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POLITIQUE DE SÉCURITÉ DANS LA
PRODUCTION DE L'ÉLECTRICITÉ

E. Siddall

Résumé

Lorsqu'on comprend, définit et quantifie la sécurité, on peut voir que
révolution de notre civilisation industrielle actuelle s'est traduite par
l'amélioration progressive et notable de la sécurité de l'homme,
amélioration qui se poursuit. L'amélioration de la sécurité a accom-
pagné l'amélioration des richesses et les deux sont si étroitement
associées qu'il faut considérer le haut degré du rapport de cause à
effet. Le rapport quantitatif entre la production des richesses et
l'amélioration de la sécurité provient de différentes sources de
preuve. Lorsqu'on l'applique à la production de richesses à partir de
la production de l'électricité dans un module type de population
d'une société é"oluée, on constate un avantage, du point de vue de
la sécurité, qui est supérieur de plusieurs ordres de grandeur au ris-
que direct évalué associé à cette production d'électricité. Il semble
que tout objectif ou politique destiné à assurer le plus grand avan-
tage à la population entraîne des attitudes et mesures diamétrale-
ment opposées aux attitudes et mesures classiques du moment.

du 29 août au 2 septembre 1982

AECL-7540



SAFETY POLICY IN THE
PRODUCTION OF ELECTRICITY

by E. Siddall

Abstract

When safety is properly understood, defined and quantified, it can be
seen that the development of our present industrial civilization has
resulted in a progressive and great improvement in human safety
which is still continuing. Increased safety has come with increased
wealth in such close association that a high degree of cause-and-
effect relationship must be considered. The quantitative relationship
between wealth production and safety improvement is derived from
different sources of evidence. When this is applied to the wealth pro-
duction from electricity generation in a standard module of popula-
tion in an advanced society, a safety benefit is indicated which ex-
ceeds the assessed direct risk associated with the electricity
generation by orders of magnitude. It appears that a goal or policy in-
tended to confer the greatest safety benefit to the population would
result in attitudes and actions diametrically opposite to those which
are conventional at the moment.
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INTRODUCTION

The generation and use of electricity on a large scale is
a major feature of present day industrial civilization
which has conferred the highest quality of life that man
has ever known on those societies which have
developed it. An important question of today has three
related parts: —

What degree of safety is associated with the present
electricity generating industry; what should the degree
of safety be; and what policy should be followed to
achieve it?

Perfect safety is not attainable in any human situa-
tion; a complete absence of safety is of no interest. A
meaningful answer to the first two clauses of the ques-
tion must therefore be quantitative, which in turn means
that safety must be defined quantitatively and
measured. As will be seen, properly defining the word
"safety" appears to provide a logical basis for answer-
ing the three clauses of the question.

THE DEFINITION AND
MEASUREMENT OF SAFETY

Safety amounts to freedom from the risk of injury, il-
lness and premature death. It is enough for most pur-
poses to consider premature death alone, since it is so
much more a serious matter, although the same kind of
reasoning is equally applicable to injury and illness.
Risk in the past is indicated by mortality, about which
extensive, reliable and detailed information is available.

Management (reduction) of risk and mortality is a
human activity of a special kind, in that it is concerned
with a multitude of possible things which it is desired
should not happen, and which very seldom do happen.
This is in direct contrast to creative and productive
human activities which are concerned with a narrow
range of things which it is desired should happen, and
which happen most of the time.

It is a fact of life, applicable to man just as it is to
other forms of life, that the species survives but the in-
dividual does not. Mortality from every cause in man
varies in various ways with age. Beyond middle life, say
at age 40, a recognizable general aging sets in, consis-
tent with a progressive reduction of robustness which
in turn results in overall mortality roughly doubling
every eight years. Fig. 1 shows the actual mortality
rates (Canada 1979) as a histogram with dots to in-
dicate an eight year doubling rate; it will be seen that
the fit is good. For this reason total (crude) mortality in a
group is of little use as a measure of safety; it tends

simply to reflect the proportion of old people in the
group. In epidemiology, this difficulty is partly cir-
cumvented by "age standardization", meaning correc-
ting the mortality to an arbitrary age distribution in the
population. More fundamentally, some kind of
"weighting" of death according to age is necessary to
distinguish between premature (and therefore potential-
ly avoidable) death and death from age. Fig. 2 shows
some possible weightings. Curve A amounts to assess-
ing the number of years of life lost. Curve B roughly
represents the material investment of the society in the
person concerned and curve C is a smooth composite
with constant weight up to age 40 and an "S" curve to
zero at 80. For the purposes of this study of safety, the
simplified form D has been used, where death is con-
sidered to be premature before age 65 and due to age
beyond that. A few trial cases using line A have shown
that the conclusions are broadly similar.

A single meaningful premature mortality figure for
the study of safety is obtained if age standarization is
based on a notional population in equilibrium with its
age-specific death rates. Fig 3 shows the implications
of this step. The two curves apply to population
elements of 1 million people in equilibrium with British
death rates for 1861 and 1964. It will be seen that the
birth rate necessary to maintain the population fell from
23,400 to 14,100 py and the number surviving to age 65
rose from 7,700 to 10,600 py. This is the difference bet-
ween a less safe and a more, safe society.

THE DEVELOPMENT OF SAFETY

Table I traces the change in mortality and therefore
safety from primitive to developed societies. The last
column is the percentage of new-born members who
survive to age 65, which is a convenient and direct index
of safety. The "premature deaths" column indicates the
scale of effort needed if safety is to be appreciably af-
fected (improved).

The first four lines are primitive societies separated
from our present civilization by time and space. They
were entirely without industry in the usual modern
sense of the word. The fifth line is the arithmetical
average and serves as a meaningful base level. Almost
nobody survives to age 65 in such societies.

The succeeding lines show the unmistakeable pro-
gressive improvement as our industrial civilization pro-
gressed, using Britain, for which the earliest reliable
data are available, and Canada as examples. The close
similarity between these cases is often obscured
because the average age of the population of Britain Is
considerably older than that of Canada. It will be seen
that almost 80% of Canada's new-born now survive to
age 65, but that there are still 2,685 premature deaths
per year per million equilibrium population.



A few other cases are shown for interest. Portugal is
typical of seve-al countries which have improved very
rapidly in the last few decades. Greece was safer than
the USA in 1964 because the lower mortalities from
road accidents and heart disease were dominant fac-
tors.

Fig. 3 is a plot of data from a number of "western"
countries. In r ig 4, the smoothed curve is shown as ap-
plied to an average population of 400 million in about
1925 and 800 million in 1988. The enormous number of
lives saved (premature deaths averted) in the past, and
the expected future are shown, i.e. 280 million from
1875 to 1975 and 8 million from 1975 to the end of the
century. (The immense influenza epidemic of 1919 and
the London smog episode of 1952 disproportionately af-
fected people of age greater than 65. The two major
wars occurred mostly between points on Fig 3 and are
in effect excluded).

It is a commonly held belief that industry has been
harmful to people. In the century from 1875 to 1975, all
the elements of industry which it is fashionable to
regard as iniquitous in respect to safety were in full ef-
fect. Decision making was widely decentralized
amongst individuals and small groups motivated by
profit. Intense competition generally prevailed so that
dollar efficiency was the foremost requirement, and
most jobs went to the lowest bidder. Every kind of con-
spicuous technological disaster, such as the Tay bridge
collapse, the sinking of the Titanic and the Vaiont dam
disaster, a steady stream of lesser accidents to ships,
trains and aircraft and millions of road deaths are all
contained in the data. Despite all such adverse factors,
it is clear that the overall consequences of a century of
rapid industrial development have been overwhelmingly
beneficial to human safety (see also Table II).

Fig 6 indicates the pattern of causes of premature
death at the beginning and end of the century con-
sidered. From Fig 6 in particular it will be clear that
systematic attempts to improve safety (reduce risk)
must take the form of the management of a large
number of separate efforts each directed at a relatively
small risk. Ref. 1 discusses this problem and shows
how it should be dealt with, the basic guide being that
roughly 300,000 $ should be spent to save an extra
statistical life. Table III condensed from ref 2, shows the
irrelevancy and futility of the exaggerated concern for
some particular fashionable risks. It is surprising that
the immense improvements in safety in our societies
shown in Table 1 were achieved despite the almost total
lack of understanding of the problems revealed in Table
III.

Amongst the very large number of risks indicated in
Fig 6, there were some which increased in the century
1875-1975. The "balance sheet" is roughly as shown in
Table II. The net saving of life is the starting point, so
that if any additional adverse component came to light,

it would need to be compensated for by increasing the
saving from "all other causes". Table II lacks precision
for several reasons, including the fact that available
data often does not enable premature and total deaths
to be separated.

SAFETY, GOOD LIVING
AND WEALTH PRODUCTION

Just as the total risk to life has always resulted from the
summation of a large number of small risks, so the sav-
ing of life which has accompanied the development of
our industrial civilization has mostly arisen from the
unobtrusive reduction or elimination of many different
risks by a great variety of actions. Smallpox was dealt
with by vaccination long before anything was known
about viruses. Typhoid fever was slowly cut down by
better sanitation. Polio yielded to sophisticated scien-
tific method. The total accident toll has fallen, despite
the increase in road deaths, because of changed at-
titudes. However, these are only particular examples.
Above all, safety has increased with "better living", and
both have clearly followed the growth of available
wealth. Wealth is the product of industry, which itself
requires a large input of wealth. Industry amplifies or
converts wealth; it seldom creates it from nothing. Fig 7
therefore best illustrates what happens. Of the wealth
available in a particular time interval, a high fraction
must be fed back into industry as capital or operating
cost, but if this "loop" is kept viable, a substantial
amount can be diverted to the end use of better living,
of which safety forms a part. Improved safety results
from direct efforts such as doctors, hospitals, medical
research, fire brigades etc., but perhaps equally so from
cleanliness, warmth and good nutrition amongst hun-
dreds of other indirect factors. It is a semantic problem
whether these activities and factors need wealth or con-
stitute wealth, but in the hard realities of present day
life, they always involve the availability of real money,
that is, money backed up by the availability of all the
things which people want to buy with the money.

THE QUANTITATIVE RELATIONSHIP
BETWEEN WEALTH AND SAFETY

When proper allowances are made for the variation of
the real value of money with time, the production of
wealth in a society is indicated by its GNP (gross na-
tional product), which is usually expressed in money.
Another index is personal monetary income. Both of
these indices are best considered per head of popula-
tion.



Fig 8 shows how the measure of safety derived
above ha > varied with these measures of wealth in three
cases. Tie historical relationship with GNP for Canada
is derhed from data published by Statistics Canada.
The curve for England & Wales around 1971, ref 5, is for
males only, is primarily based on occupation, & could
not be corrected to a population in equilibrium. The
curve for Canada in 1971, ref, applies to a large part of
the town & city population, corrected to equilibrium, &
the division is into five roughly equal groups by income
level; it is a most important piece of evidence.

In the Appendix, these cases and two others are
analyzed to arrive at a correlation between wealth and
life saving. It will be seen that a "middle" figure of one
extra life saved per extra 3.3 Million $ (Cdn. 82) of GNP
is derived. The extent to which there is a cause-and-
effect relationship in this ratio requires much more in-
vestigation than has been possible so far. It is however
proposed as a working hypothesis that, in the correla-
tion between GNP and life saving, the cause-and-effect
relationship amounts to 50%. This would mean, for in-
stance, that if the real GNP in a society ceased to in-
crease, the improvement of safety would continue but
at a rate only one half of what has prevailed in recent
years. On this assumption, a life saved for 3.3 5 = 6.6
million $ (Cdn. 82) of GNP in a given population.

WEALTH PRODUCTION BY
THE ELECTRICITY INDUSTRY

The reliable generation and distribution of electricity at
low cost is a small but important factor in the modern
industrial way of life. Canada's province of Ontario and
the TVA area in the USA, for example, have obviously
benefitted more than other similar areas which have
lacked this energy source. To explore the quantitative
effect on safety, a net contribution of 4.5 cents (Cdn. 32)
per KW hr produced and sold is used. This is proposed
as appropriate if the electrical energy is provided as
part of a society-wide industrial activity intended to
create wealth and to result in better living, as has been
the case in the western world over most of the last cen-
tury.

THE SAFETY IMPACT OF ELECTRICITY
PRODUCTION ON SOCIETY

The preceding evidence and hypotheses can now be in-
tegrated. The whole population of an advanced society
such as Canada or the USA can be considered to be
made up of the necessary number of modules of 1
million each. The safety figures above are applicable if
the population in each model is notionally assumed to

be in equilibrium with its age-specific death rates, in
this case those of Canada in 1982. Such a module
would use, as an integral part of its industrial way of
life, an electricity generating station of 2 GW capacity.
At 70% capacity factor and using the figures proposed,
this would contribute 552.2 million $ per year to the
GNP of the module, which would then confer an in-
dicated safety benefit from wealth production of

55.2.2 M$

6.6 M$
= 79

lives saved per year (actually premature deaths averted
which would otherwise have occurred).

The whole safety situation in this module of 1 million
people is shown in Table IV. The reference risk levels
are from Table I. The rich and poor risk levels are from
ref 2 and fig. 8. In the case of coal, the direct risk from
operating the station is arbitrarily shown as 20, this be-
ing towards the low end of a number of published
estimates such as ref. 9. The "total nuclear" figure is
takt , from UNSCEAR 77 (ref !4). It mostly arises from
mining and refining of uranium, and the number used is
intended to reflect present and future rather than past
practices. The nuclear accident risk is that proposed as
a working hypothesis by the author in ref 8, being in ef-
fect, the Rasmussen Study as modified in the light of
the German Risk Study (Birkhofer), the whole being nor-
malized to the actual record. The "actual record" figure
shown is the TMI2 case (33 person-Sv exposure) in 1900
reactor-years, at 50 Sv per total fatality (including all
delayed), and assuming 2 reactors.

DISCUSSION

Table IV hardly needs comment. Th« safety credit
which is indicated seems high at first sight, but the
numbers in the sections above surely lend credence to
it; if the difference between urban rich and urban poor in
an advanced country in one year can be as great as
2,077 per million equilibrium population-year, and the
average mortality has fallen by over 14,000 per mep-year
in a century, it is surely not excessive to credit the
whole electricity source with 79 per mep-year. On the
debit side, the nuclear accident figure as assessed is
three orders of magnitude less than the indicated
benefit and 4 1/2 orders of magnitude less than the
average premature mortality which is what must be ap-
preciably altered if safety is to be appreciably affected.
The actual nuclear accident record is two orders of
magnitude less still than the assessed figure.



CONCLUSION

If the preceding analysis is even roughly right, present
attitudes and practices relating to the safety of electrici-
ty production, particularly nuclear, are diametrically
wrong. It can be seen that, unless the total accident risk
is orders of magnitude greater than the global average
indicated, forcing a nuclear station to shut down or
operate at reduced power, or delaying its start up, or
reducing its net wealth production by forcing up capital
or operating costs is likely to have an effect on society-
wide safety which is exactly the reverse of what is in-
tended, and much greater.

The safety goal (policy) at the present general state
of technology should be to strive for maximum and
most economical output even at a considerable in-
crease in direct risk.
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Relationship between income or GNP & life saving (M $
equals million 1982 Canadian $). GNP per head taken as
1.47 times income per head (Canada 1982)

1. Primitive society versus Canada, 1982
— linear relationship. This would be an appropri-

ate figure for a country in an early stage of de-
velopment.

1 life saved per .4 M $

2. Primitive society versus Canada 1982
— assuming exponential relationship (simple

diminishing returns, see fig. 4)
1 life saved per 2.1 M $

3. Canada 1977 versus 1979 Ref. 4
(see GNP curve in fig 8).

1 life saved per 7.C M $

4. Canada, mortality versus income group, ref. 2
(see curve in fig. 8)

1 life saved per 3.4 M $

5. Britain, mortality versus social-economic (income)
group ref. 5 (see curve in fig 8)

1 life saved per 1.1 M $

6. Assuming 10.6% of GNP spent on life-saving
activities and 1 statistical life saved per 340,000
$ (Cdn. 82) (see app 4 of ref. 2)

1 life saved per 3.2 M $

"Middle" figure from this list 3.3 M$



TABLE I SAFETY — HISTORICAL

Per Year in 1 Million Pop in Eq.

Society

Indians, Ohio
Aleuts, Fox Is.
Eskimo, Labrador
Indians, Amazon

Average Primitive

Date
AD
950

1830
1830

C1965

Ref

10
11
11
11

Birth

50,333
28,347
32,427
64,516

44,000

Premature
Deaths
50,333
23,749
29,272
64,516

42,000

"Age"
Deaths

0
4,598
3,155

0

2,000

% Survival
To Age 65

0
16.2
9.7

0

4.5

Quebec, White
Britain
Britain
Britain
Canada
Britain
Canada
Britain
Canada
Canada
Canada (extrap.)

C1690
1861
1901
1931
1931
1951
1951
1964
1965
1979
1982

12
3
3
3
3
3
3
3
4
4

27,832
23,767
21,519
16,583
16,601
14,646
14,647
14,045
14,043
13,585
13,487

21,904
15,952
13,377
6,932
6,724
4,324
4,277
3,440
3,483
2,875
2,685

5,928
7,815
8,142
9,651
9,877

10,322
10,370
10,605
10,560
10,710
10,742

21.3
32.9
37.8
58.2
59.5
70.5
70.8
75.5
75.2
78.8
79.6

Portugal
Portugal
Greece
USA

1920
1964
1964
1964

3
3
3
3

16,998
15,424
13,999
14,321

18,852
4,915
3,077
4,082

8,146
10,509
10,922
10,239

30.2
68.1
78.0
71.5

TABLE II LIFE SAVING BALANCE SHEET 1875-1975
"WESTERN" (OECD) WORLD POPULATION (1925), c.400 MILUON

Net saving of life — fig. 5
Debits Increased cancer incidence except

smoking & occupational (rsf. 6)
Cancer resulting from smoking (ref. 6)
Road accidents (ref. 3)
Occupational cancer (ref s 3 & 6)
Air pollution from coal
Miners "black lung" & similar
All man made "disasters" (ref. 7)

Total debits

Benefit Reduction of mortality from all
other causes

Net Benefit

13.9 M
10.7 M
4.5 M
1.6 M
.9M
.4M
.1M

32.1 M

312.1 M
280.0 M

280.0 M

280.0 M

The net benefit is firm. All other figures are rough estimates.



TABLE III SELECTED RISKS — CANADA 1979

ICOA
Category Rank

Deaths per year
Premature Other
Age 65 Age 65 Total

410
162
f.2
17'4

E812
153
,57
250

E814
431

E391
E840.2
EB41.2
E921
—
—
—
_
—
—
—
—

Heart Attack
Lung Cancer
Chronic Heart Disease
Breast Cancer
Motor Vehicle Collision
Intestinal Cancer
Cancer of Pancreas
Diabetes
Pedestrian struck by vehicle
Cerebral Hemmorhage

Subtotal — 10 Major Categories

Fire in Public Building
Major Aircraft Accidents (including DC 10's)
(Long Average Estimate)
Pressure Vessel Explosions (Average)
Nuclear Power (Long Average)
Asbestos In Buildings
Chemical Wastes (like Love Canal)
PCB's
Dioxins
Nuclear Spent Fuel (30 year Period)
Nuclear Waste (30 year Period)
Plutonium

Sub Total — 12 very minor cats.

Total — All Categories

1
2
3
4
5
6
7
8
9

10

248

265
407
437
612
612
612
612
612
612
612

9,172
3,492
2,797
1,559
1,274

725
709
681
669
653

21,731

21,238
4,624

16,108
1,522

202
2,897
1,330
2,206

221
1,380

52,845

30,410
8,116

18,905
3,308
1,761
4,171
2,055
2.915

902
2,033

74,576

39

30
6

3.1
0
0
0
0
0
0
0

78

168,183

This table is condensed from Ret. 1.

TABLE IV SAFETY IMPACT OF ELECTRICITY PRODUCTION

Category Item
Prem. deaths per million EQ.
POP.P.Y. incurred or averted

Reference
Points

The
Real
Safety
Problem

Safety
Credit

Safety
Debits

Primitive Society

Britain 1875

Society-Wide
Risks Levels

Canada

Indicated from
Wealth Creation

2 GWE Station
Total Mortality

Poor, Urban, 1971

Average 1982

Rich, Urban, 1971

- 2 GWE Station

- Coal

- Nuclear
Nuclear Accident Risk - Assessed

- Actual Record

42,000

17,000

4,018

2,685

1,941

79

20

1.3
.08

.0007

Est. Table I

Firm Ret. 3

Firm Ref. 2

Firm Ref. 4

Firm Ref. 2

WH Text

WH Note 1

Est.
WH Ref. 8

Firm Text

WH Working hypothesis proposed by author to fit evidence
Est Estimate mainly by others

Note 1 Ret. 9 gives "selected range" of 6.2 to 214 (tor 2GW)
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