the

limit and occur for reasons such as a small discrepancy between the dosimetry

procedures used for day-to-day dose control and those used for the official

record. Once such a reason has been determined, there is generally no reason to

extend an exposure restriction beyond the dosimetry year in question. On the
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other hand, the exceeding of a limit could result from such a serious breakdown

of control that more than three months might be needed for the appropriate

corrective actions to be determined and implemented.

7. As Low As Reasonably Achievable

The primary objective of radiation protection is to keep exposures to radiation

as low as reasonably achievable (and thereby miniaize the risk of cancer and

genetic effects, which probably occur at any dose level since there is no known

threshold dose below which these effects might not occur). The as-low-as-

reasonably-achievable principle has long been applied in one form or another by

the AECB, but has not been included in Regulations because of the difficulty of

defining the principle in objective regulatory language. It is now considered

desirable to include an as-low-as-reasonably-achievable requirement in the

Regulations and to explain in a regulatory guideline the AECB approach to

determining what level is reasonably achievable in any given circumstances.

The fundamental objective of the as-low-as-reasonably-achievable principle is to

reduce the collective dose from a given operation to the extent that the cost of

a further reduction wculd not be worthwhile in comparison to the resulting

additional benefit (the benefit being a reduced collective dose and therefore a

reduction in the total risk of cancer and genetic injury). The ICRP suggests a

quantitative approach to determining this optimum level of protection, which

involves specifying a minimum number of dollars that should be spent for every

person-sievert of reduction in collective dose. The AECB has not specified such

a dollar value (because it has so far not been needed in the Canadian regulatory

context) but its staff is guided to some extent by the values used in other

countries and by international organizations, which are a few tens of thousands

of dollars per person-sievert of dose reduction (a few hundred dollars per

man-rem). This means, for example, that if the collective dose from a given

operation can be reduced by one man-rem by an expenditure of a few hundred

dollars or less, then the expenditure should be made, but if the cost for an

additional man-rem of dose reduction is much greater, the additional expenditure

would be greater than society tends to spend to reduce risks in other areas and

therefore would probably not be worthwhile.
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8. Issue: Should Protection by Influenced by Cost?

The basing of a dose reduction decision on cost has been opposed because some

perceive this as a trading of lives for dollars. What is intended, however,

when specifying a monetary value for the elimination of a person-sievert of

dose, is to specify the minimum amount of money that should be spent in order to

reduce the risk to an unidentifiable, somewhat hypothetical but statistically

possible victim. This is quite different than explicitly exchanging money for

the life of an identifiable person. The practice of determining the amount of

money to spend for improved safety on the basis of the amount of potential risk

avoided is widespread; in fact such a systematic and objective approach is

necessary for the proper allocation of society's limited resources.

The setting of a monetary value by the AECB (or any other regulatory body) has

been opposed on the grounds that this value should be set by whoever controls

the resources. This argument is supported to a certain extent by the ICRP,

which does not recommend a monetary value for a person-sievert because it

believes that this should be decided at the national level since different

nations have different national priorities for the disposition of their

resources. However, extension of this argument to individual licensees is not

valid; whatever gives a regulatory body the right and obligation to set dose

limits (on behalf of society) also gives it the right and obligation to specify

the minimum amount that should be spent in order to reduce a person-sievert of

dose. It is recognized, however, that some licensees find it worthwhile to

spend much more than this minimum amount, but for economic rather than health

reasons. For example, one utility has found it worthwhile to spend up to a

million dollars to reduce a person-sievert of dose, in order to avoid the even

greater cost of hiring and training additional personnel to replace workers who

would otherwise not be available for their regular duties because of having

exceeded a dose limit.
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Weighting Factors and Derived Limits
for Occupational Exposure of Individual Organs

Organ or Tissue

gonads
breast
red bone marrow
lungs
thyroid
bone surfaces
"bone" ***
Each of 5 others receiving
highest dose, but excluding
skin, extremities and eye
lenses
Remaining organs and
tissues
Whole body
(Wj = sun of sbove values)
Organs and tissues for which
no Wj specified because
risk of radiation-induced
cancer is negligible:
- skin (other than on extreraeties)
- extremities (all tissues of)
- eye lenses

Weighting
Factor

0.25
0.15
0.12
0.12
0.03
0.03
-
0.06

0.00

1.00

-
-

Derived
Unit
50/WT
aSv

200
330
420
420
1670
1670
-
830

-

50

-
-

Non-
Stochastic
Unit

nSv

_**
-
-
-

500
-
500

500

-

500
500
150

Current
Regulatory
Limit (1982)

mSv

50
(150)*
50

(150)*
300
-
-

(150)*

(150)*

50

300
750
(150)*

**

***

included in the "other organ" category in current Regulations

The 500 mSv "non-stochastic limit" applies to all organs and tissues
(except the eye lenses, for which the limit is 150 mSv) but is listed in
this table only where It Is less than the "derived limit". The
"non-stochastic limit" is intended to prevent Injury that will occur only
above a certain threshold dose, the limit being a small fraction of this
threshold value. The "derived limit" is Intended to limit the probability
of "stochastic effects" (cancer and genetic injury), for which there is no
known threshold dose.

The nebulous terra "bone" which is specified in current Regulations is being
replaced by a more precise Indication of the tissue at risk; namely, the
"bone surfaces" (the endosteal cells and cells on bone surfaces).
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ENVIRONMENTAL ISSUES RELATED TO URmïIUM MINING

D. M. Gorfaer and D. 3. Chambers

Introduction

The intent of this paper is to introduce the environmental

issues (both real and perceived) associated with uranium

exploration, mining, milling, and tailings management.

As well, some of the issues pertaining to the close out

of uranium tailings areas are discussed.

All of these topics have received considerable attention over

the past few years in Canada as evidenced by the public

hearings and inquiries that have been held across the country.

The major conclusions of some of those hearings are also

noted.

Uranium Exploration

Exploration encompasses activities that range from office

work to field studies that include drilling and excavation.

Uranium is little different from other metals in many ways

so it is not surprising that many of the exploration techniques

used are also similar. Special environmental considerations

associated with uranium exploration pertain to radioactivity.

Other possible considerations such as ground cover disruption

or disturbance of local wildlife are common to exploration

for all metals including uranium.
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Potential ways in which the natural radiation environment

can be altered by uranium exploration include:

• bringing radionuclide-bearir.g material to the surface

• spreading radioactive material through blowing dust

interconnecting previously separated aquifers via drill

holes

introducing radioactive material to groundwater via the

loss of drill fluids during drilling (this requires the

intersection of a radionuclide-bearing stratum)I
increasing the release rate of radon-222 to the atmosphere.

Available information concerning uranium exploration indi-

1 cates that many of the potential hazards about uranium

exploration are of little consequence.

I Radioactive material can be brought to the surface by drilling

through radioactive mineralization and transferring radio-

nulcides to the drilling mud. At a mineralized area in

British Columbia, 42 drill mud samples were analysed during

exploration. The mud samples were found to contain concen-

trations little different from local soils. The use and

disposal of drilling slurries, therefore, would be unlikely

to have a significant impact on the natural levels of radio-

activity in the local environment.

Groundwater contamination can theoretically result from the

linking of previously separated aquifers. Field data are
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lacking, however each year several million metres of explo-

ratory holes are drilled in North America yet few cases of

aquifer linking have been encountered.

Grounawater contamination can also result from loss of drill

water or mud to subsurface waters during drilling. There

was an incident in British Columbia in which drill zr,v.d

entered an aquifer, emerged downstream, and reached a

private well. Î*Q unusual concentrations of uranium were

found in the water or mud but the event did demonstrate the

potential pathway.

Another route by which radionuclides can be dispersed to

the environment during exploration is via the dust generated

by drilling or excavating activities. The amount of dust

produced is a function of the drilling method, local climate,

groundwater conditions, and rock characteristics.

The most commonly used drilling method is diamond drilling,

which being a "vei" technique, generates little or no dust.

Percussion and rotary drilling are two "dry" methods that

have the potential to generate larger amounts of dust. For

any drilling method the amount of dust generated decreases

as the hole deepens and/or groundwater is encountered.

The drilling of exploratory holes or excavating of trenches

and pits into ore increases the amount of surface area

exposed to the air and has the potential to increase the

amount of radon gas leaving the immediate area. Radon gas

can also be released during drilling by being dissolved

in the drilling fluid and released when the fluid is brought

to the surface.
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While radon releases have potential to increase radon and

radon daughter concentrations on the exploration site by

perhaps an order of magnitude, the concentrations decrease

rapidly with distance to less than background levels.

Although the potential environmental effects of exposures

associated with uranium exploration are snail, they should

always be acknowledged and minimized.

Uranium Mining

The type of mining method used at any location is influenced

by many factors including the nature and grade of the orebody,

I its depth, the geological state of the surrounding rock, and

the presence or absence of g^oundwater. The principal mining

I methods used in Canada for uranium include underground and

open pit operations. Each mining operation has associated

I with it environmental considerations that must be addressed.

Many of these concerns, such as the storage of overburden

from open pits and control of minewater are common to other

types of base metal mines.

Potential radiological concerns from uranium mining include:

discharging minewater that contains radioactive contaminants;

releasing radon and dust in the exhaust air from underground

mines;I
I • emitting radon and dust from open pit mines

I
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Contaminated minewaters are alvays treated. In many cases,

the minewater is used in the mill, if not the minewater is

Uranium Milling

Mill processing typically involves grinding the ore to a

very fine, flour-like consistency. The ground ore is then

subjected to a leaching process in either highly acidic or

alkaline solutions (depending upon the characteristics of

the ore) which cause the uranium to dissolve. This separates

the uranium from the solid rock particles. The uranium is

concentrated by ion exchange or solvent extraction and preci-

pitated and dried into a product called yellowcake.

Selection of optimal milling techniques require extensive

laboratory analysis to determine such matters as leachability

of ore, uranium recovery rate, product specifications, the

amount of water used, and the degree of recycle.

Because of the naturo of the milling operation, the majority

of the potential environmental and radiological contaminants

remain in the liquid phase and are sent to the tailings

management area.

The amounts of radon and dust released from the milling

operation are small in comparison to those associated with

the tailings management area.

I

I
I

sent directly to the tailings management area for treatment.

In most Canadian situations the release of dust and radon I

are smaller than those associated with the tailings manage-

ment area. I

I
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Uranium Tailings Management

Tailings are the waste materials produces during the milling

of ore. Tailings consist of ground reck particles, water

and various amounts of mill chenicals. All types of .tiills

produce tailings.

« Tailings management areas of ter. include one or more dans

which help form a basin into which the material is placed.

Modern dam design and construction techniques are quite

| sophisticated. Geological studies are utilized to locate and

size the structures and earthquake analyses are performed to

I ensure both static and dynamic stability. Hydrogeological

studies are carried out to ensure both core materials and

( foundations are sufficiently impermeable to control basin

seepages. A typical dam would include a core trench and

cutoff to bedrock, a grout curtain in bedrock, filter drains

| to control internal porewater pressures, shell materials

for adequate stability, and rock riprap for long-term erosion

I protection.

If the operation of the area requires a liquid discharge

(as is the case at all Canadian uranium mines), then treat-

ment facilities are provided. Treatment plants can include

rhemical addition equipment, a mixing area, and a solids

separation facility.

Tailings management areas are designed to take into account

local conditions, but in general terms there are three basic

types of tailings management areas:

dry land sites;

land/shallow water combination sites; and

- underwater disposal sites.
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Dry land cor.tainr.ent sites axe usually located in flat or

gently sloping areas. Such si.te£ can occupy large areas I

and require long dams or rîy";os arsons their borders to

contain the tailings, accc:.-r.ĉ ate storm runoff and direct II
water to treatment facilities.

storage volume can be created by the construction or a

relatively short dart.

Underwater disposal refers to the placement cf tailings below

the water surface, such as at the cotter, of a lake. On the

lake bottom, the tailings are protected from the actions of

winds, surface water and other environmental features that

might disturb the tailings.

The selection of tailings management facilities and methods

of operation evolves from the consideration of numerous

factors including:

Location

Climate

Local topography and geomorphology

Ore characteristics

Economics

Slurry versus filtered tailings

Distance from mill to tailings basin

Dam sizes
Close out considerations

IIThe land/shallow water combination type of containment is

often located in a valley, marsh or other lew-lying area.

In some cases a dam across one end of the valley is required I

to produce a basin for the tailings. In manv cases, a large

I

UNE*,
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Environment

Liquid effluent treatment

Atmospheric emissions control

Seepage control

Public access restrictions.

At a specific site, local features ar.d conditions determine

which of these factors is most important.

The liquid portion in the tailings area is commonly referred

to as tailings water. It is predominantly water with rela-

tively high levels (when compared to background) of some

dissolved constituents. These constituents of most interest tend

to include radium; several nitrogen compounds, which are

used in the milling process and in blasting agents in the

mine; and, a number of other elements which are present in

small amounts in most types of rock and which are dissolved

in the milling process.

( At operations where the acidic milling process is

used, and/or the ore contains pyrite, the tailings slurry

is treated chemically just prior to being discharged from

I the mill to make it alkaline. This change makes many elements

including metals and some radionuclides such as thorium

I precipitate from the liquid portion and settle in the tailings

area. This leaves radium and nitrogen compounds as the

remaining water quality considerations.

In the tailings management area, nitrogen compounds are

reduced by natural biological deterioration. They also are

diluted by any precipitation which falls on the area. At

most tailings areas, there is no specific treatment for
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nitrogen compounds other than these two natural processes.

At some operations where the concentrations of nitrogen

compounds in the final discharge have been of concern, con-

sideration has been given to using milling processes which

do not use nitrogen compounds.

The operator must meet government controls for all

effluents- At properties where effluents nust be discharged,

constraints on effluent quality necessitate the operation

of treatment plants at the tailings basin outflow. These

plants typically prox'ide for the removal ox dissolved

radiuiT.-226 via barium chloride addition and sedimentation.

Adjustment of pH may also be required.

Dust generation from tailings is not a problem where

tailings are kept wet. Dusting from dry areas can be mini-

mized using a surface cover such as vegetation or placement

of a physical cover material such as asphalt or riprap.

Table 1 presents a few examples of uranium tailings manage-

ment practices in use throughout the world. These illustrate

the effect of different site conditions, economics, and

regulations on the development of tailings management practices

Concern is often expressed over the possible effects of

radionuclides that can be released from uranium tailings.

One radionuclide, radon, can be emitted as a gas, while

other radionuclides can enter the environment in liquid

releases or as windborne dust particles.
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TABLE 1

EXAOTLES OF TAILINGS MANAGEMENT PRACTICES

MINING AREA

Elliot Lake,
Ontario

Beaverlodge,
Saskatchewan

Rabbit Lake,
Saskatchewan

XANAGSKSKT PRACTICE
Containment Tailings Effluent

Method Form Treatment

land/water

underwater

land/water

slurry

slurrv

sxurry

yes

yes

yes

Southwestern
United States dry slurry no

I
I
I

La Bernardan,
France

Nabarlek,
Australia

South Africa

drv

underwater

dry

filtered

slurry

thickened
slurry

yes

no

no
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Radon is produced in a tailings area through the decay of

radium-226. Some of the radon will migrate to the tailings

surface and then disperse in the atmosphere. Typically, only

a small fraction of the radon (that produced in the uppermost

tailings) is released to the air. Haden emission rates from

tailings areas have been established both by field measurements

and model calculations. Such studies have shown that incremen-

tal radon levels due to radon emissions from tailings areas

decrease rapidly wizh increasing distance. Incremental radon

concentrations are typically found to be indistinguishable

from background levels within one to two kilometres from a

tailings area.

A technique commonly used to assess the environmental effects

of uranium tailings is radiation pathways analysis. The

technique either uses field data or makes assumptions about

radionuclides along various environmental pathways (with

appropriate transformations suen as bioaccumulation, dilution,

and chemical complex formation), and finally exposes selected

populations to these radionuclides by assuming that they

have certain standardized aspects of behaviour such as eating

habits. Data from environmental impact statements for

various uranium mining operations were used to develop the

annual dose estimates shown in Table 2.

All of the total annual doses shown in Table 2 are in the

order of 0.01 mSv/a {10 mrem/a) which is much smaller than

the natural variations in background radiation exposure levels.

For comparison, a dose of 0.01 mSv/a is about equivalent to
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TABLE 2

MAXIMUM ANNUAL DOSE AND RADON DAUGHTER EXPOSURE FOR

REPRESENTATIVE URANIUM MINING AREAS

LOCATION

Elliot Lake

Northern Saskatchewan

U.S. Model Mill

Ranger Mill, Australia

Natural

TOTAL DOSE
(mrem/a)

11

4

10

10

= 100

RADON DAUGHTER EXPOSURE
(WLM/a)

0.012

0.001

0.037

0.02

s0.15
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the radiation dose received during two flights from Halifax

to Vancouver and is less than the difference in annual

radiation dose one would receive in moving from a frame to

a brick house. I

Close-Out

Close-out options which may be applicable to a uranium

tailings facility are dependent upon many site-specific I

factors. These include climate, geography, and demography

of an area as well as the specific design features of the M

impoundment and the chemical, radiological, and physical »

characteristics of the tailings.

The most common methods currently being considered for re-

claiming tailings areas are direct vegetation, application |

of physical covers, and water covers. The option selected

will depend not only upon the site-specific conditions but ¥

also the technical and economic viability of the option. •

Vegetation is commonly thought to be a cost-effective approach l~

to reclamation. Vegetation, however, may not be applicable in arid

areas or regions of high population density where radon control may I

be a potential concern. As discussed previously, however,

radon levels at one to two kilometres from tailings areas W

are indistinguishable from background. In view of this and

given that some form of institutional land-use control is •"

required to prohibit either removal of tailings material or "-

construction of houses on tailings areas following close out, _•

the justification for close-out options which are designed |_

specifically for radon control is not apparent.

I
I
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The application of physical covers on the tailings surface

1 has been promoted by many regulatory bodies as an effective

means for control of radon, external gamma radiation, and

• tailings erosion. Surface covers tend to be expensive but

' may be applicable in certain instances.

The use of a water cover is only applicable in special

Ï situations. Provided that surface and groundwater contami-

nation can be maintained within acceptable levels, this option

has many benefits including tailings isolation, elimination

of dusting potential, and large reductions in surface gamma

radiation and radon releases.

I For many installations the close-out option selected may

be far more dependent upon the non-radiological tailings

I constituents. Components such as pyrite, which can lead to

chronic acid production, and contaminants such as arsenic,

I may represent far greater environmental concerns than do the

radioactive constituents of the tailings.
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Uranium Hearings

Prior to concluding this talk it is necessary to stress that

the topic of environmental considerations associated with uranium

exploration and recovery has been discussed in detail at

many forums. Table 3 lists recent Canadian hearings and

inquiries held to investigate various aspects of uranium

recovery. In some areas moratoriums are now in effect as

the result of social and/or political influences, however

wherever extensive hearings have been held, a common conclusion

has been reached. Uranium mining and milling are safe when

proper precautions are taken and environmental controls are

enforced.
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TABLE 3

URANIUM INQUIRIES IN CANADA

INQUIRY

BRITISH COLUMBIA

Royal Commission

NORTHWEST TERRITORIES

Legislative Debate

SASKATCHEWAN

Cluff Lake

Key Lake

ONTARIO

Elliot Lake

Select Committee

NOVA SCOTIA

Legislative Committee

NEWFOUNDLAND & LABRADOR

Kitts-Michelin

DURATION

Jan. 1979 to Oct. 1980

Spring 1981

Feb. 1977 to May 1978

Dec. 1979 to Jan. 1981

Fall 1976 to May 1979

Nov. 1977 to Dec. 1930

Feb. 1982 to Present

Nov. 19 80 t o Apr. 1980

I

I
I
I
i
II
n

ii
ii
I!
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INTRODUCTION

Finding a suitable site for a radioactive waste disposal facility within a region is
not a unique problem, but one that is similar to other siting requirements; half-way
houses for former mental patients, municipal waste treatment and disposal facilities,
or nuclear power generating stations. Each serves diffuse regional needs but creates
highly localized impacts. In each case, local responses to such facilities have been
consistent over time with host communities using a variety of means at their disposal
to prevent facilities from being sited in their locality — the Not In My Backyard
(NIMBY) syndrome. Such means have included protest, political opposition, legal
action, and in some cases, militant action. The result for nuclear facilities in
general and radioactive waste disposal facilities in particular has been the commonly
recited litany of delays, escalating costs, and cancelled projects.1

While the siting of low-level radioactive waste facilities is in many dimensions
similar to the siting of other hazardous or noxious facilities, it is also clear that
there are qualitative differences in the nature and longevity of even low-level
radioactive wastes that substantially alter the perception of risks to be borne by
the host community. Perceived risks associated with radioactive waste disposal are
at the root of present opposition to siting decisions and the literature indicates
that it is an ineffective strategy to ignore perceived risks by preemptively siting
facilities. The history cf such actions shows that the public's ability to oppose
projects is not limited by lack of resources or time.2

We suggest in this paper that the NIMBY problem arises because of the spatially
inequitable distribution of risk, both actual and perceived, that is the inevitable
outcome of any hazardous facility siting decision. Given this imbalance, the siting
of radioactive waste facilities is not likely to be opposed less vigorously until
the conventional siting process includes measures to redress the inequitable distribution
of perceived risks. We will argue that some form of compensation is the logical refine-
ment in existing siting methods to deal with the NIMBY problem, particularly prior
compensation determined through negotiation before the siting decision is made. We
will point out that precedents for prior compensation have been set in Canadian and
American siting cases for social and economic impacts and that there is evidence to
suggest prior compensation for risk is a cost-effective means of making siting decisions.

EXISTING SITING METHODS

Physical location criteria and models of decision making for facility siting have been
developed in planning and location theory (Keeney, 1980; Ford, Keeney and Kirkwood,
1979; Cohon, J.L. et al, 1979). In these methods, sites for facilities are determined
by the efficiency with which candidate sites meet a number cf siting criteria.3
For high-level radioactive wastes, such criteria as seismic stability, hydrological
variability and geological composition of materials at each site are of critical
importance and have in several cases precluded the siting of high-level waste
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disposal facilities in some areas of the United States.'' However, for low-level
radioactive wastes, physical siting criteria are less constraining and consequently
existing siting methodr. usually produce a number of candidate sites. In the case
of multiple candidate sites, with each site meeting physical performance criteria, j
formal siting methods become subjective in nature and choice becomes a public rather I
than a technical issue (Teitz, 1968; Dear, 1970; Thompson, 19C0).5

The conventional process usually produces a set of candidate sites using technical siting I
criteria with one site selected by formal or informal siting methods (benefit-cost 1
analysis is the formal method usually employed). The chosen site is moved through the
political process by log-rolling — the tradinq of political decisions; consensus
formation — with poJ itical factions shifting support between candidate sites until
consensus is established; or by coercion — the preemptive siting of facilities es an
exercise of cential political power.6 After the facility has been built, limited com- .
pensation is paid to those who are materially injured by the facility (business and
property value impacts) and throughout the process, the decision-makers attempt to
endure the opposition that has been generated.

j
Wolpert (1976) has indicated the regressive nature of such processes which locate i
noxious facilities in the absence of an accepted public facility siting theory. He
argues that in the multiple site case, a selection is made on the basis of efficiency
criteria. That location results in an inequitable distribution of risk which raises
the possibility of protracted conflict over the decision. To avoid or reduce conflict,
a location is chosen where populations are less capable, economically or politically,
to oppose it (Wolpert and Humphrey, 1973). For environraentaJly hazardous facilities,
this regressive siting process has lead to increases in the scale of facilities
and to the "clustering" of multiple facilities in one location to avoid additional
opposition at new sites (Lathrop, 19S0; Morell, 1977).7 The result of this conven-
tional siting process is an exaggeration of the initial inequitable distribution
of risks and the generation of locationai conflicts on a more impressive scale.

RADIOACTIVE WASTES AND PERCEIVED RISK

A distinction has been made in the risk assessment literature between technical risk
and social or perceived risk. Technical risk is typically expressed in probafcalistic
terms which indicate the likelihood and magnitude of an event derived empirically from
observations of many similar events. Social risk expresses the feelings associated
with the possibility of a single event, not its probability. While the probability
of a single catastrophic event may be low, the social realization that it could possibly
occur significantly alter? the social evaluation of risk. Social appraisal of risk is
gxiided by subjective impressions and intuitive responses to particular technologies.
The classic example is commerical air travel. Technical evaluation of risk is given
in probabilistic terms; the number of fatalities per million passenger miles or
per year of commercial operations, however social or perceived risk is skewed by
the possibility of a single catastrophic crash and its consequences.

The siting of radioactive waste disposal facilities has encountered significant
opposition in a variety of locations because of the wide disparity between technical
and perceived risks such wastes generate. Unlike other hazardous or noxious sub-
stances, radioactive wastes constitute a unique class of waste because of their
characteristic properties. A brief review of scir.e perceptions of radioactive wastes will
indicate the difficulties imposed on the siting process.

First, radioactive wastes are perceived as being difficult to contain or confine
spatially. It is commonly perceived that once radioactive materials enter a receiving
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medium (air, water or soil) they cannot be removed fiom the medium or contained.
Consequently, radioactive wastes are viewed as a community risk rather than a risk
borne by the individual property owner. This perception has been advanced by the
popular image of "arms' length" treatment of radioactive materials and by publicized
cases of radioactive materials spills or losses. The principal example in Ontario
involves the discovery of low-level radioactive contamination dating from dumping
during World War II in the soil of a residential area in Scarborough, Ontario.
The remedy proposed by provincial and federal governments was to remove all 4,000
tons of the soil for permanent storage elsewhere. Even though the levels of radiation
were low and the technical risks slight, vigorous opposition arose within localities
asked to accept the contaminated soil. The community of Bancroft, Ontario was
able to obtain an injunction stopping federal plans to move the soil to the nearby
Canadian Forces Base, Borden. Heated opposition in this case thwarted federal and
provincial disposal plans and emphasized the perception that low-level radioactive
wastt-s posed a risk to the community at large.

A second aspect of radioactive wastes is that they are perceived to have an insidious
effect on human health. It is popularly believed that unlike conventional hazardous
wastes which must be ingested or inhaled to cause harm, radioactive wastes need
only be nearby to impair health, and since their presence cannot be detected by
the human senses, harmful effects cannot be avoided by modifying individual behaviour.
While actual radiation effects vary substantially by type and concentration, the
perception exists that total avoidance of radiation is the only means of avoiding health
effects.8

A third and perhaps most significant influence on perception is the longevity of
radioactive wastes. It is popularly perceived that conventional industrial and chemical
wastes decline in potency over time and decrease in concentration through diffusion
in the environmental media. In contrast, radioactive wastes are perceived to be
enduring in potency over considerable periods of time. Although the actual half-
lives of different fission products vary substantially, the common perception is
that radioactive wastes are a permanent source of danger to the community and generate
a continuous "stream" of risk.

Given these properties of radioactive wastes and the substantial changes in perception
they generate, it is understandable that perceived risk has become the Central focus
of the low-level waste disposal siting process. Experiences such as the Scarborough
radioactive soil case have shown that it is impossible to dismiss perceived risks
from the facility siting process, just as it is impossible to dismiss perceived value
in a market transaction. Taking the example of a land owner who farms land that has been
in family hands for generations, the value of that land is actually a composite price
of the market value of the land plus the perceived value. A buyer wishing to purchase
the land must pay the landowner the market price plus additional compensation for its
sentimental value. The effect is to increase the total price.

The difficulty in siting radioactive waste disposal facilities is in systematically
and objectively evaluating risks in the siting process. The problem arises becauses
perceived risk is subjectively determined, consequently, it cannot be expressed in
probaba]istic terms and therefore cannot be used as a performance criterion in any
comparative or benefit-cost method of selecting one site from several candidate sites.
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However, waste facilities must be sited to accommodate the increasing volumes of M
waste even thouqh locations with naturally high willingness to accept risks cannot •
be objectively identified. The perception within the nuclear community is that
variation in the willingness to accept risks associated with radioactive wastes is
extremely low and relatively constant across the North American population.9 •
Peelle (1980) calls this the "inverse tragedy of the commons" wherein "people •
commonly avoid sharing the public responsibility for siting noxious or undesirable
facilities which fulfill essential public purposes".1° However, current opposition •
to radioactive waste disposal facilities should not necessarily be interpreted I
as a total rejection of nuclear technology, instead opposition may indicate that
substantial but unmeasured perceived risks are not equitably distributed or _
compensated within current siting procedures. I

THE INEQUITABLE DISTRIBUTION OF RISK

The inevitable outcome of siting hazardous or noxious facilities is an inequitable
distribution of risks and benefits within a region. This mal-distribution occurs
because major public facilities such as nuclear power plants and their associated waste M
disposal facilities generate power for regional and in some cases national markets. I
The benefits of pov;er generation are broadly distributed across the region, however
the costc including risk, are borne by the host community. McAllister (1976) argues
that the principal source of this inequity is distance represented by the size and I
spacing of facilities. Thus, the local community assumes spatially distributed B
risks, actual or perceived, while others elsewhere derive benefits. Moreover, the
benefits of a regional waste disposal facility, although large in total, are diffused •
throughout the population. Each actor in the region has only a small amount at stake I
in the decision. But the per capita risk for members of the host community is larger
because the risk is distributed among a small number of residents. Each member of the _
host community therefore has a large amount at stake in the siting decision (O'Hare, I
1977). If the benefits are broadly shared throughout a population, then logically •
the risks should be shared in a similar fashion. However, the conventional siting
process lacks appropriate mechanisms to distribute risks equitably (Peelle, 19S0). M

In an ideal world, to satisfy the demands of equity, it would be necessary to
physically distribute risks to be spatially congruent with the distribution of —
power consumers, most likoly with waste facilities located near centers of population. I
While such a siting distribution would spread risks in a fashion similar to benefits,
diffuse siting is both impractical and in the case of radioactive wastes, irrational.
Because of the physical requirements and design measures necessarily involved in siting I
radioactive waste facilities, it would be prohibitively expensive to develop a number m.
of small waste disposal sites throughout the community, principally because of losses
in scale economies. The abandonment of remote siting would also be irrational in that V
the ever-present obligations of the environmental planner to protect the health, safety I
and general welfare of the population would not be met. It has never been considered
rational to intentionally expose a greater population to risks, even risks with very _
low probabilities, when such risk exposure could be eliminated or endured by a smaller I
population. The principle of minimizing risk for the greatest number is a fundamental •-
aspect of rational thought regarding human life, and is followed consistently in the
facility siting literature by the use of remote siting as the principal means of I'
reducing uncertainties. I

I
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The present world is, however, far from ideal. In order to follow the conventional
wisdom of the siting process and make use of remote sites, it is necessary to distri-
bute risks inequitably in a region. The only means of resolving the NIMBY dilemma
is to develop non-spatial risk-sharing mechanisms. In the case of low-level radio-
active wastes, the appropriate means is compensation; payment in dollars, in other
goods and services, or in non-material benefits to the host community in exchange
for its acceptance of risk.

THE ROLE OF COMPENSATION IN FACILITY SITING

The use of compensation as a means of sharing social costs is « frequently used
method of resolving locational conflicts and one supported by the theory of welfare
economics. That theory rests on the basic assumption that each individual and by
extension each community is the best judge of their own welfare with regard to risk.
Although there appears to be substantial variation in risk-taking among age groups
and among social groups in the population, in each case the risks are judged
appropriate by the individual and are taken voluntarily. If the decision-maker
were able to determine the levels of risk acceptance among the populations of a
number of candidate sites, it would be possible to locate a radioactive waste
facility at that site where the risks generated and the risks accepted were equal.
This allocation would be socially efficient because there would be no risk
that remained uncompensated more than that willingly accepted by the population.

Unfortunately, such knowledge of community risk acceptance or aversion is beyond our
reach, particularly for perceived risks which are highly subjective. In the absence
of reliable assessments of risk and its distribution in space, facilities are sited
at locations where uncompensated risks are certain to be experienced involuntarily.
In such cases, compensation can be offered to offset risks. In theory, if the
benefits to the broader regional population exceed the costs of risk to the host
community such that compensation can be paid, and a social profit still remains
then the siting decision is socially efficient. This is the case for most siting
decisions since aggregate regional benefits typically exceed local social costs.
The difficulty is that for socially benign facilities such as sewer systems or
hospitals with ostensible local benefits and little risk, it has not been necessary
in the past to actually pay compensation. The fact that aggregated benefits exceeded
costs was traditionally considered sufficient indication that public welfare had been
improved. For low-level radioactive waste facilities, however, there are no ostensible
benefits for the host community, but a considerable level of perceived risk. In
this case, it has not been sufficient that compensation can be paid, rather, it has
become necessary that compensation actually be paid in order that public welfare
be improved. In this way the majority which does not bear its share of the risk
or impact of these facilities compensates those who bear a disproportionate burden.
With compensation, the waste facility, formerly void of benefits for the local
community, is perceived to generate benefits as well as risks and theoretically,
as perceived local benefits tend to exceed perceived local risks, the community tends
to see the facility favourably.H Moreover, since each community is the best judge
of its welfare, compensation must be deemed adequate by the community and accepted
voluntarily. If compensation is set at a satisfactory level and accepted voluntarily
by the community then risk can be considered appropriately shared.

Compensation has been used in Canadian environmental planning with increasing
frequency to offset the negative impacts of environmental pollution. Swaigen (1981)
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has arqued that to date, compensation for victims of pollution has predominantly
been "after-the-fact". Victims of pollution who can demonstrate physical impairment
or a material loss after it has occurred have been able to obtain compensation for
damages. Mechanisms for the payment of compensation have been introduced in several
pieces of environmental legislation within the last decade explicitly recognizing
the right of those individuals experiencing a degradation of environmental quality
to be compensated for losses (figure 1).

The mechanisms for compensating environmental damage in the federal and provincial
statutes cited in Figure 1 have several common attributes:

1. In most cases, compensation is paid directly by the agency or individual
responsible to the injured party. Direct payment is more equitable in
theory because users of the facility or product share costs as well as
benefits.

2. Compensation is limited to specific groups that have sustained environmental
damage. Compensation to other parties is found only in the investigation
and negotiation procedure of the Ontario Environmental Protection Act.

3. In al] cases, compensation is paid after the fact when an injury can be
shown to have occurred. Compensation is not required for facilities or
actions which are known to cause environmental impacts before they are
constructed.

However, Swaigsn has suggested that ideally compensation should be used as an
"inducement on polluters to modify their behaviour to anticipate and prevent
pollution" (emphasis added). This suggests the use of compensation before the
fact to modify the s.iting of a facility or its design to more equitably share
its environmental burdens.

COMPENSATION FOR SOCIAL AND ECONOMIC IMPACTS

While Canadian legislation presently requires compensation for environmental
damages after the fact, there is an increasing tendency to use prior compensation
to offset the social and economic impacts caused by the siting of major energy
and waste disposal facilities. The use of prior compensation for social and
economic impacts in the siting of facilities has occurred largely as a consequence
of Environmental Impact Assessment legislation in the United States and Canada.
In both countries, the legislation has broadly defined the environments affected
by such facilities to include social and economic environments, and has required
proponents to devise actions to prevent, change, mitigate, or remedy the effects
of their facilities on those environments. Compensation has logically developed
as the simplest form of mitigation in cases where impacts cannot be prevented,
changed or remedied. Impact assessment legislation also requires that impacts
and the measures devised to mitigate them be identified before the project has been
started. This allows negotiation of the adequacy of mitigation measures before they
are implemented.

Typically, compensation of this kind is aimed at offsetting measurable infrastructure
and social service impacts. It is intended to compensate for stress on social
service systems (schools, hospitals, police services) caused by the influx of the
construction population. It is also designed to compensate for stresses on local
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Figure 1

CANADIAN ENVIRONMENTAL LEGISLATION REQUIRING COMPENSATION3-^

LEGISLATION BURDEN OF
COMPENSATION

COMPENSATION
LIMITS

COMPENSATION
PURPOSE

The Nuclear Liability
Act (passed 1970,
proclaimed 1976}

An operator of a
nuclear facility has
absolute liabilitv

An operator can pay
up to $75 million.
Claims in excess of
$75 million are
heard by the Federal
Nuclear Claims Com-
mission.

Compensation for any
injury to health or
property from nuclear
material at an instal-
lation or in transit
to or from an instal-
lation.

The Pesticide Residue
Compensation Act
(1970)

The federal govern-
ment.

Compensation up to
80% of the market
value of a crop.

Farmers are compen-
sated if a pesticide
properly used under
the Federal Pest Con-
trols Product Act is
found in unacceptable
residue amounts in a
crop.

The Canada Shipping
Act, Part XX (1970)

Operators of ships
carrying "Pollutants
in Bulk" greater
than 1,000 tons are
required to contrib-
ute 15C/ton of pol-
lutant moving to or
from a Canadian port
to a compensation

Unlimited compensat-
ion from the govern-
ment administered
fund.

Compensation for any
vicrims of pollution
damage caused by ships
carry bulk pollutant».

The Fisheries Act
(1977 Amendments)

Owners, operators or
carriers of "delet-
erious substances"

Federal or provinc-
ial governments are
reimbursed for any
reasonable costs of
pollution prevention
or cleanup

The Environmental
Protection Act: *
Ontario (1971)
Investigation and
Negotiation Proced-
ures

Owners and operators
of an enterprise

Licensed commercial
fishermen are given
standing to seek com-
pensation from owners,
operators and carriers
for spills of deleter-
ious substances that
have interfered with
their livelihood

Compensation claim
negotiated by Board
of Negotiation act-
ing as mediator.
Decision is not bind
ihg. Claimants can
sue in Provincial
court.

Persons who believe
a contaminant has
caused injury to live-
stock, trees, crops or
other vegetation that
may result in an eco-
nomic loss are entitled
to compensation

*Swaigen points out that the Ontario Environmental Protection Act Investigation
and Negotiation Procedure was the first major attempt in Canada to deal with compensation
for pollution outside the common law framework in that persons other than those immediately
and materially injured could claim compensation. It is also the principal Canadian
example of a voluntary approach to compensation through mediation (Swaigen, 1981, p.56)
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CAN\DIAN ENVIRONMENTAL LEGISLATION REQUIRING COMPENSATION (continued)

The Environmental
Protection Act:
Ontario (1971)
Waste well disposal
security fund

Owner of waste dis-
posal well

Compensation paid
from fund of pooled
license fees based
on type and amount
of wastes disposed
of in well- Compen-
sation is limited
to amount in fund
and compering claims
of other injured j
parties.

Any person can claim
compensation if water
in any well, water
body or water course
used for ordinary
household purposes,
livestock or irri-
gation is rendered
unfit by operation of
a waste disposal well.

Source: Adapted from Swaigen, J. (1981)
Compensation of Pollution
Victims in Canada, Ottawa,
Minister of Supply and Services
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infrastructure (roads, sewers, water supply) due to construction and operation of the
facility. Risk impacts or non-material impacts have not been compensated in this
fashion.

Peelle (1979) has outlined compensation schemes for social and economic impacts
of three regional power generating facilities in the United States:

1. The Hartsville Nuclear Power Plant, a four-reactor facility developed
by the Tennessee Valley Authority;

2. The Skagit Washington nuclear power plant, a two-reactor facility
developed by the Puget Sound Power and Light Utility;

3. The Wheatland Wyoming coal-fired power plant, a three-unit facility
developed by the Missouri Basin Power Project.

The findings of Peelle's analysis indicate that for compensation of social impacts,
the costs relative to the total costs of the projects are moderate, ranging from
0.29% to 1.38% of total cost.

Figure 2 PROJECT CHARACTERISTICS 7\ND MITIGATION COSTS13

CHARACTERISTICS
AND MITIGATION COSTS

HARTSVILLE
TENNESSEE

(TVA)

SKAGIT COUNTY
WASHINGTON

(Puget Power & Light?

WHEATLAND
WYOMING
(MBPP)

fuel

size

project, cost

mitigation cost

costs per KWh

percent of total
cost

nuclear

4 units - 1269 mw
each

-$3.5 X 109

$10 X 106

0.03 mills

0.29

nuclear

2 units - 1300 mw
each

-^$1.9 X 109

variable costs
each year - peak
year = 125,000 -
600,000

0.033 mills

coal

3 units - 500 mw
each

-$1.4 x 109

$19.3 X 106*

0.18 mills
(for all mitigation
costs = $19.3 X 10 )

1.38

* Actual mitigation cost = $19.3 X 106 - 15.0 X 10° recoverable cost = $4.3 X 106

Source: Adapted from Peelle, E. (1979) pp. 135-137
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Although the data are preliminary in nature, Peelle's analysis indicates that the
compensation plans examined are a cost-effective means of reducing the uncertainties |
and delays in siting facilities due to local community opposition. Her study indicates I
that the three compensation plans cover most of the potential impacts identified by
the impact assessments conducted for each project. Consequently, the material
changes that might have been the basis for local opposition have been dealt with. I
It is also instructive that two of the three projects (Skagit and Wheatland) have •
provided additional compensation for numerous uncompensated impacts such as inequitable
distribution of risks and benefits. Since it is the issue of risk which presently
troubles the siting of radioactive waste facilities, the Skagit and Wheatland
compensation plans indicate that compensation for non-monetary impacts like
perceived risk is feasible.

While there are many Canadian examples of compensation after the fact to offset
damages caused by specific pollutants, the principal Canadian example of prior
compensation to offset social and economic impacts is the Ontario Hydro - Atikokan
Community Impact Agreement (1981) negotiated between the Township of Atikokan and
Ontario Hydro.14 This agreement was negotiated to compensate the Township for
housing, sewage treatment, roads, and other social service impacts resulting
from the construction and operation of Ontario Hydro's 800 megawatt coal-fired
power generating facility in that community.

In return for compensation paid to the community, Ontario Hydro obtained:

1. guarantees that all approvals, permits, and licenses for the facility
would be forthcoming from the Township

2. guarantees that the Township would not oppose Ontario Hydro in seeking
approvals under the Environmental Assessment Act

3. an agreement that limits Ontario Hydro's liabilities to the Township
to the terms and amounts specified in the agreement.

The agreement precludes the community from engaging in any future opposition
to the project and it allows for the rapid processing of approvals thus reducing
the delays currently associated with energy facility siting.

Two aspects of the Atikokan agreement are relevant to a discussion of compensation
for radioactive wastes:

1. The agreement was negotiated with the community rather than being determined
by the utility and imposed as a side payment (Wolpert, 1973). In this manner,
the community has been able to judge its own level of welfare and has accepted
the compensation package voluntarily. The decision has been socially efficient
because the community has been compensated at a level equal to its perception
of social costs.

2. Compensation has been directly paid by the utility to the community, thereby
redressing the characteristic spatial inequity between benefits and impacts.
In this case, those who benefit from the facility (the utility and its
customers) p^y its full social costs thereby offsetting the "dissociation"
between benefits and risk created in the facility siting process (Peelle,
1979, p. 133).
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However, it should be noted that compensation in the Atikokan agreement is intended
only to offset material impacts. Proof of impact is required by the utility
in order that compensation be paid, excluding from the compensation agreement
any non-material impacts including risk. The agreement also imposes an end-date
after which compensation payments cease. Any enduring or continuing "stream" of
impacts after that date would remain uncompensated.

The cost of social and economic impact compensation to Ontario Hydro is set at
$1,100,000 ($1.1 X 106) or 0.165% of the $666 million total cost; a cost that
compares favourably with the mitigation program for the Wheatland Wyoming
coal-fired generating station reported by Peelle.15 The Ontario Hydro program
is considered to be cost-effective because expected local opposition is not likely
forthcoming at either the local or provincial approvals stages. Ontario Hydro's
report on the agreement indicated

"it is likely that money spent under the agreement
process would have to be spent anyway to redress
impacts...and at much higher public relations costs."16

COMPENSATION FOR RISK

Simply mitigating social and economic impacts, while a progressive step, is not
sufficient to overcome local opposition to radioactive waste facilities because
such payments do not specifically offset perceived risk. Such payments may be
sufficient in the case of facilities with low perceived risks but are not likely
to be adequate in siting radioactive waste facilities given prevailing perceptions
of risk associated with radioactive materials.

Compensation to communities for risk is the logical extension of compensation
for social and economic impacts particularly for radioactive waste disposal
facilities, since perceived risk is the major social and economic impact
of such facilities. Moreover, che objectives of a risk compensation program,
to overcome local opposition and avoid project delays and escalating costs,
are similar to those in the social impact compensation agreements outlined
above. As Carnes (1982) suggests, current rejections of nuclear waste disposal
facilities by communities do not neccessarily mean the total rejection of nuclear
power technology. Rather, it is likely they indicate that substantial perceived
risks are presently passed on uncompensated to the host community.17

In discussing the temptation of most governments to pass preemtive legislation
forcing local communities to accept radioactive waste disposal facilities, the
Ford Foundation study on energy in 1979 recommended instead a compensation program
for risk.

"Much of the burden, particularly that arising from public
anxiety about health and safety consequences, is borne by
State and local governments. If federal preemption legis-
lation were passed, it would be desirable (and no doubt
politically unavoidable) to provide federal subsidies to
those state and local government units in places where the
wastes would be stored, not simply to cover the direct costs
imposed on them but also to overcome local political resistance.
Such payments could take the form of £ transfer to local
governments of some of the fees paid by storing utilities.
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Figure 3 INDIVIDUAL AND COMMUNITY fîESPONSES
TO SITING A NUCLEAR WASTE FACILITY IN COMMUNITY
BEFORE AND AFTER OFFERS OF INCENTIVES (IN % ) *

A. Individual responses
Before incentives offered
After incentives offered

IN FAVOUR

22%
42%

B. Community responses
i. Nuclear Host Community (N=217)

(with no waste site potential)

Before incentives offered
After incentives offered

44.2%
67.3%

ii. Potential Host Coirmunity (N-112)
(little or no discussion of
siting has taken place)

Before incentives offered 43.7%
After incentives offered 54.5%

iii. Potential Host Community (N-105)
(after public discussion of
possible siting)

Before incentives offered 14.3%
After incentives offered 32.4%

OPPOSED

71%
47%

55.8%
32.7%

56.3%
45.5%

DON'T KNOW/
NO ANSWER

7%
11%**

85.7%

67.6%

Source: Kelly, J. (1900) cited in
Carnes, S.et al (1982) p. 77

*Data on community respond ~*s obtained by personal communication with John Kelly,
Complex Systems Group, University of New Hampshire, October 1982

**The increase in the "DON'T KNOW/NO ANSWER" category may suggest a further
tendency to support a waste facility after compensation since certainty in
opposition has been reduced
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Many states and localities would find the prospects of tax
relief through federal payments a powerful incentive to
cooperate in the selection and approval of sites, so one
could expect that competition among them would lead to a
reasonable limit on the federal sums required."18

Theoretically, local attitudes tend to be favourable toward facilities that
provide employment and financial benefits or toward facilities where perceived
local benefits exceed perceived local costs.^ Limited evidence to support this
contention is found in Kelly's survey of three Wisconsin communities done in 1980
to assess the attitudes of local residents toward nuclear waste disposal facilities.
Kelly's survey is of particular relevance because most surveys taken on nuclear
siting issues ask respondents to choose between siting alternatives without offers
of incentives or compensation. The Wisconsin survey, however, allowed respondents
to indicate what they would be willing to accept to consent to the siting of a
facility in their community.

The survey results indicated that offers of compensation increased local support
for siting a waste disposal facility in the community from 22% to 42% and reduced
opposition from 71% to 47%.20 <£he results also indicated that increases in local
support were greater in communities which already had a nuclear facility compared
to communities with no existing nuclear facilities (figure 3 ). A third but
important finding was that individuals tended to change their views substantially
in response to changes in the kinds of compensation offered. As Peelle (1980)
suggests, monetary compensation is not always sufficient.

The change in attitude in response to various incentives, both monetary and non-
monetary, is illustrated in figure 4. Respondents were asked first if substantial
payments to their community were enough to gain acceptance. If the answer was
negative, an additional incentive was added. The cumulative percentage indicates
increasing acceptance of the facility in the community given the accumulated
incentives up to that point.

I Figure 4 CUMULATIVE ACCEPTANCE OF INCENTIVES TO
SITE A NUCLEAR WASTE FACILITY IN A

COMMUNITY (N=426)

• INCENTIVE

I I. Substantial payments to your community

2. Access to information
3. Independent monitoring

1 4. Representation on the facility governing board

5. Local power to shut down the facility
6. Other
7. Unacceptable under any conditions

1 8. Don't know/no answer

RELATIVE %

17
13
12

d 10
11
3
17
16

CUMULATIVE %

17
30
42
52
63
66
83
99

Source: Kelly, J. cited in
Carnes, S., et al (1982) p. 74
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Given the various incentives offered, only 17% of all respondents maintained
the facility was unacceptable under any conditions. This suggests that packayes •
of incentives which are not necessarily confined to material compensation are I
effective in altering public attitudes toward facilities with substantial
perceived risks. It also suggests that packages of incentives can be negotiated to
meet the specific compensation needs of a candidate site community. I

A REVISED FACILITY SITING PROCESS WITH RISK COMPENSATION

O'Hare (1977) has suggested that in the case of multiple candidate sites, the I
possibility exists of offering payments to each candidate site and allowing them
to bid competitively for the facility. He argues that competitive bidding among
candidate sites would tend to elicit the socially efficient choice among sites I
since competition would tend to reveal the "true" social costs of risk. The early '
bids of candidate sites would likely be overestimates of social costs with each
community hoping their first bid would be accepted. Subsequent downward bidding \
pressures would prompt each community to eliminate exaggerated portions of their (
bid, thus moving bids toward a lower "true" social cost. That true cost would be
the minimum acceptable bid where compensation offered would equal the cost of ;

perceived risk to the community. J

The notion of auctioning an unwanted facility to the host community willing to
accept the lowest package of compensation benefits, while interesting theoretically,
is somewhat removed from the present Canadian reality of locating suitable sites
for low-level radioactive waste facilities. Bidding is not likely to occur given
the present perceptions surrounding radioactive wastes. Moreover, there are
substantial logistical difficulties involved in setting up such a process.

It is, however, possible to employ the spirit of O'Hare's bidding model in the
Canadian siting context. This would involve the addition of a compensation or
incentive stage added to the conventional facility siting process (figure 5).
Where previously, the facility siting process would have begun evaluation of a
set of candidate sites, this process introduces a compensation determination
stage similar to that conducted in Ontario Hydro's Atikokan agreement. Determination
of compensation would begin with social impact and risk assessment studies conducted
for each candidate site. Such studies would then be used as the basis for open
negotiations with candidate communities in setting compensation for perceived risk.
After the set of negotiated incentives packages are determined, offers of incentives
linked to the facility would be extended to each community. In some cases,
communities would reject their offer because of an inherent aversion to radioactive
waste facilities at any price.21 After those sites are withdrawn, the remaining
set of sites willing to be compensated and their associated incentives packages
are entered in a conventional evaluation as costs and benefits. The candidate
site and incentives packages would be evaluated using benefit-cost analysis to
select that site and its associated incentives that provide a least cost location
for the facility.

This amended siting process would induce communities to move toward a "true"
social cost because several communities would be bargaining simultaneously in
open, public negotiations. The awareness by one candidate community that other
communities are also negotiating would have much the same effect as bidding, that
of exerting downward pressure on their demands for incentives in their respective
incentive packages.
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Figure 5

THE FACILITY CITING PROCESS WITH RISK COMPENSATION

ALL POSSIBLE SITES

SET OF CANDIDATE SITES
(all technically
acceptable)

SET OF INCENTIVE
PACKAGES

SI, S2, S3,

S I S2 S3

•Js

PI

-t/

P2 P3

,Sn

CONVENTIONAL SITING PROCESS
(sitescreenir.g by inclusion,
exclusion, or comparative
methods)

S4

P4

S5

P5

INCENTIVE DETERMINATION
(social impact/risk
assessment and open
negotiation with
candidate communities)

OFFERS OF SITING WITH
INCENTIVES
(some are eliminated -
rejection at any price)

53

O

I
SET OF CANDIDATE SITES
WILLING TO BE COMPENSATED
AND ASSOCIATED WITH
INCENTIVE PACKAGES

S I
PI

V

S2
P2

*•

S 4
P4

EVALUATION COST/BENEFIT EVALUATION

1
SELECTED SITE AND
INCENTIVES

S2
P2
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CONCLUSIONS

In the radioactive waste disposal case negotiated compensation would likely I
produce variations in incentive aggreements commensurate with perceived risk. "
Low-level radioactive waste facilities would tend to elicit moderate awards
for tolerating perceived risks, while high-level waste disposal facilities I
would command higher incentives levels. If compensation is paid, the inequitable I
distribution of risk would be redressed in a socially efficient (Pareto optimal)
manner. A large but diffuse group of power users would be made better off while a 1
small local group would be prevented from being made worse off through payments I
beyond conventional costs (infrastructure or social services costs) that are
openly negotiated and voluntarily accepted.

If compensation cannot be paid in any location; if the NIMBY syndrome is •
ubiquitous and all compensation offers for every candidate site are judged
insufficient, then given the logic of welfare economics, the waste facility I
should not be sited. However, the evidence presented in this paper suggests |
there is sufficient variation in attitudes toward risk among localities that
a uniformly negative response to risk-compensation agreements is unlikely.
It has also indicated that opinions concerning nuclear waste facilities can
change significantly given risk-compensation agreements that include both '
non-monetary and monetary incentives.

1
There is, however, a consensus of opinion in the facility siting literature i
that several pre-requisites for risk-compensation agreements must be met before
incentives negotiations can be effective in resolving NIMBY situations:

1. The proponent must demonstrate that a minimum level of public health
and safety has been assured through appropriate design and siting
measures (Farkas, 1981)

2. The local community must have a significant level of control in
negotiations. It is not sufficient for the proponent to set the
compensation, rather that the local community negotiates compensation
under conditions of fairness.

3. The local negotiating body must legitimately represent the interests
of the community in order to express its perceptions and needs (Carnes,
et al, 1982).

Provided that public health and safety has been assured in the siting and design
process, and given fair and open negotiations for risk-compensation are conducted
with a legitimately representative body (negotiations in which the local community
is able to exercise a reasonable level of control) it is likely that the difficulties
characteristically associated with the NIMBY syndrome can be reduced. It is also
feasible that prior compensation can be introduced into the siting process
as a means of increasing the cost-effectiveness of compensation schemes by
exerting downward pressure on monetary and non-monetary demands through
competition among candidate sites.
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i. inclusion screening — candidate sites are included
• if they satisfy a number of criteria

ii. exclusion screening — candidate sites are excluded
because they faiJ to meet one or more criteria
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Calzonetti cites the Kaiparowitz coal-fired power plant in southern Utah
as an example of delay costs due to opposition. In 1961, the 5000 megawatt
plant was estimated to cost $500 million. In 1976, after having reduced
the size of the plant to 3000 megawatts, and aftei" having revised the cost
upward to $3.7 billion, the proponents withdrew their application citing
rising costs, and years of delay, opposition and "red tape".

Although delay costs due to public opposition are difficult to estimate,
the impression given by proponents is that delay costs are substantial.
(Calzonetti, 1981, p. 1)

Cases in the Toronto region which indicate entrenched opposition include
the Pickering Airport proposal, the Spadina Expressway project, and the
Darlington Nuclear Generating Station. In these cases, opposition has
been sustained and vigorous.

The three principal methods of using performance criteria to select sites
are:

iii. comparison screening — sites are rated on their degree
of acceptability using a weighting scale containing two
or more criteria. A cut-off level is established to
indicate minimum acceptability.

4. Carnes has suggested that the number of locations for high-level radioactive
waste disposal are limited by restrictive performance criteria.
(Carnes, S., et al, 1982)

5. Teitz (1968) has argued that even though locational decisions for
noxious facilities have important social welfare consequences, the siting
decision is essentially political. Thompson (1980) suggests that having
a good technical method of site determination does not mean automatic
acceptance because siting obstacles are political, particularly in the
multiple site case which involves most siting decisions.

6. In Ontario, such decisions are usually made in Cabinet with the facility
exempted from the requirements of the Environmental Assessment Act (1975)
to avoid delays or opposition. An example is the attempt to impose a
regional hazardous waste treatment and disposal facility in South Cayuga,
Ontario in 1981.

7. Ontario Hydro's siting decisions for nuclear generating stations indicate
"clustering" effects. Four reactors are sited at Darlington and Bruce
generating stations while Pickering has eight.
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8. Andrews (1976) estimates variations in healt-h effects due to exposure to
varying kinds and concentrations of radiation.

9. Thompson (1980) has argued that there is considerable variation in the
willingness to accept risks between different cultures while Kelly's •
(1980) survey of Wisconsin communities indicates some variation between I
communities in their willingness to accept risks determined by the kinds
of facilities which already exist in those communities.

10. Peelle equates the tendency to overuse common property resources ("public !
goods") with the tendency to shun the responsibility of managing common
wastes ("public bads"). (Peelle, 1980, p. 3)

11. Peelle's review of survey data on facility siting suggests that public
attitudes tov/ard facilities tend to be favourable where perceived local
benefits exceed perceived local costs. (Peelle, 1980, p. 8)

12. American legislation has also introduced compensation requirements into
environmental legislation. For a summary of the principal U.S. compensation
agreements, see The Ford Foundation, Energy, The Next Twenty Years, Resources
for the Future, Eallinger Press, 1979, pp. 525-527.

13. It should be noted that Peelle1s preliminary figures indicate sizeable
variations in cost (0.03 mills per KWH to 0.18 mills per KWH) which likely
reflect the different packages of social and economic compensation negotiated
with each community and variations in the method of calculating program costs.

14. The social and economic impacts of the Atikokan generating station were
identified prior to negotiations for the agreement in social impact
assessment studies conducted by Proctor and Redfern, consultants, in 1976.

15. The Atikokan total capital cost figure of $666 million was obtained from
the Ontario Hydro Briefing File, Inquiry and Research Services, Public
Relations Division, Toronto, July 1982, p. 5.

16. Ontario Hydro (1981) Atikokan Community Impact Agreements, Toronto, Ontario
Hydro, July 1981.

17. Carnes, S., et al, (1982), p. 16

18. Ford Foundation (1979), p. 525

19. Peelle (1980), p. 7

20. Freeman, in his discussion of willingness-to-pay questions in surveys, points
out that there is little incentive for the respondent to give an accurate
answer. In surveys, respondents inflate their willingness-to-pay for
environmental improvement. If they told the truth, the environmental improvement
they would get would be small. If they can increase the amount of environmental
improvement through their responses but pay the true amount later they will
have received additional unpaid environmental improvements.
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Similarly, respondents would tend to inflate their willinqness-to-accept
compensation for risk. If they told the truth, the amount of compensation
they would get would be small. If they can increase the amount of compensation
through their responses, they will have received more compensation than they
really require.

Given this logic, it is likely that there is a greater true willingness-to-
accept compensation in the community than is revealed by Kelly's survey
responses.

21. An example of outright rejection can be seen in the decision taken by
Wannan, Saskatcheqan in 1980 to unequivocally reject the proposal by
Eldorado Nuclear to site a yellowcake processing facility in the community.
The Mennonite townspeople refused to allow the facility to be built in their
community for religious and moral reasons.
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Canadian Uranium Supply and Demand.

In a paper at the recent Uranium Institute Symposium,

Dr. Chauncey Starr stressed the need to separate the link in the public's

mind between the meaning of "nuclear power" for the generation of

electricity and its meaning when applied to nuclear weapons. He

suggested using the term 'uranium power" in lieu of "nuclear power" when

referring to the generation of electricity. This is an important

distinction because, in the minds of some people nuclear energy for the m

generation of electricity is inextricably linked with its use for nuclear |

weapons. With the increased public pressure to reduce the nuclear arms

race, it is imperative that some action be taken to clearly separate, in I

the minds of the public, uranium's two roles. Except for the future use

of thorium, all electricity generated in nuclear reactors, including fast ff

breeder reactors, will be based on uranium resources. A significant

portion of the world's uranium requirements will come from Canada since n

we have been and will continue to be a reliable and important supplier of «

uranium. ..

Production scenarios and the future relative share of the world

market are constantly changing due to the closures of high-cost mines I!

when prices are depressed and the start-up of new mines as a result of

discovery of new deposits. In Canada this year for example, we have seen II

the closure of the Beaverlodge mine in Saskatchewan and the Madawaska

mine in Ontario. Currently, however, Canada is maintaining its position \t

as the second largest producer of uranium accounting for 15 - 17% of ''

world production. Certainly for most of the 1980s, at least, we will >f
maintain or increase this share. I
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At the present time I see two issues facing the uranium industry

in Canada.

1. The unstable market; and,

2. The proposed legislation restricting imports into the

United States.

I
i
f
i
I

The first, the unstable market, is one which I expect the
1 industry will have to face for some time. Slowdowns and cancellations in

nuclear programs world-wide have caused buildups of inventories and the

( creation of a large secondary market for uranium. Competition in this

secondary market coupled with competition among a few low-cost uranium

- producers has caused a dramatic drop in the spot price of uranium from

1 the $US 45/lb U3OQ prevailing in the late 1970s to today's level of

about $US 17/lb U3Og. I must say that this spot price does not

I reflect the prices in long-term contracts. While these prices have also

dropped, the decline has" not been as dramatic. $US 35 to $US 40/lb

I U3°8 *s m o r e the norm today for negotiated prices under long-term

contracts. Nevertheless, if activity in the secondary market continues

1 so as to keep the spot price at $US 17/lb u\Ofl or even lower, it will

• undoubtedly have a bearing on long-term contracts and could force more

high-cost producers to curtail production.

There is no easy answer for governments in this difficult

I period. Some think that there is nothing governments can do, that the

market must take its course with the resulting closure of high-cost mines

I to correct the imbalance of supply and demand. Others think the

Australian government's approach, which requires a stable floor price in

1 contracts will lead to stabilization of the market. The policy in Canada

with respect to export control was adopted at a time when the market from

( the producer and the producer-government's viewpoints was strong. While

the regulating agencies had been reviewing contracts for the export of

j uranium to ensure their consistency with Canadian government policy since

| 1969, the Minister of Energy, Mines and Resources in 1975 directed the
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Atomic Energy Control Board to establish an advisory group known as the

Uranium Export Review Panel to carry out this contract review function.

In its first two years of operation the Panel was faced with rapid

increases in the uranium spot market prices. As a consequence Ministers

were faced with approving at a given time contracts with a wide range of

pricing conditions. This situation led to a Cabinet decision in December

1976 to require all new contracts to stipulate annual renegotiation of

price based on market conditions and to provide for a floor price which

would protect investment in production facilites. The policy contained a

number of general modifiers to allow departures from market price in the

annual renegotiation. These modifiers are open to different

interpretations and meanings. Consequently, officials in today's

uncertain market have had considerable difficulty in administering the

policy. A policy review has been underway for some time and officials

will be using the review to seek clarification of policy from Ministers

and to obtain formal input and comments from the Industry. We have, of

course, kept in communication with industry on an informal basis and the

outcome of these discussions and comments have been reflected in the

review to date.

The second issue facing the uranium industry is the threat of

legislation by the US government which could restrict uranium imports

into the United States. The Canadian government resisted the

introduction of this legislation from the time it was first proposed by

Senator Domenici in 1980 . We have presented several diplomatie notes,

and have had bilateral discussions to remind the US government that, in

our view, such legislation is in contravention of US GATT obligations.

We view the proposed legislation as one of protectionism by the United

States and one which will certainly distort the uranium market. The

Canadian Government, in cooperation with the Canadian uranium industry,

will continue to urge the United States government not to proceed with

the legislation. The problems of the U.S. uranium industry are not

caused by imports but by the slowdowns in the U.S. nuclear power programs.

Outlook» Not rosy, but not black either; some think there are some

tentative signs that the worst may be over.
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Nuclear Power

Turning now from the supply of uranium to nuclear power, the picture,
is, I am afraid, somewhat cloudy.

- helpful to review where we are coming from.

I - NIR undertaken nearly two years ago, albeit published only this
summer.
what did the NIR say?

• ' - relatively short-term gap, drought to mid-19801s.
I - good domestic prospects for orders past 1985.

.Ontario: post-Darlington reactors for mid-19901s unplaced

( shop order in mid-1980's.
.Quebec: moratorium to "85, but completion of Gentiliy-2
site could mean 3 units; -demand in 5% range. Hydro
(nuclear + 25%) would run out in mid-late 1990*s.

1 - some export prospects as gap fillers - Mexico, Korea.
NIR therefore, light at the end of the tunnel;

- unfortunately, that light is beginning to dim.

1 - Exports;- .LWR - continues to be a formidable competitor; no
CANDUs operating outside Canada.

.Mexico - some financial problems.

1
nuclear program vanished.

.Romania -situation complicated; insufficient debt
* service capacity still unresolved; may

still go forward but there are risks.

> .Korea - arguments for twinning Wolsung I weaker now;

no significant indication the Koreans are
anxious to proceed.

( demand is down but relations improved.
.Japan - will likely build their own.- Domestic:-.Quebec - once seen as key; nov; demand forecasts so

low that $80 billion capital investment
program cut to $35 billion.

.Ontario - demand forecasts continue to slip;
Darlington units may slip;
post-Darlington certainly will.

- Therefore outlook not encouraging.

BUT: Economic turnaround may have profound effect on electricity demand.
The 3-5 year period of uncertainty foreseen in the NIR unquestionably has
lengthened, but it may not be lengthening in the end as much as one might
pessimistically conclude on the basis of recent developments and the most
up-to-date demand forecasts.

Needed - a survival mode to preserve nuclear capability; get together to
identify what can be done.
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THE CANADIAN NUCLEAR INDUSTRY: WORTH FIGHTING FOR?

Real L'Archevêque, Ph.D., Eng.
President, Canatom Inc.

It was with a certain apprehension that I had accepted the
invitation of the Canadian Nuclear Association to address this
seminar on the "Uranium and Nuclear Issues" as a representative
of the private sector.

I My concern grew even deeper when I realized, from looking at
the program, that I would be preceded and followed by such
respected spokesmen of the public sector as Mr. Hollback, who

( would no doubt present with authority the viewpoint of Energy,
Mines and Resources (EM&R) on government policies, and
Mr. Ledingham, who would talk economics and add the perspective
of the Ministry of Industry and Tourism on Ontario's successful

I nuclear program.

It had been suggested that I should present the point of view

I of the private sector on the state of the nuclear industry.
This, indeed, would be a challenge in these days when the fu-
ture commercial viability of CANDU and of the related industry
is questioned.

But no one can speak for the private sector! No more than any
one individual or institution could pretend to be the voice of

I the entire Canadian nuclear industry.

So, rather than stand as some prophet of the private sector, I

I will simply present to you a subjective interpretation of what
others have said about the problems of our industry and, more
importantly, about the proposed solutions.

To avoid any misunderstanding about our basic premise, let us
first define what we mean by "nuclear industry".
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1. THE CANADIAN NUCLEAR INDUSTRY: A COMPREHENSIVE DEFINITION

The expression "nuclear industry" or "the industry" is popular- I
ly used to refer to the manufacturing sector or the private •
sector, leaving out important and often dominating actors.

For the purpose of this presentation, our definition only |
excludes the mining sector, which does not depend primarily on
the CANDU market^). It includes all other players who have •
shaped the Canadian nuclear industry and upon whom depend the I
ultimate survival and growth of this industry, namely:

Atomic Energy of Canada, I
Ontario Hydro and other provincial utilities, *
Consulting firms,
Manufacturers, M
Financial institutions, J
Canadian and provincial governments,
Canadian public. m

The interaction between these players is as important as the
players themselves. It is not enough to examine the elements
separately; one must recognize the vital importance of develop- Ï
ing a working relationship, an infrastructure

2. THE STATE OF THE INDUSTRY: AN UP-TO-DATE ASSESSMENT I
Much has been said or written lately about the Canadian nuclear •
industry, its elements, its difficulties and its competitive- I
ness in the world market. Results often appear contradictory
and recommendations are met with varying degrees of skepticism,
approval, or even opposition. I

To try and draw a lesson from this, we will compare and inter-
pret freely the results of two studies on the subject: the I
SËCOR report published in March 1981, and the Nuclear Industry |
Review report (NIR) issued by Energy, Mines and Resources a few
months ago. The first study was sponsored by a group of firms -
from the private sector; the second was, as the name implies, I
sponsored by the government. •

From the information found in both of these studies, we will I"
attempt to reassess the state of the industry and see whether I
or not its performance can be improved.

I(1) The mining sector contributes approximately 20% of the
total direct employment in the Canadian nuclear industry,
and gets only 1.8% of the business from the CANDU-related I
programs. (Réf.: Economic Impact of Nuclear Energy |
Industry in Canada, Canadian Nuclear Association, August
1978, L'uranium au Canada, evaluation en 1980 de l'offre •
et des besoins, Énergie, Mines et Ressources Canada, I
September 1981, and Uranium Inquiry Nova Scotia, Canadian *
Nuclear Association, October 1982).
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Finally, we will suggest ways and means of removing some of the
roadblocks which are now limiting our ability to survive in
this market.

Given the short time available, we will concentrate on the main
conclusions of the two studies, and on the strategies they
propose in order to salvage the Canadian nuclear industry.

Table 1 presents, side by side, the main conclusions of the
SÉCOR and NIR reports regarding the state of the CANDU as com-
pared to the Light Water Reactor (LWR) (its main competitor),
as well as the relative competitive positions of these two
products in the world market.

Both studies agree, with different degrees of assertiveness,
that CANDU has to compete with the LWR in the world market.

Ihus, these two products, whose demand depends on the growth of
energy consumption and increasing need for fuel substitution
(oil/coal to uranium), are compared in terms of competitive
positions in the world market.

Both studies agree, again with somewhat different degrees of
assertiveness, that:

in terms of standardization of equipment and of manufac-
turing and construction procedures, the LWR is ahead of
CANDU;

in terms of costs, front-end costs are higher for CANDU
than for the LWR, although, given lower operating costs
and higher performance factors, the overall costs either
level off or are lower for our product;

in terms of technology, opinions vary from about the same
to better in favour of CANDU, although from a client's
point of view, it seems that the two competing products
are edge to edge ;

in terms of structure of the industry, the spread of
knowledge and lack of coordination which characterize our
•«ndustry, as compared to a competition whose design and
production capability is centered around a manufacturing
vendor, make our product uncompetitive or less competitive
than the LWR.

Given all of the above, SÊCOR concludes that, although the
demand for nuclear reactors does de^nd on the growth of energy
consumption (as the EM&R report also says) , for CANDU in
particular, the demand will be affected dramatically by its
competitive position as compared to the dominant LWR.

Both studies agree that the Canadian industry is indeed in
difficulty and, if something is not done quickly, it will die a
slow death (within the next three years or so).
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TABLE 1

State of the Industry: CANDU vs LWR
As Viewed By SËCOR and NIR

PRODUCT/MARKET
CHARACTERISTICS

PRODUCT

CANADIAN INDUSTRY
COMPETITIVENESS

- STANDARDIZATION

- COSTS

- TECHNOLOGY

- STRUCTURE

DEMAND FOR PRODUCT

STATE OF THE
INDUSTRY

SÉCOR
CONCLUSIONS

Competing head-on
with LWR

Un compe t i t i v e

Uncompetitive

About the same

Uncompetitive

Re .la ted to energy
consumption growth

Overall competitive
position

Critical

EM5.R
CONCLUSIONS

Competing with LWR
on the world market

Less competitive

Less competitive

Better

Somewhat lacking
competitiveness

Related to energy
consumption growth

Critical

Sources: A Strategy for the Development and Strengthening of
the Canadian Nuclear Industry, SÊCOR INC., March 1981, and
Nuclear Industry Review: Problems and Prospects 1981-2000,
Energy, Mines and Resources Canada, 1982
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3. TWO RECIPES FOR SURVIVAL: PRODUCT DEVELOPMENT AND MARKET
PENETRATION

As previously mentioned, the SÉCOR and NIR studies agree in
saying that the short- and medium-term prospects for the Cana-
dian nuclear industry are gloomy, mainly due to increasingly
deceiving energy consumption prospects.

Both studies consider the present state of the industry criti-
cal/ and both suggest that quick action be undertaken in order
to rescue the industry.

But they disagree on the medicine the industry needs to
survive.

SÉCOR says that the LWR product, given its standardized design
and given the industrial structure under which it is marketed,
sold and built (that is, a manufacturing vendor), tends

to decrease the producer's and client's commercial risks
and costs ; and

to increase the producer's profit margin.

Under the same set of conditions, SÊCOR goes on saying, the
CANDU product has not yet reached, and will not reach, a
similar state of development, unless

the industry is restructured around a strong manufacturing
vendor;

the CANDU is aggressively pushed in the international
arena; and

CANDU captures at least 20% of the world market.

Such a strategy of "Product Development" would contribute to a
more standardized version of CANDU and, together with a more
aggressive sales promotion,, would bring the development of our
product to about the same level now enjoyed by the LWR and,
thus, would render our product as competitive.

The NIR report proposes a different approach. It observes or
concludes that

to restructure the industry is too risky and, besides,
there are no assurances that, by doing this, the industry
will strike new sales;

the structure of the Canadian industry has served, and
still serves, well the Canadian needs;
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a little improvement, in terms of rationalization of the
manufacturing industry (which may do some good), will come
anyway due to normal attrition (too many competitors for a
smaller piece of cake); and

since the export market is definitely too aggressive for
us,

NIR proposes to build CANDU's in Canada and to export energy to
U.S.A. utilities.

Such a strategy of "Market Penetration" {in this case, penetra-
tion of the Canadian market) would avoid competition with the
LWR and would help keep the Canadian industry alive for the
next two to eight years (or so), until energy demand resumes.

Both strategies are compared in Table 2.

4. THERE IS NO MARKET FOR CANDU...

The two approaches appear fundamentally different, yet it is
not immediately obvious which is right or which is wrong.
SÉCOR says "you must restructure or else...", while NIR says
"hang on, it will get better".

There is one major point on which both rej-orts agree: there is
no market for CANDU. Let's have a closer look at the market
prospect for the rest of the century, using the same data as
presented by SÊCOR and NIR, to see whether there is a market
for CANDU.

Based on Table 3, there seems to be no market in Canada, even
if some CANDU's are built for exporting ^n^rgy to U.S.A.
utilities.

In effect, according to the NIR study, "Minimum capacity
utilization to maintain (manufacturing) capabilities was stated
on the average to be one reactor order per year"; the potential
which the Canadian market offers falls short of a minimum
requirement of one reactor order per year.

According to Table 4, the potential world market would seem to
be more encouraging: up to approximately 255 000 MW of nuclear
power still would have to be committed by the Year 2000.

However, the following considerations cool down our sudden
enthusiasm:

Approximately 90% of these additional 255 000 MW would be
committed by the so-called industrialized nations (such as the
U.S.A., France, etc.). Canada has never been able to strike a
single sale in these countries and there are no indications
that we could do so in the near future.



TABLE 2

SÉCOR and EM&R Strategies: A Comparison

STANDARDIZATION OF DESIGN,
EQUIPMENT AND CONSTRUCTION
PROCEDURE

CLIENT'S RISKS

CLIENT'S COSTS

LWR

INCREASINGLY
HIGH

INCREASINGLY
LOW

INCREASINGLY
LOW

CAN DU

LOW

HIGH

HIGHER

SÊCOR
RECOMMENDATIONS

INCREASE VIA
"MANUFACTURING

VENDOR"

DECREASE

DECREASE

EM&R
RECOMMENDATIONS

INCREASE VIA
BUILDING OF MORE
CANDU IN CANADA

ELIMINATE*1*

ELIMINATE*1*

(1) Long-term contract with U.S.A. utilities implies that the financial risks rest with
the Canadian institution that offers the necessary guarantee to finance, build and
operate the reactor.

en
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TABLE 3

There Is No Market for CANDU...In Canada

MARKETS

British Columbia

Alberta

Saskatchewan

Manitoba

Ontario

Québec

New Brunswick

Nova Scotia

Prince Edward Island

Newfoundland

no

no

no

no

no

no

no

no

no

no

POTENTIAL

opportunity before 2000

opportunity before 2100

potential

opportunity before 2000

new opportunity before 1985

opportunity before 1990

opportunity before 1995

opportunity

opportunity

opportunity before 2000

Source: Nuclear Industry Review, Problems and Prospects 1981-
2000, Energy Mines and Resources Canada, 1982

(1) Preliminary design for a new unit beyond Darlington is now
forecast for the Year 1987. Private communication.

(2) According to Hydro-Quebec's development program, no new
nuclear units are forecast before the Year 2000

(3) Does not include new plant (one) for export of energy to
U.S.A.
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TABLE 4

There Is No Market for CANDU...Outside Canada

MARKETS

INDUSTRIALIZED
COUNTRIES

DEVELOPING
COUNTRIES

COMMITTED
CAPACITY

MW

333 000

11 000

UNCOMMITTED
CAPACITY

MW
(UP TO

YEAR 2000)

235 OOOl1)

20 000

CANDU1 S
POTENTIAL
{ASSUMES 5%

OF ACCESSIBLE
MARKET)

0

1 000

Source: SÉCOR INC. and others

(1) According to latest IAEA forecasts, this figure is now
considered to be between 170r000 and 247,000 MW. Private
communication.

I
i
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The remaining 10% of these additional 255 000 MW, that is,
approximately 20 000 MW, would be committed by the so-called
developing countries (such as South Korea, Argentina, etc.).
Based on Canada's historical sale record and bearing in mind
the particularly aggressive competition on the current world
market, together with restrictions resulting from safeguards or
other policy considerations, we could expect to build CANDU for
an additional 1 000 MW, that is no more than 2 additional units
between now and the Year 2000.

The world market seems also to fall short of
minimum requirement of one reactor order per year.

providing a

5. ...BUT THERE IS A MARKET FOR CANDU

If one accepts the market prospects as described, the obvious
conclusion is to get out of this business while there is still
time.

But maybe the facts upon which the SËCOR and the
are based can be viewed from a different angle.

NIR studies

Let us re-examine some of the explicit and implicit hypotheses
of both studies. Start with the first assumption - that CANDU
does compete head-on (or competes with) the IJWR.

Table 5 attempts to compare the CANDU and the LWR as if a
potential customer (a utility or a foreign government) were
shopping for power in the world market.

Such a hypothetical customer would immediately recognize (even
more so if helped by the seller) that:

instead of offering only a standardized package, we do
offer a flexible product;

instead of offering only a power generating unit, we do
offer an opportunity to develop a strong, indigenous
industrial base;

instead of contributing to the dependence of the host
country upon spare parts and outflow of hard currency, we
do contribute to energy self-sufficiency and technological
independence.

When described in this manner, the characteristics of these two
products are so different that the only point they seem to have
in common is that both are used to generate electricity. So
let's stop comparing them.

CANDU is a highly flexible, easily transferable and appropriate
technology, capable of spearheading a developing country's
industrial base.
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TABLE 5

...But There Is a Market for CANDU:
The Two Products As Seen By a Potential Customer

Shopping In the World Market

PRODUCT
CHARACTERISTICS

TECHNOLOGY

- DESIGN AND
PERFORMANCE

- NUMBER/
COMPLEXITY OF
COMPONENTS

- MAINTENANCE/
AVAILABILITY
OF SPARE PARTS

- DESIGN/
MANUFACTURING
STANDARDIZATION

FUEL

COOLANT

COST

- FRONT END COSTS

- OPERATING COSTS

CANDU

Overall proven/
Overall competitive/
Possibly superior

More units of
relatively easy
manufacture

Could be manufactured
in the host country

A little messy but
flexible - easily
customized

Could be available
in the host country

Could be produced
in the host country
Not a consumable

Higher, but requiring
less hard currencies
outflow

Lower and requiring
less hard currencies
outflow

LWR

Overall proven/
Overall competitive

Less units but some
requiring a developed
industrial base to
manufacture

Some components
difficult to
manufacture in the
host country

Standardized,
customization
difficult

Requiring enrichment

No problem

Lower, but requiring
more hard currencies
outflow

Higher and requiring
more hard currencies
outflow
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Because the Canadian domestic market is small and, because this
market lacks the financial and technological resources larger .
industrialized nations have, we have developed a product: I

whose components do not require a large and highly
developed industrial base to manufacture; I

whose technology does not require a particularly heavy
outflow of hard currency since a large part of it can be
manufactured by the host country;

whose fuel technology does not create dependence on the
will and wishes of a few powerful nations, but allows the
host countries to either produce fuel domestically from
local resources or acquire it on the open market.

In other words, we are not only selling a power generating
unit; we are selling a product which contributes to the de-
velopment. of an industrial base in developing nations, thus
enhancing their ability to attain energy and technological
self-sufficiency.

The argument, of course, is not new but, if it can serve as the
underling theme of a comprehensive strategy for Canada in
support of the CANDU, it is worth developing.

The very idea that CANDU may have virtually no market over the
next twenty odd years is absolutely irreconcilable with its
commercial viability in the short term or even its long-term
survival.

An adequate market must be identified now to be pursued aggres-
sively. The Canadian market alone is not and will never be
sufficient to sustain a nuclear industry on a commercial basis.

A strong case can be made to present the CANDU as the most
appropriate choice for developing nations which, like Canada,
have a small and developing industry, and limited financial and
technological resources.

This constitutes a specific potential market for CANDU.

According to Table 6, which lists only the current elements of
this potential market, the CANDU already occupies a 24% market
share (9 reactors out of 37}. It can therefore be observed
that our historical performance, without being exceptional
given the product and its fit with the market it should serve,
is much better than the evermentioned 5% of the market.

If all the existing trade barriers were removed, opening up
such markets as India and Taiwan, for instance, this potential
market would represent twenty additional units to be in opera-
tion by 1995.

These units will have to be ordered not later than 1985.



TABLE 6

. . . B u t There Is a Market for CANDU:
CANDU'S P o t e n t i a l Market - The Developing Nations

COUNTRY

ARGENTINA
BRAZIL
EGYPT
INDIA
KOREA
MEXICO
PAKISTAN
YUGOSLAVIA
TAIWAN

TOTAL

TOTAL OPERABLE/
UNDER CONSTRUCTION/
ON ORDER UNITS

3
3
2
10
9
2
1
1
6

37

TOTAL CANDU
OPERABLE/

UNDER CONSTRUCTION/
ON ORDER

1
0
0
6
1
0
1
0
o(D

9

POTENTIAL FOR
CANDU'S WITH
NO BARRIERS
(UP TO 1995)

2
1
6
1
3
0
1
3
3

20

POTENTIAL FOR
CANDU'S WITH

EXISTING
BARRIERS

(UP TO 1995)

0
0
6
0
3
0
0
3
0

12

Source: NIR, SËCOR and o t h e r s

Taiwan has a CANDU Research Reactor,



The Canadian nuclear industry would then have the medicine it
needs to survive.
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If we simply maintained our past performance of some 24% of
this market, we should expect four new sales between now and _
1985. I

Assuming a performance commensurate with the match between
product and market, one could expect to capture more or less 1
the same share than the LWR has in its own market, that is 80%. I

i
So, simply by using the data presented in the SÉCOR and NIR
reports, it is possible to identify: I

a marketing strategy for CANDU; and

an adequate target market for CANDU. I

This so-called CANDU STRATEGY (Figure 1) concentrates on market i
development as compared with NIR1s emphasis on penetration of I
the local market under status quo conditions, and SËCOR's push
for product development through industry re-structuring.

The CANDU STRATEGY has the advantage of I

fully exploiting, on the world market (where the market I
is) , the intrinsic strengths and advantages of our prod- !
uct; and of

focusing the sales efforts primarily on those countries
whose stages of industrial development can benefit most
from the product we want to sell.

6. OVERCOMING THE MAJOR ROADBLOCKS

All of the above will remain mere semantics until we take
action to remove some of the roadblocks and pursue this market
more aggressively.

If redefining the product and the market to which this product
is addressed helps in concentrating and rationalizing efforts,
it does nothing to bring so badly needed new sales.

ALL SECTORS OF GOVERNMENT AND INDUSTRY MOST COOPERATE TO
INTEGRATE CANDU, ITS COMPONENTS AND RELATED SERVICES AS AN
ELEMENT OF OUR INTERNATIONAL TRADE WITH THE TARGET COUNTRIES.

In particular, the following areas must be addressed:

policies on nuclear-related matters;

financing of sales and international trade;

coordination between sectors of the industry.
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FIGURE 1

A Strategy for CANDU

EXISTING
PRODUCT

NEW
PRODUCT

MARKET
PENETRATION

NIR

MARKET
DEVELOPMENT

CANDU
STRATEGY

1

2

3

PRODUCT
DEVELOPMENT

SÊCOR

4

DIVERSIFICATION
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!
Policies on Nuclear-Related Matters

The question of policies on nuclear-related matters is a par- \
ticularly delicate one which members of the private sector of
the industry have traditionally preferred to leave to official .
government representatives and specialists. I

The objective pursued by Canada to try and prevent nuclear arms
proliferation is highly commendable and is unequivocally sup- I
ported by Canadians. It has been argued, however {the SÊCOR I
study, for one, devoted an entire chapter to this subject),
that Canada's policy of nonproliferation, as applied over the i
last eight years or so, has not served well the pursuit of this |
objective and may indeed have had the exact opposite result by
isolating Canada and possibly reducing her direct influence in
the matter. Furthermore, from a commercial viewpoint, there j
can be no doubt that Canada's stand on nuclear safeguards has '
had, and continues to have, a negative impact on our ability to
sell CANDU on the international market. I

I have no intention of re-opeing this debate, as it is not
necessary to abandon our nonproliferation objective or to j
change fundamentally Canada's policy in order to enter the I
markets most appropriate to CANDU. One recognizes that the
application of this policy has evolved in recent years as
Canada has tried to reconcile her dedication to the nonprolif-
eration objective with the growing conviction that the CANDU is
second to none as a reliable producer of electricity, from
which other nations should also benefit.

Since we insist on bilateral safeguards agreements with buyer
countries, we should devote particular attention to developing
nations interested in adopting the CANDU technology as an inte-
gral part of a comprehensive energy and industrial development
program. Such a comprehensive agreement would entail intimate,
multifaceted and continuous interaction between the two coun-
tries, placing Canada in a privileged position to influence
safeguards policies; and prevent diversion of nuclear-related
matters for nonpeaceful purposes.

In this perspective of having developed a closer partnership
with specific industrializing nations, it may even be possible
to bring our safeguards requirements closer to acceptable
international standards to avoid the inherent loss of influence
which results from being isolated, rejected or distrusted.

Financing of Sales and International Trade

Recognizing CANDU as an appropriate technology for industri-
alizing nations rather than a mere power generating machine has
direct consequences on the manner in which it is sold.

To be consistent with the approach, the CANDU should not be
offered in isolation as a separate package but should rather be
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« presented as an integral part of Canada's international trade

with developing nations alongside with other technologies,
services and products. Promotions would be viewed in the
context of overall industrial and commercial strategies and

( financing would take into account the balance of payments as
well as various aspects of industrial development, training and
other aid programs.

I Adopting at the outset a narrow commercial approach in which
each reactor sale is judged on its own merit would be missing

i
the point and would make it difficult to penetrate the market,
as most developing nations are looking for outside technical
and financial help for their development programs.

I
I

I
I
I

The interest for Canada would, of course, rest in the estab-
lishment of close technological and industrial ties with these
countries, yielding, in the long term, important commercial
returns while permitting, in the short term, an increase in
industrial activities necessary to sustain the Canadian nuclear
industry.

( Unless the CANDU technology finds a way to establish a signif-
icant international base over the next ten to fifteen years,
its commercial viability will be in serious jeopardy.

I
Coordination Between Sectors of the Industry

Such an integrated approach to the promotion and sales of
CANDU-related products points to another major roadblock: our
inability to coordinate our efforts. Particularly in this
area, we are our own worst enemy1

Although the early days of CANDU development showed great
promises for a united approach involving all players of a young
industry in recent years, we have been unable to rationalize
our industrial effort and pull together the essential elements.

I It is not for lack of interest or support. Some of you will
1 remember the now-defunct CANDU Nuclear Equipment Suppliers

(CNES), a group of nine manufacturers and consultants trying to

( pool their resources to support the export of CANDU. The
demise of this group brought about a task force under the
leadership of IT&C, which led to the creation in 1979 of the

( Organization of CANDU Industries (OCI), a much bigger (and more
"representative") group of some 45 manufacturers and consul-
tants pursuing aims similar to those of CNES. It should be
noted that OCI is an assembly of competitors from the private
sector trying to interface with the CANDU designer, Atomic
Energy of Canada Ltd. This arrangement can hardly be compared
for strength, efficiency and unity of approach with the
Framatomes and the Westinghouses of this world.

There have been other attempts at rationalizing the Canadian
nuclear industry as each project has seen the establishment of
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partnerships or joint ventures. Canatom itself, a company
devoted entirely to the nuclear field and now representing the
combined resources of the three largest consulting firms in I
Canada, was initially set up to meet the specific needs of a 1
project. This early recognition of the necessity of a united
approach to yield stability and strength has permitted the i
development and retention of a unique expertise in the support |
of CANDU, both domestically and internationally.

Unfortunately, in spite of repeated attempts by all concerned, 1
we are a long way yet from having a well structured nuclear '
industry capable of making optimum use of available talent to
serve Canada and compete on the world market. The participants I
must show enough magnanimity to overcome unnecessary concerns l
over the question of leadership.

No one organization should claim control over all elements of a I
well structured nuclear industry. Any attempt to do so would
be counterproductive as it would be met with resistance. In ,
general, private firms are simply concerned with "doing their J
own thing" to obtain contracts and perform revenue-producing '
work as competently as possible. A complete infrastructure
such as that required to support a nuclear industry can only be j
realized if all elements, e.g. conceptors, designers, manufac- !
turers, financiers, regulators, are allowed to develop and
cooperate in an atmosphere of mutual respect and trust.

We must use every project or market opportunity in the future
to pull together all actors of the industry and, by reconciling
the interests of the parties involved, we must:

enh?nce our marketing effort by calling on talent" *nd
expertise early in the selling process;

find a mechanism by which a more balanced interaction is
achieved between designers and manufacturers;

develop a form of leadership that can reconcile the
entrepreneurship and versatility of private enterprises
with the resources, strength and stability of the public
sector.

Time is running short. Present efforts to help the Canadian
nuclear industry pull out of its difficulties are insuff -
cient. If more initiatives are not taken soon to establish a
broader base in developing nations1 nuclear markets, a
Lepreau II or a Wolsung II would only serve to keep the patient
alive for a while until the life support machine is turned off.
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If the CANDU-related industrial expertise is allowed to wither
and disappear, it will not make commercial sense to try to
regain it fifteen to twenty years from now, considering the
state of development which the light water reactor (LWR)
technology and related industry will have attained by then.
The most remarkable Canadian achievement in the field of high
technology and possibly the greatest long-term industrial
development opportunity will have been lost indefinitely.

There are many obvious reasons why the identified roadblocks
and many other obstacles cannot be overcome. For those who are
or are about to get discouraged and stop fighting, I would
simply quote the word of Jeremy Collier: "To believe a
business impossible is to make it so".
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