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ABSTRACT

Twenty years ago most industry leaders believed that it is not possible to make effective nuclear weapons with "reactor grade" plutonium. This belief was reinforced by statements from some reactor designers ‑ particularly Dr. Andrey Sakharov. Now it is clear that one can make nuclear weapons with almost any combination of plutonium isotopes, although plutonium from high burn up fuel will not work in most existing designs. This must change the perspective of nuclear power operators who must safeguard their spent fuel. There is clearly no absolute protection As this understanding has developed it has also become clear that it is also easier than before to separate the isotopes of enough uranium to make a bomb. The success of the South African program to make 6 bombs, using facilities that were not very large attests to this. Thus the ability to make nuclear weapons is available to more countries and more people than before. Since there are no absolutes in non‑proliferation (given enough effort a country can make a bomb starting with raw uranium ‑ as the USA did in less than 4 years) a criterion is needed to help the public decide when the nuclear power industry has enough protection. I suggest that the relevant criterion should be that any individual must find it harder to make a bomb by diverting nuclear power material than starting from scratch. It is also important to note the extent that the existence of a nuclear power industry can help in non proliferation endeavors by making sure that there are technically knowledgeable people who visit developing countries and can understand their aspirations and also act as watchdogs.

I. INTRODUCTION

Twenty years ago the prevailing wisdom in the nuclear power community was that one could not make a bomb from spent nuclear fuel,(1) and that if uranium enrichment was kept at a few per cent there could be an almost complete separation of the civil and military uses of nuclear fission. This prevailing wisdom is now known to be wrong(2) and the whole problem must be rethought. There are few absolutes in this world. It is clear that one can make a nuclear bomb starting with very little. The USA started with uranium ore in 1945. How can one be sure that a nuclear facility for peaceful purposes does not help to make a bomb?

I here suggest two criteria for deciding whether we have done enough in any particular direction to reduce the potential for proliferation. 1. The ease of making a nuclear bomb from the facility being protected must be LESS THAN the ease of making a bomb in the absence of the facility.

2. The nuclear power industry must be designed to increase, rather than decrease, those open contacts that reduce the desire of a country or person to make bombs.

3.   After (1) and (2) are satisfied, it may be worth making further effort but not at the expense of weakening the industry.

The first is an obvious risk/risk comparison.

The second is a suggestion that the industry should consciously play an important role in the public interest. In the rest of this paper I discuss how these two simple criteria might work in the nuclear power industry. Firstly I will briefly discuss the technical issues in using uranium or plutonium for the bomb. Finally I argue that since technical processes become easier as time goes on, it becomes more and more urgent to develop a sound political approach to nonproliferation. In my view this is easiest with an open society and a worldwide, internationally supported nuclear power program can assist in this and contrary to many anti nuclear activists, can reduce the threat of proliferation.

The first "atomic" bomb to be used (at Hiroshima) was a bomb made from separated uranium 235; two hemispheres were rapidly brought together and the device exploded. It is important to realize that the American scientists were certain that it would work and did not test it in advance. In contrast the bomb made with separated plutonium was a hollow sphere compressed by simultaneous explosive charges. This is difficult enough that a test was made iri advance at the Trinity site near Alamagordo in New Mexico. Nonetheless both the test and the Nagasaki bomb exploded as planned. It is also important to realize that the achievement of both designs was done in less than four years from the start of the program: in wartime, and before anyone was sure that it would work. Everyone now knows that atomic bombs work, and the major outlines of the required capability were made clear to the world in the Smythe report.(3) The difficulty was (and is) primarily the preparation of the pure material. Attempts to prevent proliferation of bombs (either among countries or among terrorist groups) have focussed on this.

II.
TECHNICAL AIDS TO REDUCING PROLIFERATION

A. Uranium Bombs

It is generally accepted that the main difficulty in making a bomb with uranium of the simple "gun" type is the availability of pure uranium 235. While making pure metal from ore is a well established and widely available procedure, separating isotopes is harder. In the USA a 3 billion facility was built at Oak Ridge TN in 1944 for separation of uranium isotopes by gaseous diffusion of uranium hexafluoride.

Such a facility has a high throughput, put a high capital cost. Such facilities are very visible (although the Chinese facility was not recognized till after their bomb was exploded).  This was been made somewhat simpler by use of centrifuges. Although a centrifuge is smaller and simpler than gaseous diffusion and it is similar in principle to devices widely used in medicine and other disciplines, a set of 1000 centrifuges is needed which is hard to hide. But now it is possible to separate uranium isotopes with a smaller and simpler device ‑ the Becker nozzle.(4) It was used by South Africa to make their half dozen bombs(5) and was not also difficult. Thus making a uranium bomb has become progressively simpler and within the capability of small non‑industrialized countries. This, then is likely to be the preferred option for a small country or large dissident group for making a bomb. It must be harder to obtain pure material, by stealing or otherwise than to make and use a Becker nozzle. For some 35 years there has been a fear that laser isotope separation could be even simpler. Lasers, even those of high power, are now ordinary industrial items and the prospect is raised that a small low throughput facility (adequate for a small country or terrorist group) could be built and hidden in a garage. In the 1970s Glenn Seaborg, as Chairman of the Atomic Energy commission canceled some research projects along these lines hoping to delay the development of this technology till political means for nonproliferation had been developed.

B. Plutonium(6)

Plutonium is made in most nuclear reactors from neutron capture on uranium 328 and decay of Np 239 to form Pu239. Pu 239 is a fissile material very suited to making bombs (it is called "bomb grade" plutonium). But if plutonium is left in the reactor for a long time (high burn up of the fuel) further neutron capture takes place leading to Pu 240 (and after decay and alpha emission Pu238) (it is called "reactor grade" plutonium). As late as 1970 most people in the nuclear power industry believed, with some justification(7) that it was suffciently harder to make nuclear bombs with "reactor grade" plutonium that it did not present a proliferation problem. However experts insist that this is not now the case. The nuclear industry has been slow to recognize this, although two expert committees, one from the National Academy of Sciences(8) and the other from the American Nuclear Society(9) clarified the issues. Unfortunately many supporters of the nuclear industry have not fully accepted this fact.

Although it is easier to make a bomb with uranium than with plutonium, there is a perception among many people in the public that it is plutonium that is intrinsically evil. That raises issues that are hard to counter.

III. WHAT IS THE RECORD SO FAR?

The record of proliferation so far suggests that among countries the availability of material has NOT been the main limitation. Fifty years ago in 1947, when, as a graduate student, I first discussed this matter with those who had made the first bombs(10), we knew that any industrialized country could make them without outside assistance within a few years (I suggest one year now), and a third world country could make them within about 10 years. In 1983(11) a belief that Iraq could make a bomb within 8 years ‑but that proved to be too short a time. A technical non‑proliferation procedure can slow this down a little and give the world warning that a country is trying to make a bomb. On the one hand we must recognize that delay is all that technical methods can accomplish. On the other hand we must be prepared politically to use the time that delay gives us for political actions. In 1947 we thought that 100 countries would have bombs within 25 years. We were overly pessimistic. There are only 7 declared countries and one undeclared country ‑ USA, Russia, United Kingdom, France, China, India, Pakistan and Israel.

On the other hand there have been failures. At the time of the Cuban missile crisis, when USA had 70 or so and USSR had 40, most people in both countries were scared. I would not be more scared with 200. Surely that is enough for an effective deterrent? But we now know that USSR had at the peak 40,000 nuclear weapons and the USA a similar number. Even when Salt II is finally rat)fied we are talking of 1000. In 1947 we thought that no country would have more than a dozen bombs. At the time of the Cuban missile crisis the USA had about 70 bombs and the USSR about 40. Yet these were enough to scare me and my family. Why were we so wrong?  I suggest it is because we have failed to educate our (and their) military in the awful aspects of nuclear war. 

IV. REASONS FOR MAKING, OR NOT MAKING, NUCLEAR WEAPONS

I believe that even in the short term the major non‑proliferation mechanism must be political and in the long term the only mechanism is political. It is therefore instructive to understand the reasons why a few countries decided to make nuclear weapons and why many more decided not to do so even though they had the technical capability. I believe England and France made nuclear weapons for prestige and to be taken seriously by the USA. In this the USA was at fault, and continued to be at fault for some time, in only taking seriously these countries after they had a bomb. To a lesser extent this argument applies to India and Pakistan.

It is moderately obvious that a country is more secure if an unfriendly neighbor does NOT have nuclear weapons. South Africa has dismantled its few weapons, not wanting them to be controlled by the ANC. Brazil and Argentine, stimulated I am glad to say by the physical societies of both countries, realized that a bomb program no longer gave prestige and have abandoned their programs. It is vital for scientists to go out and talk to the potential proliferators, understand their concerns and try to address them. Instead our leaders often lecture to them from Washington12 or academia.

There is a natural way of accomplishing this as outlined below.

V.   IS NPT A SUCCESS?

The nuclear non‑proliferation treaty (NPT) is a bargain between weapons states and nonweapons states with both a carrot and a stick.(13)

The carrot to share nuclear technology, the stick to prevent weapons being ~ made. The carrot includes, for exa~nple, a special program funded by weapons states ($30 million per year) to help developing countries. Nuclear technology is not just nuclear power; it includes nuclear medicine, radioactive tracers in industry and so forth.‑ The transfer of these to developing countries involves little controversy especially since most small countries have found it cheaper to buy radioactive isotopes from overseas than to run the own small research reactor. Nuclear power assistance is less than 1/4 of the total but it is that which concerns us here and it in nuclear power that there has been criticism of the weapons states. I assume that environmental concerns of air pollution, global warming and sustainability will eventually bring a return to nuclear power, that an acceptance by the public will allow the cost to be reduced(14) and that the third world will ask our assistance. For example Iyengar(15) noted that "as long as nuclear non‑proliferation initiatives restrict their attention to the spread of nuclear materials and 'know‑how' from the 'haves' to the 'have note', without taking into account the needs fears and capabilities of the non‑nuclear states they are doomed to failure."

The USA and Japan are helping North Korea and Russia is helping Iran in nuclear power technology. I believe these can be very positive steps. Intelligent, knowledgeable nuclear scientists can mix in the respective societies. By keeping their eyes open they can be continuous unofficial inspectors. By giving help when asked they can increase the trust so essential to discourse between nations.(16) But we must watch the technical details. The excessive public concern about waste disposal must not prevent (as it has since 1975) USA and Russia bringing back spent fuel from power reactors for safe disposal. This would both obviate the need for developing countries to have disposal facilities of their own (a carrot) as well as keeping easily available plutonium out of their hands (the stick).

VI. CONCLUSION 

Non‑proliferation policy is for everyone.

The problem is not tefnporary; it is not easy. It will be with us till the end of the human race.(17) It is too important to be left to politicians. They may well subordinate it to other issues of shorter term.(18) It is even too important to leave to proliferation experts. The "carrot" part of NPT involves the sending of experts on nuclear issues to developing parts of the world. This can be used to try to understand their dreams and aspirations, and also to help these countries to meet these aspirations without nuclear weapons. However if the carrot is used reluctantly; if the experts talk to their opposite numbers with hesitation or without understanding, it can backfire. Those of us who have the privilege of visiting foreign countries for whatever reason have a duty to do our best in this task that is so important for the future of mankind. Each and every person in the nuclear industry ‑ manufacturer, operator or regulator must share in this task if and when he is sent overseas. It is our duty not only to the industry but to the human race.
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