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NUCLEAR ENERGY AND RADIATIONS
FROM RUTHERFORD AT McGILL TO THE PRESENT

by

W. Bennett Lewis

ABSTRACT

Nuclear Energy and Radiations in today's world were reviewed in Geneva at the recent
Fourth United Nations Conference on the Peaceful Uses of Atomic Energy. Canada there
made a strong presentation indicating abundant sources of uranium and thorium to serve
the world's needs for power for at least many centuries, using only the CANDU line of
reactors. There exist, however, many possibilities of finding other ways to harness the
latent energy or nuclei. This prospect differs from a widely accepted traditional view of
nuclear power development, that focuses on fast breeders and fusion energy.

A similarity appears with the situation of Rutherford at McGill when he developed
from his experiments views that conflicted with and enlarged the traditional views then
current concerning the age of the sun and the earth. Nuclear energy, both from the heavy
elements uranium and radium and from the lightest elements, contributed to extending
the estimates of the age of the earth and the sun.

The Geneva Conference also reviewed achievements based on appropriate uses of
nuclear energy and radiations to increase food crops and to combat disease. Rutherford's
expressed hope that Man would be living in peace with his neighbour before discovering
how to release nuclear energy at will has not been granted us, but new understanding puts
in perspective fears, mistrust and suspicion widely spread by the introduction of the
nuclear bombs.

We still share with Rutherford the feeling that radioactivity with its new name of
Nuclear Energy and Radiations is a promising line of research, since there is so much to
learn about it.

Chalk River, Ontario
October, 1971
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L'ENERGIE NUCLEAIRE ET LES RADIATIONS
DEPUIS RUTHERFORD, A MCGILL, JUSQU'A PRESENT

par

W. Bennett Lewis

Résumé

L'énergie nucléaire et les radiations, dans le monde d'aujourd'hui, ont été passées en
revue à Genève, lors de la récente IVe Conférence des Nations Unies sur les utilisations
pacifiques de l'énergie atomique. A cette occasion, le Canada a fortement insisté sur le
fait qu'il existe d'abondantes sources d'uranium et de thorium pour répondre aux besoins
en énergie du monde, pendant au moins de nombreux siècles, en n'utilisant que des
réacteurs de la filière CANDU. Il existe, cependant, de nombreuses possibilités de trouver
d'autres façons de tirer parti de l'énergie latente des noyaux. Cette conception diffère de
l'opinion traditionnelle et très généralisée selon laquelle le développement électronuc-
léaire est orienté vers les surgénérateurs et l'énergie de la fusion.

Une similitude existe avec la situation de Rutherford à McGill où ses expériences l'ont
amené à se faire des opinions qui élargissaient et contredisaient les points de vue, alors
courants, concernant l'âge de la terre et du soleil. L'énergis nucléaire provenant aussi bien
des éléments lourds, uranium et radium, que des éléments les plus légers, a permis de
pousser plus loin l'évaluation de l'âge de la terre et du soleil.

La IVe Conférence de Genève a également passé en revue les réalisations fondées sur
les emplois appropriés de l'énergie nucléaire et des radiations pour accroître les récoltes
alimentaires et pour combattre les maladies. L'espoir eicprimé par Rutherford que
l'homme vivrait en paix avec ses voisins, avant de découvrir le moyen de libérer à volonté
l'énergie contenue dans le noyau, ne s'est pas réalisé. Cependant, une norveUe compré-
hension met en perspective les peurs, les méfiances et ïes soupçons généralisés par l'emploi
des bombes nucléaires.

Nous partageons encore, avec Rutherford, le sentiment que la radioactivité que l'on
appelle aujourd'hui l'énergie nucléaire et les radiations est un domaine de recherche
prometteur, car il y a beaucoup à apprendre à son sujet.

L'Energie Atomique du Canada, Limitée
Chalk River, Ontario

Octobre, 1971

AECL-4064



NUCLEAR ENERGY AND RADIATIONS
FROM RUTHERFORD ATMcGILL TO THE PRESENT

by

W. Bennett Lewis

Canada, at the recent Geneva Conference of the
United Nations on Atomic Energy, made a strong
presentation differing from the widely accepted
traditional view of nuclear power development.

Rutherford at McGill made a strong presentation
differing from the traditional view of physicists about
the age of the earth and the sun championed at that
time by Lord Kelvin. Rutherford showed that nuclear
energy, as we now call it, could greatly extend the age
of the sun and the earth and their prospective future.

Let me recall for you Rutherford's way of telling
the story as passed on to us by Professor Eve, a
colleague at McGill, in his book. Rutherford gave a
lecture in March 1904 at the Royal Institution in
London on "The Radiation and Emanation of
Radium", he relatesW

"I came into the room, which was half dark, and
presently spotted Lord Kelvin in the audience and
realized that I was in for trouble at the last part of
my speech dealing with the agt of the earth, where
my views conflicted w* h his. To my relief, Kelvin
fell fast asleep, but as I came to the important
point, I saw the old bird sit up, open one eye aud
cock a baleful glance at me! Then a sudden
inspiration came, ana I said Lord Kelvin had
limited the age of the earth, provided no new
source of heat was discovered. That prophetic
utterance refers to what we are now considering
tonight, radium! Behold the old boy beamed upon
me."

Rutherford had been on holiday at Bettws-y-Coed
in August 1903 when Ramsay and Soddy announced
the discovery of the production of helium from
radium emanation in Nature of August 13. Two days
later Rutherford sent off his letter to Nature on the
"Amount of Emanation and Helium from Radium"
linking this with the radioactive chain established by
himself and Soddy the previous November, and
estimates of the energy improved by recent measure-
ments by Curie and Laborde, and his own identifi-
cation of a-rays with helium (or heavy hydrogen). His
letter concludes — the radium emanation is the active
principle of radium, for about % of the activity of

radium is due to it — if ever 1 cc of the radium
emanation can be collected at one spot - the radi-
ations from it would heat to a red heat, if they would
not melt down the glass tube which contains it." He
then appears to have gingered up his work with H.T.
Barnes at McGill on the heat from radium emanation
and its active deposit reporting to Nature on October
16. The results confirmed his views which he was
applying in several directions. The amount of helium
and the ratio of radium to uranium hi minerals
together with a rough value of the half-life of radium
gave him the age of the mineral. I enjoy the story
from Eve's book relating how Rutherford walking
one day on the McGill campus with a small black
rock in his hand met the Professor of Geology (Frank
Dawson Adams) "Adams" he said "How old is the
earth supposed to be?". The answer was that various
methods indicated about 100 million years. "I know"
said Rutherford "that this piece of pitchblende is 700
million years old" If the story is accurate he was even
bolder than usual, because he was not able to publish
an age for a mineral until several years later, and
certainly in early 1904 he had read more than most
geologists, biologists and physicists about the age of
the earth. Most probably it was doing this reading in
the winter 1903-4 that brought him to the quotation
of Kelvin that occurs, he tells us in Thomson (Le.
Kelvin) and Tail's Natural Philosophy, Appendix E,
following an estimate of 20 million to 100 million
years since the earth was a molten mass. "As for the
future, we may say, with equal certainty, that the
inhabitants oi the earth cannot continue to enjoy the
light and heat essential to their life for many million
years longer, unless sources of heat - now unknown
to us - are prepared hi the great storehouse of cre-
ation." Rutherford's timely recollection of this pass-
age came to his aid.

He was able to be fairly quantitative about radium
as the cause of the earth's internal heat, based on the
experiments of Elster and Geitel, J.J. Thomson, R.J.
Strutt, A.S. Eve and others on the distribution of
radium and hence uranium in the earth's crust. The
use he made of this inspired R.J. Strutt and others to
continuing studies that provide us now with our best



information on the amount of uranium in the world.
It was necessary also to extend the age of the sun

to match and here Rutherford could only speculate at
that early time. This he did in Harpers Magazine for
February 1905. He noted it would need radium
amounting to 2.5 par*., net million of the sun's mass
to account for th.-- present rate of emission of
energy-an improbably high amount. "But" he
writes "there is another possibility that must not be
overlooked." (Later)(12) "At the enormous tempera-
ture of the sun, it is possible that ordinary matter
might release" (what we would now call nuclear
energy). "If this heat is available it would suffice to
keep up the present output of the sun for about 5000
million years— a period of time which probably both
geologists and biologists would consider sufficient for
the processes of organic evolution . . . "

Rutherford refined his ideas of the source of the
sun's energy to 1907 hut wrote of these then as "only
a speculation, but one that must be taken seriously in
coming to a decision on the probable duration of the
sun's heat and consequently of the time for habi-
tation of our globe"( 12).

Later when Aston's precise work on the masses of
the isotopes established the mass defect curve it
became clear that helium, carbon and oxygen had the
minimum masses. Moreover it became more probable
that it was the excess energy of the hydrogen and
other light elements that at the enormous tempera-
tures would first yield up their nuclear energy to heat
the sun through transmutation cycles leading to
helium-4, carbon-12 and oxygen-16. The swing of
ideas in favour of nuclear fusion rather than nuclear
fission or spattation as the source of the sun's energy
may underly a common fallacy popular today in
some atomic energy circles that sees nuclear fusion as
the ultimate source of energy for man's needs on
earth.

Several papers at the recent Geneva Conference
made it qi He c!ear th&t there is plenty of nuclear
energy in either the heavy or the light elements to
supply man's needs for millions of years. The ques-
tion should therefore be what is likely to be easiest
(with safety and pollution control included) and
therefore cheapest.

Returning for a moment to Rutherford and
Kelvin. The Hon. R.J. Strutt had bet Kelvin five
shillings that he (Kelvin) would shortly fall in line
with Rutherford's views. Kelvin did so publicly at the
1904 British Association Meeting and paid the bet(^)
Let there be no misunderstanding; Kelvin was a great

scientist and quite as self-critical as Rutherford in his
work.

Moreover many people misunderstand the quite
impersonal hard hitting between scientists on specific
points of science. It may sound like a gladiatorial
combat but is only healthy exercise from which both
parties emerge as better scientists. In this event
Rutherford won but Kelvin has our respect ."Science
is bound" he said(4) "by the everlasting law of
honour, to face fearlessly every problem which can
fairly be presented to it."

Let me digress a little longer on scientists and their
ways and in particular on Rutherford. Let me quote a
few extracts from the short word-portrait Eve at-
tempts at the end of his book.

"He was essentially sociable. Those who sat near
him at dinner were fortunate and they knew it. He
might set the table in a roar, and certainly he
would knit the party together... He had high
courage in a fight, but he saw more wisdom in
taot. He hated shams and an affected superiority.
He was not particular about minor points— whe-
ther of dress, speech, manners or customs... He
grasped the essentials of a matter and insisted on
them. At meetings he naturally took the lead. He
read much and thought more. He would not let a
point go past him in the laboratory (or the
lab'ratory as he would call it). He would repeat
and vary an experiment until he was certain. He
made few mistakes — after making them he cheer-
fully ignored them! He knew how to follow the
main scent and how not to hunt hares. His
lab'ratory was not an institution but a company of
devotes (of the lab) with high ambitions and
resolve. He was proud of this company and their
fame. There was little secrecy and still less grasping
for priority. (There was some racing for priority).
There was often wild enthusiasm for some achieve-
ment almost beyond hope or belief... He was
downright and critical when talking to a small
group of friends. Then he threw caution to the
winds: but always at the end — "He's not a bad
sort of fellow when you come to know him."
When he came to write, these things were
smoothed out by his fair and deliberate
judgment,"

Rutherford in his time had often considered the
implications of the enormous energy revealed by the
releases in radioactivity^'. In a public address in
February 1916 during the First World War he referred
to this, saying fortunately scientists had not found



co

how to release this energy at will and utilize it. For
his part he hoped we would not discover how, until
Man was living at peace with his neighbours. History
has not allowed us that advantage as we now seek out
the ways to apply our knowledge to make food and
fresh water and other amenities of life available to the
millions already born into this world who are likely
otherwise to die of starvation or massacre fomented
by repression, jealous hatred and panic.

We from Canada had much to say about these
solemn matters at the recent Geneva Conference I
mentioned. There were nearly 4,000 delegates and
observers from 79 countries. The Conference topics
covered Agriculture, Medicine, Regulations and Safe-
guards, International and National Organisations as
well as the status and prospeot of Nuclear Power and
the basic science supporting all these activities. So far
atomic energy has helped to feed and keep people
alive. Swaminathan of India showed how a year of
365 days had been stretched by plant breeding aided
by radiation and by radioisotope tracers to permit
450 crop growing days on one piece of ground.
Radiation as a weapon against cancer is still increasing
in use. Radioisotopes find more and more use in
medicine. The basic problem now is how to limit the
growth of population. Figure 1 was presented by
Alvin Weinberg and Philip Hammond of Oak
Ridged). The reasons for limiting the population are
the problems of food, social organisation and pol-
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lution control. It is not too early to start. This is not
a new thought. I myself at the previous Geneva
Conference suggested that 15,000 million population
might be expected(6). Weinberg and Hammond have
the same view. Next we ask how much energy will
they need for food, water, warmth, locomotion,
synthetic fuels, industry, air conditioning, local cli-
mate modification and any other amenities. In a
paper soon to be published, I suggest the range 5 to
50 thermal kilowatts per head. Weinberg and
Hammond choose 20 so again we agree. The totals
range from 60 to 1000 Terawatts thermal with a
median of 300 Terawatts. In more familiar units that
is 300,000 Gigawatts and Canada's largest operating
nuclear power reactor, Unit 1 at Pickering, is rated at
1.8 Gigawatts, 1800 Megawatts thermal or 540
megawatts electrical. Moreover (Table 2) 300 Tera-
watts is less than 0.2% of the energy the earth
receives from the sun so it is not enough seriously to
upset the climate.

TABLE 1: World Energy Flow

Solar radiation

Heat flow from
interior

Suggested world
demand

2 0 k W t x l . 5 x l 0 1 0

1966 World energy
consumption rate

1.2 kWt x 4 x 109

Utilization of
1 tonne natural
uranium per year
at 50 MWd/kg

1970 1S90 2010 2030
YEAR

1.7 x lO 1 4 kW
on day hemisphere

2.5 x 101 ° kW

3 x 101 ' kW

(1.2 x 101" kWe)

4.5 x 109 kW

1.37 x 10s kW

% Ratio

100

0.015

0.18

0.0026

2050 2070 2090

Figure 1 — Effect of Momentum in Population
Growth.

Moreover there is plenty of nuclear raw material
whether uranium or thorium for fission or deuterium
or lithium for fusion.



TABLE 2: Uranium Abundance

Total in earth's crust

Within 1 mile of land surface

In oceans

Canadian low cost ore

Future world demand at 300 TW

Nuclear Energy System

CANDU — Thorium + Uranium [50 MWd/kgU]

CANDU — Thorium + Spallation

CANDU — Thorium + Fusion

Breeder Uranium or Thorium

Million tonnes U

>100,000,000

2,500,000

4,500

0.2

2.2 U/yr

s 0.2 Th or U/yr

Moreover Weinberg and Hammond pointed out in
the discussion that the available nuclear energy
content of the uranium, thorium, deuterium and
lithium in the world are each of the same order of
magnitude. Again this contradicts a popular fallacy
that the energy in deuterium is much the largest
supply.

Considering the nuclear energy devices, nearest to
hand are CANDU reactors operating with enriched
uranium and thorium. In a few years fission breeder
reactors are expected also to be economic. Nuclear
fusion devices or combined fusion + fission devices or
spallation + fission (the Canadian ING*) may be
developed^). To generalize these devices Weinberg
and Hammond introduce a new term "catalytic
nuclear burners" that embraces them all.

There was an invited review at Geneva by
Academician L.A. Artsimovich of the U.S.S.R., re-
nowned as the designer of the T 0 K A M A K ( S ) . His
review was in two parts, first Fig. 2 discussing
progress since 1964 on the TOKAMAK and other
traditional approaches to "controlled thermonuclear
fusion" as a source of power. The aim is to produce a
dense plasma of hydrogen isotopes, deuterium +
tritium or deuterium alone at a very high temperature
so that the reaction is self-sustaining. His figure shows
temperature vs plasma density x time. If the hatched
area can be reached then in theory there can be a net
release of energy but for a large release rate the area
must be penetrated by a considerable margin. More-
over means have to be devised for harnessing the
energy which is released in the form of energetic

neutrons and a hot gas plasma at the high tempera-
ture indicated. It is difficult to see how the power
could be less than 5000 megawatts (thermal) and the
engineering problems seem formidable.

The second part of Artsimovich's review discusses
some newer proposals that are being developed
experimentally. These are the plasma focus, a laser
beam interacting with a solid deuteride, and various
applications of the collective action of relativistic
electrons. Artsimovich suggests that of these the laser
may attract the most development.

In a final paragraph he recognises that the hybrid
fusion + fission system may bring the hatched area
down by one or two orders of magnitude. Then the
fusion reaction needs a supply of power but produces
an excess of neutrons to maintain the fission cycle.
This idea dates back in the open literature to 196l(9)
but previously such work was kept secret and
probably there were earlier discussions. He regards
this as an interim step to "the final goal" of purely
fusion power, concluding that his final goal will be
achieved when there is a necessity for the power.As
we have seen that may never arise even in many
millions of years.
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Figure 2 — Changes of Plasma Parameters Towards
Target for Different Types Prom 3rd to 4th Geneva
Conferences

I — Tokamak
II - 6 - Pinch

III — Magnetic Mirror Trap

Whatever nuclear devices may be employed the
harnessing of 300 Terawatts is so large an undertaking
that it requires that the engineering can be made
simple not only in the nuclear parts but also in the
conversion to harnessed electric or mechanical power
or heat that can be utilized for water desalting.

18
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chemical processes, etc. These are the problems that
are being tackled today by nuclear and other power
engineers, as well as by those who finance major
works.

There is also still much fear and ignorance abroad
in the world concerning nuclear power and also
mistrust and suspicion. We are faced with the
development before Rutherford's hope has been
realized that "Man would be living at peace with his
neighbours". There was therefore much to discuss at
Geneva,

Some have suggested that the management of
radioactive fission products would be difficult. Those
engaged in fission product waste management indeed
have sometimes allowed themselves to be flattered by
such suggestions. Yet when cost estimates are made,
that part of the operation is set at a very low fraction
of the total cost of power. It is perhaps helpful to
point out a paradox sometimes introduced. The
paradox arises by noting that no one can undertake
to guard fission product wastes in perpetuity or
estimate the cost of so doing. The paradox is resolved
by reversing the viewing direction, for in any opera-
ting nuclear power system earlier wastes are less
radioactive than current wastes. By managing these
earlier and current wastes together the current costs
are increased by only a small factor on a time scale
such as 10 years for current wastes. Moreover there is
a basic technical operating principle that removes
waste management from being static, namely the use
of surrounding moats or shells for catching and
returning any active fission products that may leak
out from the primary store. Very complete contain-
ment can be assured by these means so the environ-
ment is unburdened. It will not be surprising if the
nuclear industry leads others away from chemical
plant procedures that involve throwing out or
discharging wastes to the environment instead of
reducing them by recycling until they can be
retained. It is envisaged that a single fuel reprocessing
and waste management plant would service 300
Gigawatt electric generating capacity indefinitely so
for even 1000 Torawatts thermal in the world 1000
or 1200 such plants would suffice. Such plants have
not yet been developed because that scale of
operation has not yet been reached.

I have kept you waiting for an explicit statement
of what Canada did present at Geneva that differs
from the traditional view. I have, however, told you
most because neither Weinberg and Hammond nor
Artsimovich were narrowing their points to that
tradition. Canada perhaps stood out a little more

clearly since, for example, the title of one of our
papers was "The CANDU nuclear power system:
competitive for the foreseeable future" by R.G. Hart,
L.R. Haywood and G.A. Pon. Another was "Large-
scale nuclear energy from the thorium cycle" also
based on CANDU reactors by myself with M.F.
Duret, A.S. Bain, D.S. Craig and J.I. Veeder as
co-authors. To put the matter in a few words, we
presented a system that could serve all the world's
power needs without breeders and without fusion. We
do not, however, suggest stopping those who will
build breeders and those who strive after controlled
fusion; we wish them and others success so that there
is some long-term competition.

Dr. Glenn Seaborg, retiring Chairman of the
United States Atomic Energy Commission, was
President of the Conference and in his closing
remarks he repeated the traditional view, so perhaps
we were not heard. With three parallel conference
sessions twice a day for nine working days, probably
none of us could yet attempt an all-inclusive
summary.

We would be here until midnight if I were to give
my summary but I must give a few highlights. Ontario
Hydro discussing the performance of their CANDU
reactors were able to point out that in July 8% of
their total system energy delivered came from these
nuclear reactors. Many advanced countries expect
that nuclear stations will generate about 50% of their
electric power by the end of the century, but 8% is a
high fraction for 1971. The paper by Hart et al. on
the foreseeable future reviewed development of
CANDU reactors witn coolants discussed at the 1964
Geneva Conference, in particular heavy water now in
service with Ontario Hydro, boiling light water
delivering power to Hydro Quebec from the 250 MWe
prototype reactor at Gentilly being commissioned
this year, and the organic coolant that has given some
outstanding and unexpectedly good results in the
experimental 40 MWt reactor at Whiteshell in
Manitoba. They also point out that there would be
little sacrifice of the outstandingly low fuelling costs
of CANDU reactors if enriched uranium fuel were
used in order to reduce the capital cost.

The use of the organic coolant with enriched
uranium and thorium was taken further in my paper
that discussed a 1500 MWe design with as much detail
as we had in 1964 about the 500 MWe design now in
service. I will show three slides from that presentation
and read some excerpts.



"Many people in the world associate the idea of
large-scale nuclear power only with fast breeder
reactors or with nuclear fusion. The scale of appli-
cation of the thorium cycles can be

— just as large (including agro-industrial complexes
and water desalting and synthetic hydrocarbon
production for fuel)

— just as extensive — throughout the world and for
centuries

and moreover with much fewer technical uncer-
tainties, more assured reliability and lower cost,
because of their simplicity.

It was not possible at the Geneva Conference in
1964 to speak with such certainty although similar
words can be found in the Canadian papers. It had
been foreseen that the thorium fuel cycle couJd
challenge the breeders by its lower fuel inventory cost
and much higher yield of fissions between fuel
reprocessing stages, typically 2 fissions per initial
fissile atom compared with less than 0.5 for the fast
breeder.

It is, however, experience since 1964 that has
removed many doubts and indeed nature has shown
us some benefits we had not dared to hope for. This
experience is reported briefly in paper 151 on the
CANDU reactors by Hart, Haywood and Pon.

The combination of characteristics that now looks
so attractive brings together heavy water moderator,
an organic heat transfer liquid or caloporteur and
thorium oxide fuel with uranium-235 or -233 opera-
ting at high power density to high burn-up.

Forecast

Low Capital Cost From

(a) High power
density

(b) High unit
capacity

(c) High net
station
efficiency

(d) Low neavy
water
inventory

Av.kW(th)/kgH.E. 45-50

1500 MWe

37 to 39%

1964

whereas we
forecast in
paper P/10 in
1964

7.5

500 MWe

instead of
34 to 35%

250 g/k\Ve 500 g/kWe

which corresponds in $ to about $7/kWe compared with $22.5/kWe

HIGH AVAILABILITY FROM

(a) Negligible radioactivity of the primary cooJ-
ant circuits which is the most important and
unexpected favour from Nature's secrets and

due to

carbon-based participates

instead of

iron-based participates

(b) Self-revealing leaks and easy maintenance

another bonus from Nature

and (c) A new design for ThO2 fuel for long life
giving high power density but negligible
sheath strain — the result of many experi-
ments.

Now a word of warning. In 1964 there were
many countries involved in development studies of
the organic liquid caloporteur but today Canada is
standing alone, so although development looks
relatively easy compared with fast breeders or fusion,
yet it will not progress rapidly until a larger program
is mounted. I am sure the poetic bard could make
much of the saga that Nature hid her secret favours
belonging with the organic caloporteur until there
was only one poor humble student left."

The CANDU reactors form a family group for
which we have developed semi-empirical reactor
physics which is embodied in a computer code named
LATREP. The essence of all reactor physics is the
neutron debit and credit account and the balance.
From the LATREP code we can evaluate the reac-
tivity and then the cost in m$/kWh for typical
assembiies of fuel bundles in fuel channels that form
a lattice in heavy-water moderator. In the design
studied the 1500 MWe organic-cooled reactor would
have fewer channels and less heavy water than current
500 MWe designs.

The upper part of Fig. 3 explains how the
near-breeder characteristics of these thorium fuel
cycles are adequate for the world supply of nuclear
energy. It shows the MWd yield via thorium from 1
kg of natural uranium fed to the enrichment plant
that produces the U-235 required by the various
cycles. By changing rj or the irradiation one can
achieve any curve between that labelled 21 + 18, le .
3% U-235, and that labelled 23 + 9 in which 23 is
the breeder. We note that if fj < 1.055 the latter
needs no continued supply of uranium at all. More-
over the fuelling cost is only 1.02 m$/kWh. However,
for more practical cycles about 40 to 60 MWd/kg
Nat.U is achieveable, and the fuelling cost would
increase by only a few per cent if the price of natural
uranium quadrupled. That, however, was all
explained at the 1964 conference. What is new at
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this time is the practical prospect of averaging 30
to 35 MWd/kg thorium before reprocessing in the
organic-cooled heavy-water-moderated reactor.

"In summary, I have pointed out that the thorium
fuel cycle in CANDU reactors challenges breeders and
fusion as the simplest means of meeting the world's
large scale demands for energy for centuries.

Moreover, nature has favoured us with a non-
radioactive organic caloporteur that reveals any leaks
and makes access and maintenance easy.

Thorium oxide fuel allows high power density
with excellent neutron economy, confirmed by
detailed reactor physics calculations with the
LATREP computer program.

The combination of thorium fuel with organic
caloporteur promises easy maintenance and thereby
very high availability of the whole plant that more
than offsets a slightly higher fuelling cost. The
fuelling cost is still low but not as low as is possible
with other CANDU heavy-water-moderated reactors."

I have time only to read the other Canadian papers
by title.

148 "Commissioning and Operating Experience with
Canadian Nuclear-Electric Stations" by L.W.
Woodhead, D.C. Milley, K.E. Elston, E.P.
Horton, A. Dahlinger and R.C. Johnston. (This
included those in Pakistan and India.)

149 "Costing of Canadian Nuclear Power Plants" by
D.L.S. Bate, P.F. Mayes and W.S. Philip.

150 "Canada Judges Power Reactor Safety on
Component Quality and Reliable System
Performance" by G. Hake, P.J. Barry and F.C.
Boyd.

151 "The CANDU Nuclear Power System: Compe-
titive for Ihe Foreseeable Future" by R.G. Hart,
L.R. Haywood and G.A. Pon.

152 "Irradiation Facilities: Their Importance in
Developing Canadian Nuclear Competence" by
A.J. Mooradian, E.C.W. Perryman and T.J.
Kennett.

154 "Uranium and Thorium in Canada: Resources
Production and Potential" by R.M. Williams.
H.W. Little, W.A. Gow and R.M. Berry.

155 "The Canadian Nuclear Industry" by J.
Howieson.

156 "Fuel for Canadian Power Reactors" by L.R.
Haywood, J.A.L. Robertson, J. Pawliw, J.
Howieson and L.L. Bodie. (How it is designed
and fabricated so that such a high quality
product has such a low cost.)

157 "Large-Scale Nuclear Energy from the Thorium
Cycle" by W. Bennett Lewis, M.F. Duret, D.S.
Craig, J.I. Veeder and A.S. Bain (who looked
after all the experimental work).

158 "Irradiation Experience with Fuel for Power
Reactors" by J.R. MacEwan, A.S. Bain, M.J.F.
Notley and R.W. Jones.

159 "Metallurgical Properties of Zirconium-Alloy
Pressure Tubes and their Steel End-Fittings for
CANDU Reactors" by W.Evans, P.A. Ross-Ross,
J.E. LeSurf and H.E. Thexton.

160 "Nuclear Power and the Environment" by A.M.
Marko, P.J. Barry, R. Wilson, K. Wong, P.O.
Perron and J.L. Weeks.

161 "Medical Applications of Radioisotopes and
Radiation: Techniques and Use in Diagnosis,
Therapy and Research" by John D. Abbatt, H.F.
Batho, D.R. Cowper, L. Rosenthall and D.
Wood (This included the work on respiratory
function by Dr. D. Bates and his team in
Montreal and also prospective use of the
TRIUMF accelerator.)

162 "Canadian Studies on Applications of Isotopes
and Radiation in Agriculture and Food Preser-
vation" by K.F. MacQueen, J.W. Ketcheson,
K.O. Lapine, M.D. Proverbs, L.H. Lyall, V.W.
Nuttall and D.A. Rennie. (The last named
author had a display in the Canadian exhibit and
presented the paper.)



163 "Recovery from Radiation Damage in Biological
Systems" by A.P. James, R.H. Rixon, J.F.
Whitfield and H.B. Newcombe. (A very note-
worthy paper.)

164 "Applications of Isotopes for Industrial
Measurements and Control" by R.W. Tolmie.

166 "Government, Utilities, Industry and Univer-
sities: Partners for Nuclear Development in
Canada and Abroad" by D.G. Hurst and J.E.
Woolston. (A grand finale.)

One subject deserves special mention. We do not
know whether the effects of radiation on human
beings at low levels are beneficial or detrimental
Sunbathing is popular and has some beneficial results
in stimulating the production of Vitamin D, but it has
long been known also to lead in some cases to skin
cancer(10). It so happens that background radiation
levels are much higher in certain locations, notably in
the area of Kerala in India where the monazite sands
rich in thorium occur. A paper was presented at
Geneva by India on the first extensive study in that
area in which the inhabitants studied wore radiation
dosimeters^*). Those aspects of life believed to be
most sensitive to radiation were studied statistically
and correlated with the radiation dose levels that in a
few cases exceeded twenty times normal background
and in many cases five to ten times. Fertility, infant
mortality, foetal deaths, sex ratios of live births
showed no statistically significant effects. In fact no
effect of any kind attributable to radiation could be
established. The studies are continuing with an
attempt to study chromosome breakages and
anomalies since the radiation levels seem high enough
to be at least detected by these means.

In many other studies it has been shown that the
long double helix of the DNA molecule is broken in
one strand by chemicals and by radiation but
especially in the larger organisms there are effective
repair mechanisms at work apparently taking their
cue from the unbroken strand. From the scientific
viewpoint the knowledge being sought seems likely to
be very complex. Certainly there are differences in
response to radiation dependent on temperature and
time and chemical environment circumstances that
cannot much affect the primary radiation event

Over the next ten or fifteen years I expect our
outlook on these matters will change.

Here I may perhaps return to Rutherford; in 1930
when I joined his group I had to take on the
preparation of 150 millicurie radium active deposit

sources. My introduction to radiation health physics
was simple. Rutherford called his assistant, Crowe,
and said "Show Lewis your hands". Now Crowe had
permanent lesions on his hands from radium burns
and skin grafts. Rutherford said to me "We don't
want you to get like that. So you must be more
careful". I certainly took radiation doses that we do
not allow atomic energy workers to take now, but I
cannot tell whether they had either a beneficial or
adverse effect. I was not unique. Norman Feather and
Sam Devons worked under similar conditions and
know of no effects.

Rutherford is quoted as saying radioactivity was a
good subject to work on since we know so little
about it. Now with its new name of Nuclear Energy
and Radiations and its many and widespread ramifi-
cations we can share that feeling.

It is sometimes difficult to realize how far we have
come since Rutherford's day. His last published paper
written only a few months before his death in 1937
was entitled "The Search for the Isotopes of Hydro-
gen and Helium of Mass 3". The concluding para-
graph reads "It is a striking fact that while in
transmutation experiments using counting methods
the D—D reaction is on a marked scale, giving rise to
very large numbers of 3H and 3He particles, yet it
does not seem feasible at the moment to obtain
sufficient quantities of these two interesting isotopes
to study their properties by ordinary physical chemi-
cal methods". Now for many years 3 He has been used
as a liquid for obtaining very low temperatures, as a
neutron absorbing gas, as well as supplying ions for
accelerator experiments.

Tritium is a toxic hazard constantly watched for
and monitored and there is a prospect that as nuclear
energy develops there will be strict rationing of the
total amounts that may be released to the environ-
ment for it is produced in fission, in nuclear
explosions, in fusion and in heavy water reactors.
Like other radioactive materials it must be confined
and managed.
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