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PROLIFERATION
AND THE RECYCLING
OF PLUTONIUM

In Februa
Marshall,

this year the Authority’'s Deputy Chairman, Dr. Walter
BE, FRS, gave the Graham Young Memorial Lecture on
the subject of nuclear power and the proliferation issue (ATOM,
April 1978). In a lecture given to the Uranium Institute’s International
Symposium on uranium supply and demand and related subjects
held in London in July, Dr. Marshall develops some aspects of his
Erevious lecture and of papers given by other scientists at the Fifth

nergy Technology Conference in Washington.

| do not have to tell this audience that the proliferation issue
has become of major importance in determining the future of
the nuclear industry and therefore the future use of uranium
in the world. This last year has seen a good deal of
controversy on this topic and my purpose today is to discuss
this topic as | see it.

Active world-wide interest was stimulated by President
Carter's initiative in calling for a new examination of the risk of
proliferating nuclear weapons capability through the growth
of nuclear power. The sense of his initiative has been well
summarised by Joseph Nye, in the April 1978 issue of
Foreign Affairs’, and by Victor Gilinsky, in his article of
November last year on Nuclear Energy and Nuclear
Proliferation’. My first step must therefore be to summarise
their argument.

In brief, they argue that if plutonium is to be present in the
world, several factors have to be taken into account when
considering its use and safekeeping. Neither governments
nor regimes are guaranteed to be long-lived and, sadly,
regions of the world are not guaranteed to be stable in the
future. We cannot even rule out the possibility of “terrorist
groups being in league with maverick states™ to divert or
misuse plutonium. They therefore argue it is important to
decrease the general availability of weapons-usable
materials — in particular, plutonium. The US Administration
has therefore advocated that, at least as a temporary
measure, plutonium should neither be recycled nor
separated, but should be left in fuel discharged from the
reactor because spent reactor fuel is such an intimate
mixture of uranium, plutonium and fission products that the
intense radioactivity of the latter would prevent the fuel from
being easily “reprocessed” to separate out the plutonium.
But if there is to be no reprocessing there can be no recycle
of plutonium in either thermal or fast reactors and
automatically, therefore, in the USA the fast reactor is

delayed. This US initiative has, in turn, led many countries
who are uranium producers to have renewed concern about
the use made of their uranium if exported, but again, for this
particular audience, it would be unnecessary for me to dwell
on those matters.

You must all be conscious that these concerns have
elevated the export of uranium ore to a high political level, so
much so that the geological availability of uranium is
nowadays of less concern than its political availability. These
concerns about weapons proliferation are complicated in
many countries by a less well-articulated concern about the
so-called “plutonium economy”. It seems to me that much of
this general concern about plutonium is emotional and non-
factual and | shall, therefore, concentrate solely on the
proliferation arguments because those are ones amenable
to analysis.

I must say at the outset, that | have some sympathy with the
intent of the US arguments and, certainly, it is disappointing
and distressing to observe that, taken as a whole, the world is
not becoming a more sane, more civilised, more stable
place. However, it also seems to me that the arguments
being made are a significant, over-simplification of a
complex position. In particular, | am unhappy at the
concentration of attention upon the availability of plutonium
to the exclusion of almost any other consideration. | do not
accept that the diversion of plutonium from a civil nuclear
power programme is the main proliferation danger facing the
world; there are so many other and easier ways of making
nuclear weapons that | am puzzled by the large amount of
attention given to the former to the almost total exclusion of
the latter. | would, myself, prefer to see more thought put into
purely political actions designed to reduce tension in the
world and, even if we confine ourselves to technical issues, |
would think the growing availability of easy enrichment
techniques, the future possibility of uranium 233 being
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available from the irradiation of thorium, the development of
sophisticated expertise in the use of high explosives and the
acquisition of delivery systems capable of deploying nuclear
weapons, were all more important questions to consider than
the mere availability of plutonium. There is, therefore, a real
danger that a concentration on the dangers of plutonium will
merely divert attention from more important matters but,
despite that danger, | have no alternative but to address
myself to the narrow plutonium question today if only
because that is the issue which has aroused so much
uninformed apprehension.

In thinking about the availability of plutonium, | discovered
that my thoughts were closely parallel to those of my
American colleague, Dr. Chauncey Starr, of the Electric
Power Research Institute and, therefore, many of the points |
have made previously and which | will make today, have
been worked out in joint discussions with him. Some of our
earlier thoughts were summed up in the Graham Young
Memorial Lecture which | gave at the University of Glasgow
on 24th February 1978 and in a series of four lectures given
by Dr. Starr and staff members of EPRI and of the United
Kingdom Atomic Energy Authority, during the course of a
special session on non-proliferation at the 5th Energy
Technology Conference in Washington DC on 27th February
1978'. Today, | first propose to remind you of the arguments
which we made in those lectures at the end of February and
then to tell you something of the way our ideas have evolved
since that time as a result of comments we have received and
further work within our two groups.

Any discussion of plutonium availability must start by
considering the initial production of that material. As you all
know, it is produced in thermal reactor fuel by the neutron
irradiation of uranium 238. When a spent fuel element is

removed from a thermal reactor, it contains fission products
that are so radioactive that we can safely regard it, and the
plutonium it contains, as “inaccessible" to all except the few
experienced nuclear fuel companies in the world. | believe it
is primarily for this reason that some American spokesmen
have urged consideration of the once-through fuel cycle
where the spent fuel elements are simply stored and left
unreprocessed so that the plutonium is left locked up in an
intimate mixture of radioactive fission products and unburnt
uranium.

However, the radioactivity associated with a typical fuel
element falls off rapidly with time as shown in Figure 1, which
is reproduced from the Graham Young Memorial Lecture. It
can be seen from this figure that it falls by a factor of 300 over
the first year and a factor of 2000 over the first 10 years. The
hazard presented by the radioactivity to anybody attempting
to handle the fuel element depends, of course, on the amount
of radioactivity, the knowledge of those handling it, the
sophistication of their equipment, and the operational time al
their disposal. Even given the decay of radioactivity with
time, it is still extremely difficult to perforrn all the steps
necessary to extract the plutonium. But, though difficult, it is
certainly not impossible and, therefore, as time goes on, the
plutonium becomes “extractable” by organisations with
progressively less experience and expertise.

This, by itself, would not be very significant if all the spent
fuel could be gathered together on just a few sites in the
world so that it could be adequately safeguarded and
controlled. However, with light water reactors, it is common
practice to store spent fuel at the reactor site itself for many
years and there is no technical difficulty to increasing the
storage capacity to cover about ten to fifteen years'
production. Therefore, if we promote the once-through cycle,
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Figure 1 —The gamma activity of a spent PWR fuel assembly as a function of time and the contribution made to that

activity by several key isotopes.
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Figure 2 — Production of plutonium in a PWR (for each GW(e) year).

it is my judgement that the chances are very low of gathering
together that spent fuel at just a few locations. | feel that that
particular proposal will lead to the distribution of plutonium in
spent fuel in a wide number of locations throughout the
world, and the need for physical protection and safeguards
would grow correspondingly as the amount of stored fuel
increased and the number of sites increases. In this way |
argued in the Graham Young Memorial Lecture that every
reactor and every fuel storage facility would become a
“plutonium mine", becoming steadily more accessible with
time, thus setting off a proliferation time-clock, with every
nuclear power plant and storage facility in every nation
becoming a potential target for plutonium diversion.

| do not think that this is a very attractive proposition for us
to look forward to indefinitely. Above all else, | must reiterate
a very simple point: thermal reactors produce plutonium
each and every year of operation and, therefore, if the
plutonium is not used the amount of it in the world must grow
indefinitely.

Therefore, | argued in my lecture that the proper step for
the moment is to retrieve spent fuel into a small number of
very large reprocessing plants. In practice, this would mean
that plutonium would be stored in as few locations as
possible. | also suggested that the plutonium should be
reserved for use in fast reactors and, in order to understand
this, it is necessary to review briefly the operational
characteristics of fast reactors. | do not apologise for doing
so even to this informed audience because so many wrong
impressions have been given to the public about fast
reactors that we should take every possible opportunity to
correct those wrong impressions. For example, it is factually
correct, but consistently misunderstood, that the use of fast
breeder reactors instead of thermal reactors decreases the
amount of plutonium in the world. This is because fast
breeder reactors do not breed fast, they simply use fast
neutrons and breed rather slowly.

May | remind you of some typical production figures for
plutonium. A typical thermal reactor (a 1000 MW PWR)
produces about 300 kgs of plutonium each full operating
year. If that plutonium is not used, then it must be regarded

as a waste product and it accumulates indefinitely. That was
never the intention of the nuclear industry. That is why, in
many countries throughout the world, fast reactors were
planned to follow on after thermal reactors to make use of
and to incinerate that plutonium. (An alternative is to use
plutonium in thermal reactors and | shall discuss that later.)

A typical fast reactor (1000 MW and sodium-cooled) has a
core which contains the plutonium fuel and a blanket region
which surrounds that core. The core of the reactor produces
heat, and therefore electricity, by incinerating some of the
plutonium fuel which is put into it. The core fuel also contains
a good deal of uranium 238 and, therefore, additionally
plutonium is both created and incinerated in the core in-situ
The exact balance between the creation and incineration in
the core needs to be calculated carefully to understand the
heat production of the reactor, but, for our purposes, we can
ignore all those complications. We simply need to know that,
if the fuel is taken out of the core at the end of one full year's
operation, it will contain about 200 kgs of plutonium less than
it contained when that same fuel was put into the reactor. In
effect, therefore, the core of the fast reactor is an incinerator
of plutonium and incineration takes place at arate of 200 kgs
for every GW(e) year.

It would be entirely possible to operate fast reactors in that
simple way as incinerators of plutonium, but by making use
of the blanket region, we can make the fast reactor flexible to
either an increasing or decreasing need for electric power.
When depleted uranium is put into the blanket region, it
absorbs the neutrons which escape from the core and is
converted to plutonium. A typical design of fast reactor might
produce as much as 450 kgs of plutonium in a year in the
blanket. That production of plutonium in the blanket out-
weighs the incineration in the core but, depending exactly
on the design of the reactor and material put into the blanket,
one can affect the balance between the optional production
in the blanket and the inevitable incineration in the core so
that the reactor as a whole is, overall, either a net producer or
anetincinerator. Using the figures quoted above, the blanket
production of 450 kgs, offset by core incineration of 200 kgs,
gives a net production of 250 kgs. This is somewhat less than
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Figure 3 — Plutonium incineration and production in a specific design of fast reactor (all figures are per GW(e) year).

the production from a PWR and considerably less than the
production (per unit power) from our Magnox stations. These
calculations concerning plutonium  production are
summarised simply in Figures 2 and 3. They demonstrate
that, once the fast reactor has been launched, itonly needs a
steady supply of depleted uranium to keep it going. It does
convert that depleted uranium to plutonium but it also
incinerates plutonium simultaneously. At one extreme, the
fast reactor can be an overall producer of plutonium at a
slower rate than in thermal reactors and, in the other extreme,
it is overall an incinerator of plutonium. In this way, the total
amount of plutonium in the world can be controlled by the use
of fast reactors. These figures for plutonium production are
summed up using particular reactor designs in Figures 2 and
3.

However, the main non-proliferation effect of the fast
reactor is neither the opportunity to incinerate plutonium nor
the option to control the total amount of plutonium in the
world; it is the fact that, so long as plutonium is used, it
becomes so associated with fission products that it becomes
“inaccessible”. It is, therefore, important to realise that fast
reactors have advantages both for energy production and
for non-proliferation objectives.

However, in order to realise these advantages, it is first
necessary to reprocess the spent fuel elements of thermal
reactors to extract the plutonium from them and it is then
necessary to fabricate that plutonium into fresh fuel for the
fast reactor. It is this prospect of separating plutonium from
fission products and then handling it to make fresh fuel that
has given rise to concern about the so-called “plutonium
economy" and proliferation risks. Furthermore, it has been
argued that, as the use of fast reactors grows, those risks
must necessarily grow also. | do not accept the sense of
this argument because | think it is based upon a misunder-
standing of the ultimate nature of the fast reactor fuel cycle
which will be operational in the future.

Any discussion of plutonium fuel cycles must appear
complex to the non-expert. The difficulty of presentation is

inevitably increased when we recognise that there are at
least three types of plutonium-bearing fuel we need to
consider. First, we need to consider the fuel needed to
launch fast reactors. Next, we need to consider the fuel
required to maintain them in operation and, finally, we need
to consider a different opportunity altogether, namely the use
of plutonium-bearing fuels in thermal reactors. | shall,
therefore, devote the remainder of this lecture to a discussion
of these three fuels, paying particular attention to the
proliferation aspects of each.

We should first note that, within the fast reactor
programmes throughout the world, overwhelming attention
has been given to the first step, namely the launching of fast
reactors. This must, of course, start from the reprocessing of
thermal reactor fuel, the extraction of plutonium and and the
refabrication of that plutonium, together with depleted
uranium, to make the initial charge for the fast reactor core.
Once the plutonium has been separated from fission
products, then it is no longer “inaccessible” and, therefore,
we are obliged to acknowledge that these steps have, in a
very general and philosophical sense, increased the
availability of plutonium from the time that it was separated
up to the time it is placed inside the fast reactor core (and
thereby rendered “inaccessible” very rapidly). All countries
with fast reactor programmes have planned to use some
form of PUREX plant for reprocessing the thermal reactor fuel
and planned to fabricate the new fast reactor fuel by a
suitable extrapolation of techniques for the fabrication of
uranium oxide fuel for thermal reactors. | have not been able
to see any reasonable alternative to these ideas to launch
fast reactors but, as | understand the views of those people
who fear the so-called “plutonium economy”, they are not
concerned so much with this phase of launching fast
reactors — because that necessarily must be an interim
phase — but they are concerned about the prolongation of
risks from plutonium into the indefinite future. However, these
fears, if | have correctly represented them, have not
sufficiently recognised that the fuel cycle to maintain fast
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Figure 4 — The gamma activity of a fast reactor fuel assembly and a new CIVEX assembly.

reactors in operation will be very significantly different from
that which is required to launch them and the main theme of
the papers given by my colleagues at the Washington
Conference in February was to point out that there are good
reasons to suppose that, throughout the fuel cycle to
maintain fast reactors, we can retain plutoniumin such aform
thatitis very hard to divert it or misuse it and, if necessary, we
could introduce a modification of existing plans to render the
plutonium “inaccessible” throughout the entire process. This
modified proposal was named CIVEX by Dr. Chauncey Starr
to emphasise the difference from the conventional PUREX
plantand | would now like to describe to you a CIVEX plant as
| envisage it at the present time.

| would like to start by drawing attention to a very simple
point. It is conventional to store thermal reactor fuel for about
10 to 20 years before reprocessing it because there are no
strong economic reasons why it should be reprocessed
more rapidly than that, and the longer it is left in storage, then
the easier it is to handle. However, the fuel cycle to maintain a
fast reactor in operation must necessarily recycle fissile
material more rapidly and the spent fuel and blanket
elements taken out of a fast reactor must be reprocessed,
mixed with the fresh depleted uranium and returned to the
fast reactor, ideally within about one year. This is absolutely
necessary to keep the total plutonium inventory at an
acceptable economic level. This means that the technology
for handling plutonium which comes from a fast reactor and
goes to a fast reactor, will be significantly different from that
which is handling plutonium that has come from a thermal
reactor and going to a fast reactor.

Figure 1, which shows the gamma activity of a spent
thermal reactor fuel element, also shows beneath the main

curve the contribution made to that activity by the various
fission products present in it. Those curves illustrate clearly
how the activity is dominated in turn by short-lived products,
a key group of isotopes with half-lives of several months, and
a longer-lived group of fission products and actinides with
half-lives of many years. The curve for a fast reactor fuel
assembly would have the same shape but there is clearly a
big difference between reprocessing either of these within
the first year, when the radioactivity of the fission products
is very high, or reprocessing after 10 to 20 years when the
radioactivity of the fission products has substantially
decayed. In particular, we can note that, if the fuel is repro-
cessed within the year, then the radioactivity is dominated
by the presence of several short-lived radioactive isotopes
namely zirconium, niobium, ruthenium, cerium and
praseodymium whereas, after five years, these very
active fission products have decayed and the radio-
activity is then at a lower level and dominated by caesium,
strontium and the actinides. In a conventional reprocessing
plant and in the fast reactor reprocessing plant as at present
planned, it is customary to include several stages of the plant
to eliminate all the fission products from the final uranium and
plutonium products. However, for the fast reactor, there is no
technical reason why we are obliged to do this and, if the
reprocessing flowsheet were simplified, then those fission
products could be made to accompany the final plutonium
uranium product at any designed level. In that case, the
plutonium would be accompanied by such highly radio-
active fission products that it would be “inaccessible” when it
came out of the reprocessing plant as well as when it went
into it. The fabrication of this highly radioactive mixture into
fresh fast reactor fuel would be difficult, certainly more
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Figure 5 — The ratio of gamma activity of CIVEX fast reactor fuel to spent fast reactor fuel as a function of time.

difficult than if the fission products had been separated out in
the reprocessing plant. Nevertheless, my colleagues and |
are confident that fabrication techniques can be developed,
especially if we choose to fabricate the fast reactor fuel using
the gel route which my Harwell colleagues have been
working on for several years. This gel route fabricates fuel
into perfect spherical particles which can then be loaded
automatically and remotely into the fast reactor fuel pins.
Once that process has been developed successfully for
straightforward plutonium/uranium oxide fuel, we would not
anticipate great difficulties in extrapolating it to deal with
fission products simultaneously. We will have available,
therefore, technology which is capable of retaining
plutonium in an “inaccessible” form throughout its entire
lifetime once it is both being created and used for fast
reactors and that fast reactor programme has reached a
mature state.

It is this idea which is the core of the CIVEX proposal which
Dr. Chauncey Starr and | have put forward with our
colleagues. Inour view, it very largely eliminates proliferation
dangers from the fast reactor in the longterm, but | would like
to reiterate that no technical “fix" by itself can be a solution to
proliferation dangers. It is always possible for a suitable
sophisticated organisation — and that certainly includes
many governments — to manufacture nuclear weaponsiif itis
really determined to do so. All the CIVEX proposal has done,
therefore, is to ensure that it is, roughly speaking, just as
difficult and just as time-consuming to divert plutonium from
the fast reactor cycle as it would be to divert if from freshly-
discharged thermal reactor fuel. In my view, we should leave
it to future generations to decide whether that is a worthwhile
objective. It is not obvious to me that it necessarily is so, but |

TABLE 1

Key Fission Products for CIVEX Process
(450 kg assembly)
PWR Sub-assembly — 10 days After Discharge

Activity Ye-Lite Percentage
Fission Product CiMeV x 10° Days Recycled
9By 438 35 30
95,, 385 64 30
103g, 260 39 50
1063, 106, 0.64 368 50
1440, 144p, 0.29 285 1

think it is worthwhile to identify the options that we will have in
the future if we remain concerned about this matter in the
next century.

Table 1 gives a list of the important fission products which
matter for the application of this CIVEX process. The table
shows the gamma activity and half-life for each of the
isotopes and the final column gives a percentage of each
which can be recycled together with uranium and plutonium
by suitable modification of the reprocessing flowsheet.
These last estimates are due to my colleagues at Harwell and
have been described in the paper which Dr. R.H. Flowers
gave at the Washington Conference.”.

Figure 4 shows the results of that particular technology if
applied to the recycle of plutonium in a mature fast reactor
system operating next century. The first curve in Figure 4
shows the activity of a fast reactor fuel assembly as a function
of time after removal from the reactor and the second curve
shows the activity of the fresh fast reactor fuel if prepared by
a CIVEX process which recycles isotopes to the percentage
described in Table 1. Clearly, if that recycle were a leisurely
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Figure 6 — The gamma activity of a PWR fuel assembly and a new CIVEX assembly for a PWR.

one, then the activity in the recycled fuel would be small
because these isotopes would have had time to decay.
However, if the recycle time is shorter than or comparable to
one year, then the activity of the fresh fuel is comparable to
that of the old fuel. This is shown as a percentage plot in
Figure 5 and, because Figure 5 is shown to an arithmetical
scale rather than the logarithmic scale of Figure 4, it is easy to
see that the opportunity to recycle a high degree of
radioactivity has a maximum at around about the same time
that we must achieve for fast reactors in order for them to be
economically viable.

Since the presentation of these ideas at the end of
February, most comments and questions have concerned
the prospect for applying the same idea to the recycle of
plutonium in thermal reactors. This was, in fact, mentioned by
Drs. Levenson and Zebrowski of the Electric Power
Research Institute during the course of the Washington
meeting and | agree that it is a matter which deserves
attention. However, it is my present view that close
examination will show that this is not really worthwhile and |
would not, therefore, wish to advocate it. There are several
reasons why that is my view and | would now like to review
them briefly.

First, | must acknowledge that some of the advantages of
the fast reactor fuel cycle are shared with thermal reactor
recycle of plutonium. Both make plutonium “inaccessible”,
both can incinerate plutonium and both control the total
plutonium population. Furthermore, thermal reactors are
immediately available. But they do not give independence of
uranium supply and thermal recycle of plutonium only adds
about 20 per cent of energy value to our uranium resources

and therefore, in my judgement, thermal recycle will be
undertaken only in a few advanced countries for a relatively
limited interim period before fast reactors are commercially
available.

For this rather limited application, let us now see if the
CIVEX idea can be used.

| am satisfied that, from the technical point of view, the
same ideas proposed for CIVEX in the fast reactor fuel cycle
could be applied also to plutonium recycle in thermal
reactors.Using the results of Table 1, we can calculate the
amount of activity which can be returned to thermal reactor
fuel. The results, which are again due to my Harwell
colleagues are plotted in Figures 6 and 7. These correspond
exactly to Figures 4 and 5 but are applicable to thermal
reactors rather than fast reactors. Apart from unimportant
details, the figures are similar to those for fast reactors. They
do demonstrate, therefore, that it is possible to retain
plutonium in an “inaccessible” form in thermal reactor
recycle provided that recycle is done rapidly.

But | do not think there is any practical possibility of rapid
recycle being done. There is, at the moment, worldwide a
vast surplus of unreprocessed fuel compared with
reprocessing capacity. There is no prospect of that trend
being rapidly reduced and, in my judgement therefore, we
shall have throughout this century more plutonium than can
possibly be used, either in thermal or fast reactors.
Furthermore, a large fraction of that plutonium will be old
plutonium which might well be closely associated with long-
lived actinides but cannot possibly be associated with the
fission products listed in Table 1, because they will all have
decayed. Therefore, | see no practical opportunity for
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Figure 7 — The ratio of the gamma activity of CIVEX fuel for a PWR to that of spent fuel from a PWR.

recycling "new" plutonium into thermal reactors in this
century. Indeed, | cannot envisage a situation in which
significant quantities of thermal reactor fuel would be
reprocessed either in a conventional or CIVEX type plant
before it has been in a cooling pond for a number of years.
Furthermore, even if a CIVEX project for thermal recycle was
launched today, it would be at least ten years before the fuel
cycle would be fully proven and available on a commercial
scale. Finally, the use of plutonium recycle in thermal
reactors can only be an interim measure until fast reactors
are available and therefore, as | see it, even if it was judged
desirable to recycle plutonium in a thermal reactor using a
CIVEX type plant, the opportunity to do so on any scale
would, in practice, be overtaken by the arrival of fast reactors
— which are needed to tap the energy resource of uranium-
238.

To sum up: CIVEX could be used for thermal recycle of
plutonium but it would take more than a decade to launch it
and it would not be fully operational with “inaccessible”
plutonium for several decades after that.

But, in my opinion, thermal recycle will only be worthwhile
in a few advanced countries with large nuclear programmes
and those are exactly the countries likely to get fast reactors
at an early date. The arrival of fast reactors will therefore, in
my opinion, overtake the opportunity to use CIVEX for
thermal recycle of plutonium.

For all these reasons, | believe that where thermal reactor
recycle is done at all, it will be done with careful institutional
and conventional safeguarding techniques. Therefore, if
CIVEX withstands the technical scrutiny of the international
community, | recommend that we concentrate on preparing

it as an option for use with fast reactors if it turns out to be
required.

To conclude, | have reviewed the use of plutonium in three
types of situations: to launch fast reactors, to maintain fast
reactors and for recycle into thermal reactors in the interim
period. | have pointed out that, in a mature fast reactor
economy of the next century, a technical evolution of the fuel
cycle can make it very difficult to divert plutonium from the
CIVEX fuel cycle itself and that, therefore, if there really are
proliferation dangers from handling plutonium, they are likely
to be larger during the interim period of some decades
before fast reactors arrive than they will be ultimately. Let us
hope that a general consensus develops to this point of view
quite soon because the present uncertainty concerning the
future of nuclear power and the stimulus it gives to every
nation to preserve its nuclear power independence, is itself a
proliferating trend. We ought to be building up
interdependence and confidence between nations and that,
in my view, would be a more significant contribution to non-
proliferation objectives than the technical ideas which | have
outlined here today.
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