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Nuclear energy, and in particular, the fast reactor have come 122
justin time to avert a world energy shortage. Methods of
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ATOM, now in its 21st year of publication, appears this
month in a new larger size and, it is hoped, a more
interesting format.

ATOM was launched in 1956 as a monthly bulletin intended
purely for internal use within the UKAEA, but its circulation
rapidly grew far beyond this limit and it is now read by many
people outside the nuclear industry in Britain and overseas.
ATOM will retain its function as a publication of record of
the work of the Authority and other organisations involved
in the development of nuclear power; significant
developments in the industry, and major speeches by its
leading figures will also continue to be reported. Atom will
in addition feature articles by outside contributors on
different aspects of nuclear power.
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NUCLEAR WASTE
DISPOSAL

Nuclear power will be the mainstay of the electrical industry in the future,
but a sensible nuclear programme must include the fast reactor. Problems
associated with the disposal of radioactive wastes can be solved and fast
reactors can play a major role in the limitation and control of plutonium
production. These are the principal ideas developed by Sir John Hill,
Chairman of the Authority, in this lecture which was delivered at the
Institution of Electrical Engineers on 16th February, 1978.

| have chosen to speak on nuclear waste disposal at this talk to
the Institution of Electrical Engineers because nuclear power is
vital to the electrical engineering industry. Public concern about
nuclear waste is, however, an important factor in determining
how rapidly we can expand our nuclear programme. It is
therefore important that those who advocate expansion of our
nuclear generating capacity should understand the real
problems of nuclear waste; how it is handled now; how it will be
disposed of in the future; and why it will not be the problem
suggested by the anti-nuclear lobby.

| have, as you know, given many talks on nuclear power and
in some of them | have been critical of those in the nuclear
industry who have brought irrelevant complexity into the
nuclear debate. The explanation of how a neutron causes
fission, the discussion of critical size and the chain reaction has
created the feeling that nuclear power can only be understood
by the scientist. The association of the universal equation
E=mc? with atomic energy has created an aura about nuclear
power which is quite unjustified because this equation is no
more and no less relevant to burning uranium than to burning
coal or oil or anything else. | prefer to talk of uranium burning
because it is a fuel which produces heat when it is consumed
and most of the problems of nuclear power are engineering
problems similar to those we encounter in conventional fossil
fuelled generating plant. But nuclear waste disposal is different
from ash disposal in a coal fired station, so perhaps tonight |
might depart from my usual procedure and start by discussing
the scientific properties of the materials that constitute nuclear
waste. Unless we understand these properties it is not possible
fully to understand the ways in which we handle and dispose of
these wastes.

The burning of uranium gives out much more heat than the
burning of coal - about three million times as much on a
weight for weight basis so the quantity of nuclear waste to be
dealt with is vastly less than for fossil fuels. If all the electricity
used in Britain were produced from nuclear power stations we
would produce only about 30 tons of fission products annually.
On the other side of the coin the nuclear waste takes much
longer to cool down and lose its activity and so we have to
handle it while it is hot at least from a radioactive point of view.
Moreover, because the burning of uranium gives out so much
more energy than the burning of coal the radiation given out in
the process is very much more energetic and penetrating.
Shielding to contain the radiation has to be thick — over a foot
of steel or three or four feet of concrete or 10 feet of water. The
whole issue of nuclear waste is therefore connected with
handling relatively small quantities of rather nasty material.

There are basically three types of activity that have to be
dealt with in the nuclear power industry.

(i) The first and most difficult are the fission products them-
selves. These are what is left when uranium burns or
undergoes fission. They are a group of elements in the
middle of the periodic table distributed aboul a mediar
corresponding to half the weight of the original uranium
nucleus. They are the high activity wastes that cause most
public concern about nuclear power.

(i) The second group of radioactive materials are the nuclear
fuels themselves like uranium, plutonium and amercium
These are the unstable or quasi stable elements at the top
of the periodic table which will undergo fission as a result
of neutron capture or just decay away slowly as they have
been doing in nature since the world began. In general they
die away much more slowly than fission products and are
therefore much less active. The radiation they emit is. to &
great extent, easily absorbed and non-penetrating.

The third group of activities to be considered consists of

structural materials which are used inside the reactor

itself such as fuel element cladding material, control rods
support systems and even the pressure vessel itself. These
components become activated by the neutrons produced
in the fission process and remain active after removal from
the reactor. The total activity is much less than in (i) and

(ii) above but the bulk can be considerably greater.

Let us look then in more detail at these classes of radioactive
material.

(11)

1. The fission products
Fig. 1 shows the fission process and fig. 2 the distribution of
fission products from the burning of uranium. About 300
different nuclei have been detected and about 180 of them are
radioactive. These nuclei are unstable because the fission
process produces the wrong balance of protons and neutrons
in the nucleus and as they correct this imbalance electrons and
gamma rays are emitted. A large number of these fission pro-
ducts have a very short half-life and die away to stable elements
in seconds, minutes or hours and as far as radioactive waste is
concerned can be ignored, because they will all have dis-
appeared before the fuel is even withdrawn from the reactor.
Other fission products have a half-life of days or weeks and
these can all be allowed to die away in the cooling ponds before
the fuel is processed. A particularly important fission product in
this class is iodine 131 with a half-life of eight days. In some
ways this can be regarded as a particularly difficult fission
product because it is very active, it is volatile, it is readily
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absorbed in the body and gets into all the wrong places in the
chemical plants and makes them very difficult to operate. On
the other hand with an 8 day half-life it is easy to leave the fuel
in the cooling ponds for six months before processing it by
which time its activity will have decayed to less than one
millionth of what it was.

As we go up the scale in lifetime we come to those fission
products with a half-life in months or years and these are the

most important from a reprocessing point of view. Cerium 144
with a half-life of 284 days contributes the most activity in fuel
about a year old. Ruthenium 103 with a 40 day half-life and

ruthenium 106 with a half-life of exactly a year are particularly
troublesome. Ruthenium is an element with so many possible
valencies that whatever you do to effect a separation some of it
will pass in one stream and some in the other so that it always
turns up in effluent streams you would like to throw away. It
obeys Murphy's law so meticulously that it is even slightly
volatile so that when you try to glassify it some of course goes
into the off gas stream.

The most difficult fission products are, however, strontium 90
and caesium 137. These are both abundant with yields of about
5 per cent and have half-lives of about 30 years. This is short
enough lifetime for them to be very active and yet it is too long
to be able to wait for them to decay away. They constitute the
principal activity in nuclear waste over the period 10 years old
to 500 years old.

Finally, there are a very few fission products with half-lives of
10,000, 100,000 or even 1,000,000 years but these are present in
such small quantities and have such a low specific activity that
they are of little consequence and contribute less activity than
was possessed by the uranium that was dug out of the ground
n the first instance.

Fig 4 shows how the activity of fission products decays with
time. The important things to note are first the very rapid fall in
activity in the first months or years after removal from the
reactor. Second the steady slow fall in activity dominated by the
30 year halving time of Cs-137 and Sr-90 and finally the very
small residual activity of the weak longlived products.

2. Radioactive nuclear fuels

All nuclear fuels are radioactive to some extent. They are all
very heavy quasi-stable elements at the top of the periodic
table. They are unstable not because they have the wrong ratio
of neutrons to protons as in fission products but because there
are just too many of them in the nucleus for comfort. They
decay by emitting helium particles which are energetic but can
pe stopped easily by a sheet of paper. It is generally true that the

better nuclear fuels are more active than the poorer nuclear
fuels.

Uranium 238 is the most abundant and is perhaps the one 10
consider first. It was present when the earth was first created
and has a half-life almost exactly the age of the earth itselt,
4,500 million years. It decays slowly by a series of processes and
the emission of helium into ordinary lead which is inactive. The
decay of U-238 and its daughter products is the most important
source of radioactivity in and on the earth and provides the
motive power for the building of mountains and the movement
of continents without which all the land mass would have been
eroded and lost beneath the surface of the sea. It is indeed
fortunate for man that uranium has such a long half-life
because without it is highly improbable that man could exist
at all.

But uranium 238 is not a good nuclear fuel and most of the
world's stock of good nuclear fuels (which are more active and
less stable than U-238) have died away to nothing during the
earth's history. All that is left to us are small traces of U-235
which has a half-life of 700 million years. Of natural uranium
today the U-235 content that is left is only 0.7 per cent.

The nuclear industry of today is to a great extent wastefully
burning up these last traces of naturally occurring nuclear fuel.
But it does have some foresight and has recognised from very
early on that it can create new nuclear fuel from abundant
U-238 (or thorium 232) by irradiation in a reactor. All nuclear
reactors used for commercial power production are in fact
doing two quite separate things simultaneously. Firstly pro-
ducing heat by burning nuclear fuels — uranium 235 or pluton-
ium 239 - and at the same time converting U-238 into plutonium
239, i.e. breeding new nuclear fuel. The amount of new pluton-
ium that is produced in this way can be anything from nothing
to about 120 per cent of the amount of fuel burnt, depending on
the reactor design.

Nuclear fuel when removed from a reactor therefore contains
unburnt uranium, fission products (perhaps 3 per cent by
weight) and artificially created nuclear fuels like plutonium and
americium (collectively called actinides) to the extent of per-
haps 1 per cent for current reactor designs. These man-made
nuclear fuels have in general shorter lives than naturally
occurring nuclear fuel but much longer lives than most fission
products (from hundreds of years to tens of thousands of
years). The radiation from them is soft — they can be handled
with gloves. They are virtually no hazard outside the body but
are damaging in immediate contact with living tissue, the lungs,
liver, bone marrow etc
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The half-life is sufficiently long for us to treat it as infinite.
These materials must therefore be burnt, which is the reason
for making them, or stored or so dispersed as to be no hazard
to mankind.

3. Radioactive structural materials
All materials irradiated in a reactor become radioactive to a
certain extent, the activity depending upon the materials, the
impurities in the materials and the intensity of the neutron flux.
| draw particular attention to impurities because stainless steel
is almost the universal structural material in the core of nuclear
reactors and activities are critically dependent upon cobalt
impurities. Cobalt 60 has a 5% year half-life and is a particularly
powerful emitter of hard radiation. It is a much disliked element
in the nuclear industry. The whole question of the ultimate
dismantling and disposal of nuclear power stations is deter-
mined by the radioactivity induced in structural materials by the
neutrons produced by the fission process.

| would like now to turn to the handling of nuclear wastes, but
before doing so | think | should outline the rules under which the
industry operates. The standards are based upon recommenda-
tions of the International Commission on Radiological Pro-
tection (ICRP) that any unnecessary exposure to radiation
should be avoided and all radiation doses should be kept as
low as is reasonably achievable, economic and social con-
siderations being taken into account. ICRP have recommended
numerical dose limits designed to ensure that the risk to the
health of individuals and populations should not exceed an
acceptable level.

These guiding principles were embodied in United Kingdom
policy and defined in a Government White Paper Cmnd. 884
“The Control of Radioactive Wastes as follows:

(i) to ensure, irrespective of cost, that no member of the
public shall be exposed to a radiation dose exceeding the
ICRP dose limit;

(i) to ensure, irrespective of cost, that the whole population of
the country shall not receive an average dose of more than
1 rem per person in thirty years; and

(iii) to do what is reasonably practicable having regard to cost,
convenience and the national importance of the subject,
to reduce doses far below these levels.

Radioactive waste disposals are controlled by authorisations
issued on behalf of the Secretary of State responsible for
environmental matters and the Minister of Agriculture, Fisheries
and Food. The amounts authorised for dispersal are set on a
case-by-case basis. They are always below the levels derived
from the ICRP dose limits and frequently very substantially
below these levels. The first step in determining permissible
discharges involves studies of potential biological pathways
back to man, for different radioactive isotopes and food chains.

Some pathways turn out to be unimportant, others are more
critical and it is upon these that control must be based. The
authorised discharges are then set at a far lower limit deter-
mined by a judgement of what is the smallest fraction of the
permissible level that can realistically be achieved by the best
practicable means. When we read therefore of the activity of
fish or milk being 10 per cent of the maximum permitted level
we are not talking of 10 per cent of what would injure you. A
more accurate comparison would be that a car going at
3 m.p.h. is going at 10 per cent of the permitted safe speed of
30 m.p.h. This in turn does not mean that there is absolutely no
danger at 30 m.p.h. It means that the danger at 30 m.p.h. is
acceptably low for both driver and for third parties.

This policy for the control of radioactive waste disposals has
stood the test of time well, but it is always subject to review and
will be studied on a routine basis by the Nuclear Waste Man-
agement Advisory Committee.

Waste management practices

When nuclear fuel is first removed from a reactor it is, as we
have seen, very active and has a quite substantial heat output
It is by common consent accepted that this fuel is stored close
to the reactor and usually under water until this initial high
activity and heat output has died away. After about a year the
fuel is transported to the central reprocessing plants in heavy
shielded containers. These are made of steel or steel lined with
lead. They weigh between 50 and 100 tons and they are finned
to facilitate cooling.

After receipt at the reprocessing plant the fuel is again put in
storage ponds to cool for another period of up to 10 years
depending upon the value of the unburnt nuclear fuel. At this
stage the fuel assemblies are fed to the reprocessing plant, the
cladding is removed and the fuel itself is dissolved in nitric acid
A solvent extraction process first separates the fission producis
from the uranium and the plutonium and then subsequently the
uranium and plutonium are separated.

The chemistry of this whole process is extremely simple. In
practice the high levels of activity make it very much more
difficult than the simple flowsheet would indicate and make the
plants very expensive.

Let us start at the beginning as far as the operalor of a
reprocessing plant is concerned. The fuel elements as receivec
from the nuclear station usually have a radioactive crud deposit
or oxide scales on the outside of the cladding. This can flake oft
into transit flasks and, unless precautions are taken, storage
ponds as well. The flasks must be sent back to the stations
without measurable activity on the outside and not very muc!
on the inside either. What do you do with the wash water tha:
contains the crud or oxide scales?

The pond water will get some activity from defective fue
elements. How do you keep the ponds clean? What do you dc
with the water that comes from them ?

The fuel cladding will, after removal, have traces of fuel anc
fission products adhering to it as well as its own inducec
activity. What do you do with this cladding ?

The dissolution of the fuel will lead to fume and spray from
the dissolver. Can this go to atmosphere? If not how to you
clean it up? The plant will have to be washed out from time tc
time to get rid of sludges and solvent degradation products
What do you do with the washings?

| think | have indicated the measure of the real problem in
designing and operating reprocessing plants. When the scale
of the reprocessing operation was sufficiently small all sorts of
things could be disposed of to sea or be buried. As the scale
of the operation has increased, practices have had to be
improved. It is not possible to permit operator exposure or
discharges to the environment to increase pro rata with the
throughput. If anything we will have to reduce operator expo-
sure and discharges in spite of greatly increased throughput
This requires a steady upgrading of our plants and facilities
You will readily understand why in the reprocessing business
so much attention is given to the elimination of side streams
They cost more to deal with than the main line operation itself

Let us look then at the various streams containing radio-
active wastes that arise in the reprocessing operations. They
arise in gaseous, liquid and solid form and all have to be deal
with in the appropriate way. | will leave the highly-active fissior
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Activity after
Isotope Half-life 1 year 10 years 100 years 1000 years
Br;lrium143 12 secs - - - -
1odiru=,'131 8 days - - -~ -
Flulheniumm:3 40 days 20 - - -
Cerium‘I 284 days 2.5% 10“‘l 9 - -
Ftutheniumm6 1 year - 1.9x 1*:]3 2 - -
Krypton85 11 years B 3x 102 2x 102 0.6 -
Strontiumgo 29 years 3x 1[]!3 2.5x 103 2.9x 102 -
Caesium137 30 years 3.2x 103 2.6 x 103 3.2:(102 -
Samarium-I51 90 years 4 4 2 0.002
Technitium99 200,000 years 0.5 0.5 0.5 0.5
Iodine&“29 17,000,000 years 0.001 0.001 0.001 0.001

Typical fission product activities in 1 Kg of total fission products.

product stream until last since this is the one that causes most
concern.

(i) Gaseous wastes arise in small guantities from the
discharge of cooling air from some designs of nuclear reactor.
Other reactor types produce and discharge small quantities
of tritium from lithium impurities in the graphite or from the
heavy water moderator. These are all discharged to atmosphere
and have no impact upon the environment. More significant
gaseous wastes are produced when irradiated nuclear fuel is
dissolved in tne first stage of reprocessing. Gaseous and
volatile fission products are released of which krypton 85,
iodine 129 and tritium are the most important. All are released
to atmosphere at the present time but at some time in the
future, when nuclear programmes expand world wide, it will
be desirable, or perhaps even necessary, to remove the
krypton 85 and iodine 129. The krypton with a 10 year half-life
will be bottled for storage and decay and in the case of iodine
129 with a half-life of 1.6 x 107 years, permanently stored or
transmuted in a reactor.

Gaseous effluents frequently contain spray and mists from
active liquids and these have to be removed by filtration,
electrostatic precipitation or adsorbtion methods and the
resulting liquids treated subsequently as for liquid wastes.

(ii) Liquid wastes. The most important is the highly-active
stream from the reprocessing plant which contains 99 per cent
of all the fission products. | will consider this special stream
separately. Many other liquid wastes arise in a reprocessing
factory, low activity streams come from pond storage water,
plant washings, and the distillates from the concentration of
more active liquors. In the past these low active large volume
liquid wastes have been discharged to sea after monitoring to
check that the activity levels are within authorised limits.

Liquid wastes of intermediate activity arise from the scrubbing
of gaseous effluents, the condensate from concentration of the
highly-active fission product stream and solutions containing
degradation products of the solvents and washings from the
nighly-active parts of the plant and the plutonium plants.

These wastes are dealt with in a variety of ways. Wherever
possible they are concerntrated, conditioned and fed back
nto the early stages of the process so that the activity will
finish up in the correct stream second time round. This is
particularly important in the case of the long life plutonium
bearing streams.

Other streams containing for example the troublesome
ruthenium 106 (half-life one year) are concentrated and stored
until its activity is of no consequence and then discharged.
on exchange columns are used to remove strontium and
caesium (30 year half-life) to acceptable levels.

Although it is never possible to get down to zero discharge
1is clearly possible, by building more and more effluent plants,
to asymptotically approach this ideal. The issue is simply how
much money should be spent and how many lives consumed

in building more and more plants to reach this ideal. The plants
that were built 20 years ago to handle a relatively small through-
put are clearly below the standards we would build today. We
must, however, avoid the temptation to go too far the other
way — as advocated by the more extreme environmentalists —
and spend huge sums, of what is effectively public money, in
achieving very little.

(iii) Solid wastes. There is from any large factory a hig
volume of waste paper, clothing and equipmernl. Bul because
some of its originates in the active areas of our nuclear
factories, this waste is liable to be lightly contaminated and
has to be adequately disposed of. This waste is at present
buried. In the future much of the combustible part of this waste
will be incinerated.

Combustible waste contaminated with plutonium is now all
incinerated and the ash and flue washings are leached with
nitric acid and returned to the process. Non-combustible waste
contaminated with small quantities of plutonium is drummed
and dumped into the ocean deeps under international agree-
ment and supervision. High active solid wastes such as fuel
cladding is stored for decay and for future disposal.
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(iv) The fission product stream | would now like to turn to
the main cause of public concern, namely the main fission
product stream issuing from the chemical separation plant. It
is a solution of fission products in nitric acid and contains
about 99 per cent of all the fission products. It is concentrated
as far as is possible without causing crystallisation or precipita-
tion and is stored in high integrity tanks within thick walled
concrete vaults which are themselves clad in stainless steel.
Internal cooling coils are provided to remove fission product
heat and the tanks also have an external cooling jacket which
effectively provides an additional cladding. Spare tanks are
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always available (this is a condition of the site licence) and
means are available to transfer liquors from one tank to
another if a lea kdeveloped.

Some 770m? of highly-active waste is contained in nine tanks
at Windscale at the present time and represents the accumula-
tion from virtually our entire nuclear programme, both defence
and civil, over the last 25 years.

Although the storage of these highly-active wastes has been
entirely satisfactory to date it is clear that we can do better
than just leave them in an ever growing tank farm. Solidified
waste is clearly much less likely to leak into the environment
than a liquid and will required less supervision. It is therefore
planned to glassify these wastes by mixing them with a slurry
of the raw materials of glass and then raising the whole
temperature to about 1000°C by which time all the volatiles
will have boiled away and glassification will take place.

This process was developed at Harwell over ten years ago.
The fundamental process is no different from that which has
been used for the last 2000 years and the main problem is how
to engineer a plant to do this simple operation reliably and
remotely with such highly active materials. There can be no
possible doubt that it can be done on a full production scale.
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ore body.
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Underground burial of radioactive waste.
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The only question is what is the best way from the point of
view of cost, ease of operation and maintenance.

We can | think work on the assumption that in about eight
years' time we shall have a first production plant in operation
(The French have a semi-production scale plant being com-
missioned at the present time.) These plants will produce
glassified waste in stainless steel cylinders, each cylinder con-
taining about one ton of glass which in turn will contain about
1/5 ton of fission products. With the production at that time of
about four tons of fission products a year it will require the
production of about 20 cylinders of waste a year. The heat
output will depend upon the age of the waste, but will be of the
order of 10 kW per cylinder. The cylinders will then be stored
in deep ponds of water for another 20 or 30 years until the
output is diminished sufficiently for the next stage of disposal

These cylinders have got to be kept away from man for
about 500 years until all the caesium 137 has decayed. We are
planning to bury them sufficiently deep in rock that people will
not accidentally dig them up again without knowing what it
is they have unearthed.

| believe you could bury these glassified wastes pretty wel
anywhere but because of the long time they have to be kept
away from man and the fact that we do not want to have to
supervise them in the future, we have looked for geological
formations which should be particularly suitable and require
no long term supervision. The difference in cost between one
place and another is not very much so we might as well choose
the best. For the UK, granite structures would appear to be the
most suitable because unfractured granite should be com-
pletely free from water and only percolating water could
possibly transport activity back into the food chain and then
back to humans.

There is not really any great hurry to find an ultimate dis-
posal site. If we bury glassified young fission producls we wil
have problems of heat because rock does not have a high
thermal conductivity. We would prefer to wait untl the heat
output of the glass is down to a level which can easily be con-
ducted away. If we do not we will have to have a ventilated
store, or some other cooling arrangemerils, fur an equivalent
period of time. But there are pressures upon us to demonstrate
the principle of ultimate storage and we would cerlainly like
to get the research and proving work done without a rush and
in good time.

It may be that a better solution would be to dispose of the
containers of glassified waste to the ocean depins or in places
where sediment is being deposited at an appreciable rate or
to bury them beneath the ocean floor. Preliminary studics
suggest that these methods would be satisfactory. Not enough
is known however about the conditions on the deep ocean floor
to be able to assert with confidence that these methods are
better than or even as good as the relatively straightforward
method of burying the wastes in dry rock on land.

For all that is said about us to the contrary, the world
nuclear industry is in fact very conservative and cautious. One
thing we don't want to do is to put large quantities of highly-
active material anywhere where it is irretrievable until we are
absolutely sure it can do no harm. We are therefore being
cautious to an extreme in relation to sea dumping. The wastes
that are being dumped at the present time are very very low in
activity compared with the main fission product output of the
plant and need cause absolutely no concern. | personally think
it will be a long time before the nuclear industry proposes sea
bed dumping of the main glassified fission products, simply
because the research programme to demonstrate that it is
acceptable will inevitably, by its very nature, take a long time

For my lifetime | believe that the majority of fission products
will be kept in glassified form in deep water-filled ponds
Development and proving work on suitable deep burial grounds
will be completed and the older wastes whose heat and energy
is largely spent, will be progressively transferred to these burial
places. There they will slowly lose their remaining activity
causing no hurt to anyone in present or future generations.

Perhaps | might at the end of this lecture speak about the
particular problems of plutonium because this is perhaps the
other matter about nuclear power which gives rise to major
public concern.

It has been said that plutonium was named after the devil
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This is not true. It was named after the planet Pluto, the outer-
most planet of the solar system. It has been said that plutonium
is the most toxic material known to man: this is untrue. It is
certainly a nasty material to handle and this gives rise to
major problems in the design of plutonium plants. But it has
nothing like the toxicity of some of the spiders and other insects,
and is not significantly worse than the toxicity of many chemi-
cals in widespread use. The particular hazard from plutonium
is the inhalation of dust into the lung where less than a milli-
gram can cause lung cancer. The issue is not whether pluto-
nium can cause lung cancer. We know it can. The real issue is
whether plutonium does cause cancer. Provided we process it in
properly designed plants there is no reason why anybody
should get cancer by working with plutonium.

There is concern that as breeder reactors produce more
plutonium than they consume, the world will accumulate more
and more of this nasty stuff until we are ankle deep in it and it
will poison us all. Let me say a few words about why this is not
so. The only reason for making plutonium is because it is a
good fuel and we want to burn it. All reactors used in nuclear
power stations produce plutonium. About half the plutonium
they produce is burnt in situ and perhaps a quarter of all the
energy produced in nuclear power stations comes from the
burning of plutonium. But present designs of nuclear stations
cannot burn all the plutonium that they produce because a
significant proportion of it — plutonium 240 and plutonium 242 -
does not burn easily and these isotopes can only be burntin a
fast reactor. We have, therefore, the paradox that the environ-
mentalists who hate plutonium are opposing the fast reactor
which is the only way that we can have a nuclear programme
and at the same time control the amount of plutonium that we
have in the world.

The fast reactor is the one and only nuclear incinerator and

at the same time it will produce as much or as little new
plutonium as we require. | can see no way that the world can
have a sensible nuclear programme without introduecing the
fact reactor at some stage and | believe this will come in 10 to
15 years’ time.

If we are to handle our fission product wastes responsibly |
believe we must condition them properly before disposal. We
are going for glassification and this requires reprocessing of
the spent fuel. If we reprocess we will produce tons of plutonium,
only a part of which is burnable in today's reactors. Either we
keep it forever or we burn it in fast reactors, and, since its only
desirable characteristic is that it is a superb fuel, | say burn it.

The logic of what the nuclear industry wants to do is clear.
It is the industry which | believe has come just in time to save
the world's industrial society from a devastating energy short-
age. But just because these new fuels contain so much energy,
the highest standards are required to ensure that they are not
misused for weapons or the residual energy in the wastes is
not allowed to damage our environment or our future health.

These difficulties have been recognised from the earliest
days and, for all the mistakes that are made in any new
industry, the safety record of the nuclear industry has been
excellent. So also has been the record of the nuclear industry
with regard to safeguarding the environment.

Our technology is improving all the time, largely as a result
of the practical experience we are getting in operating our
power stations and plants. | am certain that nuclear power is
going to be the mainstay of the electrical industry in the future,
leaving coal for the manufacture of substitute natural gas and
the production of liquid fuels for transport. Moreover, the
nuclear industry can do this with less hazard to the operators
or the public and with less damage to the environment than
any of the alternative ways of getting the energy we require.
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UK RESEARCH ON
UNDERGROUND
WASTE DISPOSAL

The Authority’s research
programme into the
geological disposal of
nuclear waste has attracted
a great deal of attention: in a
recent article in New
Scientist, London, Dr. Frank
Feates * and Dr. Norman
Keen of Harwell outlined the
research programme. Their
article is reprinted here with
the permission of New
Scientist

Dr. Frank Feates

Dr. Norman Keen

Irradiated nuclear fuel has been re-
processed at Windscale since the
beginning of the United Kingdom's
nuclear power programme 25 years ago.
Reprocessing recovers the plutonium
which has been created and the
uranium which has not been consumed.
The residue from the recovery process
contains the producls resulting from
nuclear fission, and transuranic ele-
ments (the actinides) formed by trans-
mutation of fissile products and other
oxides. As extraction involves dissolution
in nitric acid the waste starts off as a
highly radioactive acid solution of ura-
nium. This is concentrated to a small
volume and is stored at the Windscale
reprocessing plant.

The generation of 1 gigawatt-year
of electricity produces 14+5 cubic metres
of highly active liquid waste. Over 14
per cent of our electricity is now
generated by nuclear power, and we
have accumulated 700 cubic metres of
such waste since the nuclear energy
programme began. The waste is at
present stored in carefully designed
tanks—and none of these high level
wasle tanks has caused any problems
Various methods have been developed
for converting the liguid into a sold
Incorporation of hquid waste in glasses
appears the most suitable method of
solidification—the final volume being
about one-fifth of that of the con-

*Dr. Feates has now taken up an
appointment within the Department ot
the Environment

centrated liquid. Harwell manufactured
the first such glasses containing radio-
active waste about 15 years ago.
Glasses possess a number of im-
portant properties that make them
particularly attractive for long-term
storage: they can accommodate a very
wide range of chemical elements; they
are stable to very large radiation doses;
they resist relatively high temperatures;
they do not give rise to dust; and they
are almost insoluble. Thus they provide
a minimal risk of water or air pollution
in the unlikely event of an accident.
Present plans are to wuse the
vitrification process developed at Harwell
to convert the liquid waste into glass in
steel cylinders about 60 cm in diameter
and about 3 metres long containing
about 14 tonnes of glass. Our present
nuclear power programme will produce
about 36 such cylinders a year. For ease
of handling during disposal it may turn
out to be better to produce smaller
cylinders in correspondingly larger
numbers
The radioactive fission products pro-
duce heat as they decay over about a
300-year period. So it helps to keep the
wastes liquid for a time so that the
initial heat can be dissipated by water-
cooled coils passing through storage
tanks. After solidification the wastes will
probably require cooling for several
years before final disposal. The effects
of the remaining heat on repository
integrity require detailed consideration
The present UKAEA research pro-

gramme aims to assess the rclative
suitability of various natural geological
structures as final repositories for the
vitrified material. Our studies are con-
centrated on disposal into stable under
ground tormations although we are
increasingly considering emplacement
on or under the ocean bed which
appears to be a very safe method of
disposal (New Scientist, vol 73, p 709).
Researchers have already carried out
work in North America and in Europe on
the use of salt formations for the
isolation of nuclear waste. Clay and
hard rock formations are also worth
studying, and the European Economic
Community is sponsoring an inter-
national collaborative research pro-
gramme. Because of the high costs
involved in drilling deep to study rock
structures and assess their suitability,
the present programme provides for
each country to concentrate its studies
on one type of rock. The United
Kingdom, with France, will look at hard
rocks such as granite; Germany, with
Holland, will study salt; and ltaly, with
Belgium, clay. At this stage the pro-
gramme requires a general study of the
nature of rock structures deep below the
surface to measure their water content,
permeability and fracture structure so
that we can assess any risk of water
pollution. The study also calls for
nvestigation of the effect of the heat
output from the radioactive glassified
waste on the rock structures. We must,
too, undertake engineering studies to
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