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I. Introduction 

This paper addresses the What, When, How, Who, and Why  of “proliferation issues that  technology can address”.  Although this is a broad issue, it is only a piece of the puzzle. 

So to put it into context and to permit a more clear assessment of its merit, the judgments which underline this presentation follow:  


•  Although the focus is exclusively on commercial nuclear power, military –related world-wide nuclear activities present the greatest risks of proliferation and should be given the higher priority .


•  Technological contributions to non-proliferation design in nuclear power are necessary , but not sufficient.  Institutional issues such as security, materials accountability,  surveillance, compliance, international agreements, and the role of the IAEA are of overall greater importance although there are key technical contributions that can be made to some of these institutional issues. 


•  The primary purpose in pursuing new technical proliferation-resistant  initiatives in nuclear power is to make actual the tremendous potential energy resources in uranium and thorium ores. 


•  Proliferation-resistant systems development and design is meaningless if restricted only to a national level.


•  Economic considerations play an important role in planning and implementing the R&D and deployment of proliferation resistant systems.


•  U.S. goals for international safety, environmental protection, and non-proliferation are basically sound but gaining the international consensus to achieve them requires the U.S. to hold true to the quid-pro-quo established by the Nuclear Proliferation Treaty between proliferation control and sharing the technology of peaceful uses of nuclear energy.

II. 
What Proliferation Issues Can Technology Address? 

A. Standards

Standards, or perhaps  “safety principles’ analogous to those formulated by IAEA’s INSAG (International Nuclear Safety Advisory Group) for reactor safety(1), are needed to answer the basic question: what is an adequate level of proliferation resistance?  Given an answer to this question in the context of the governing institutional controls, most options to extract the potential energy from uranium and thorium can be designed to meet such standards. The difference will be in the price that will have to be paid to meet them.  

A good starting point is “to put some meat on the bones” of the Spent Fuel Standard”(2), a practical means of identifying the risk level to which excess weapons  plutonium should be reduced.  Underlying this practical statement are a series of technical barriers to proliferation: size and weight, radioactivity, isotopic content, and the need for chemical or isotopic separation.   These features should be quantified in a form to be applicable to a variety of the candidate design options.  Mike Golay will be addressing this, and related issues, in the next presentation on “Attributes and Metrics for Proliferation Resistance”.

Additional technical contributions can come from improved  definition of existing IAEA standards  covering the management of fissionable materials.  For example, INFCIRC 225 which supports the Convention on Physical Protection of Nuclear Material, would be improved by defining  rule- or performance-based standards that apply  to operating and storage facilities as well as international transport. 

B. Evaluation of Alternative Pathways to Proliferation

To establish standards for adequate proliferation resistance, an assessment should be included of the alternate pathways to proliferation to assure that there is no “weak link” in the chain of protective measures.  A weak link will become the preferred pathway to proliferation, making wasteful the efforts to strengthen the other pathways. The record to date shows, in fact, that commercial nuclear power plants have not been a preferred pathway to date. 

Here too, there is an analogy in reactor safety: the reactor “safety goal” established by the U.S. Nuclear Regulatory Commission and later incorporated in the IAEA “Reactor Safety Principles”.  The quantitative definition of this safety goal was derived by comparison with the safety of other heavy industrial enterprises.  A “proliferation resistance goal”  might similarly be derived from evaluation of the achievable level of resistance in other pathways to proliferation.

Some will argue that, although the Spent Fuel Standard is a welcome reduced level of risk for excess weapons plutonium, it still is not sufficiently proliferation resistant.  This argument can be partially addressed by a technical assessment of practical measures that can improve the proliferation resistance of spent fuel.  But the value of such improvement would have to be measured against alternate pathways through which equivalent fissionable material can be obtained.

C. Materials Protection, Control and Accountability 

With the revolution in digital and telecommunication technologies, there are major opportunities for technical improvements in materials protection, control, and accountability (MPC&A).  These technologies can provide the IAEA with meaningful “transparency” of world-wide commercial fissionable materials.  Just a few among many examples are:  advanced electronic surveillance equipment, real-time  inventory accountancy, environmental isotopic sampling, high volume and accuracy sample analysis processes, sensitive materials and equipment procurement monitoring, integrated video-smart sensors systems, extensive electronic networks reporting on relevant nuclear activities and related intelligence information, and improved accuracy in measuring operational inventories.  Technical contributions could also make the MP&C task easier by helping to develop  concepts of co-location and regional plutonium and spent storage facilities. 

D. Proliferation-Resistant Design

The most direct technical contributions can be made through innovative design features which increase proliferation-resistance.  Design considerations should encompass entire system concepts, not just individual parts of the system. The sodium-cooled Integral Fast Reactor (IFR), developed by Argonne National Laboratory, is an excellent example of an innovative system concept in which power production, fuel reprocessing, and MOX fabrication are all co-located so as to minimize transportation requirements, particularly of plutonium in dispersed form.  

In fact, the IFR is the only real effort, aside from studies, to develop innovative technical features to increase proliferation resistance that has been undertaken since 1974 when India surprised the world with its first nuclear explosives test and greatly increased the concern about nuclear proliferation.  The International Nuclear Fuel Cycle Evaluation (INFCE) was the only serious attempt to even study the potential of technological innovations to increase proliferation resistance in nuclear power systems. 66 nations and 5 intergovernmental organizations participated and a massive report was completed in 1980 with many proposals for improvement.  But, there was no consensus reached on non-proliferation standards and, except for the IFR, there has been essentially no follow up on those proposals.

A good reference base from which to identify promising new technical innovations is the INFCE report.  These potential efforts would supplement development of such innovative approaches as the IFR in liquid metal technology and direct cycle versions of the high temperature gas-cooled reactor.  Some examples are “spiking” MOX fuel in process with radioactive materials to prevent diversion, and designs that prevent changes in reprocessing chemistry or equipment that could increase plutonium enrichment.  A “CIVEX” closed cycle reprocessing and re-fabrication concept was also proposed which incorporated most of the above individual features.  INFCE fostered the development and utilization of international facilities for the storage of plutonium and regional fuel cycle centers, which would require substantial technical input to realize.

In preparing for the launch of the DOE Nuclear Energy Research Initiative (NERI), a workshop was held to assist DOE in developing a new direction for nuclear energy R&D for the next decade.   A report(3) of the workshop was issued which included the following  suggestions for R&D in proliferation resistant technologies:

•  ultra-long lived fuel---high conversion reactors with 10 year or more lifetimes that gain the preponderant energy value of recycled Pu without traditional reprocessing; 

•  utilization of thorium cycle in LWR systems with seed-blanket cores; Pu burners using non-fertile Pu alloy fuel;

•  Pu recycle in the longer term in advanced light water reactors; 

•  accelerator-driven Pu burners which would reduce the residual Pu in commercial systems by burning it in a subcritical core sustained by an accelerator neutron source; 

•  pyro-metallurgical reprocessing which recycles the transuranics, increasing proliferation resistance and reducing the waste disposal burden; 

 •  dry chemical reprocessing to reduce the volume of wastes; 

•  recycling without reprocessing which recycles the spent fuel pellets without extracting the fission products, maintaining the radiation barrier throughout the process; 

•  small, long-lived and high conversion lead-bismuth reactor without recycle;

•  basic materials science, including R&D on new material  as well as on conventional material and on the irradiation behavior of these materials; 

•  international monitored retrievable spent fuel storage 

To provide a basis for prioritizing among these many technical opportunities, a “clean-slate” evaluation should be carried out of the technical opportunities to improve proliferation resistance.   The NERI Workshop recommended such a step:

“To better identify the critical knowledge gaps and potentially fruitful technical responses, a cross-cutting evaluation is needed from a “clean slate”, utilizing all the knowledge gained over the past several decades on the technical characteristics  of recycling systems as well as the experience in monitoring and controlling fissionable materials, but not being bound by the designs and facilities to date.  The evaluation would cover: reactor and fuel design, fuel cycle alternatives, reprocessing technology, material protection, control, and accountability technology, and design for high level waste management.” Such an integrated approach is in keeping with the call of Senator Domenici for a “New Paradigm for Nuclear Energy”(4).

III.
When Can the Technology be Applied?

To be realistic, except for evolutionary improvements in standards and MPC&A, the innovative technical contributions enumerated above can not be practically applied until they become elements of the deployment of systems to extract the full potential energy from uranium and thorium.  That will be a long time from now, probably in the mid next century time frame.  An effort to introduce these innovations into the present commercial industry will be counterproductive since it would impose an unacceptable incremental investment expense on facilities that are serving a limited market with little growth prospects.  Some of the concepts, in fact, are completely incompatible with the existing facilities.  

Further, these facilities are in the hands of  competent and responsible organizations in Western Europe and Japan and do not pose a serious  proliferation threat.  Trying to impose such changes will not only be resisted by these organizations but will serve to drive them away from cooperation on R&D for future systems, losing much of the know-how that would make such R&D fruitful.

The expectation that innovative technology will not be applied until a deployment decades in the future is not all bad news, since many years of R&D are needed  before serious consideration can be given to applying them in deployment. Thus, although the application “when?” is decades ahead, the R&D “when?” is now. 

IV.
How Can the Technology Be Developed?

The very purpose of  technological development to increase proliferation resistance requires that it be a cooperative international effort.  International consensus is needed in the standards and metrics, the MPC&A provisions, and in the goal set for adequate proliferation resistance.

Unfortunately, the U.S. has drifted away from cooperation and toward a unilateral approach in this field. The U.S. often had to take unilateral action to deter non-weapons states from nuclear weapons development.  But, concern over the potential for nuclear weapons proliferation through the commercial recycle of nuclear fuel led to the passage of the Non-Proliferation Act of 1978 which unilaterally put restrictions on the use of U.S. origin nuclear fuel by international nuclear utilities. In parallel, the international market in nuclear power declined sharply, causing a reduction in international commercial technology exchange.  The present Administration has adopted a policy that commercial recycle of nuclear fuel should not be pursued in the U.S. although the U.S. will not obstruct such activities by its allies.  Essentially all R&D to convert the potential energy in uranium and thorium was dropped by the U.S. government.

The present perception held by many countries is that the present U.S. policy, although allowing plutonium recycle activities by its allies, fosters an effort to eliminate nuclear fuel recycle throughout the world.  As a result, there is little dialogue or cooperation from overseas on improving proliferation resistance in commercial recycle.  The U.S. policy should be amended to state that (a) long term energy needs, air pollution, and global warming considerations require the prudent development of high conversion nuclear fuel systems and (b) the U.S. is willing to cooperate with other nuclear power countries in their development along with the determination of international standards and institutional mechanisms which will assure that diversion to nuclear weapons use will not result from commercial deployment.  Without such involvement, it is hard to see how the U.S. can realize its non-proliferation policy objectives in future nuclear power plant deployment. 

V.
Who Should Pursue This Technology?

Government leadership and funding is required to pursue this technology effectively.  The several decade time frame before deployment will begin and the uncertainty in  the timing and growth rate of that future market makes it impractical for the private sector to invest substantial funds in R&D at this time.  International safety, environmental protection, and proliferation resistance are key government regulatory responsibilities and depend vitally for their implementation on international governmental institutions and accompanying international governmental agreements.   
In view of the importance of international cooperation, international cost-sharing is also essential.   Initially, the level of expenditure will be low since the work would focus on a “clean slate” evaluation and in developing a consensus on proliferation resistance goals and metrics.  DOE’s NERI program can be a modest source of U.S. cost sharing of the initial effort.  Some individual developments, particularly in the MP&C area, are already being funded by the U.S. and through the IAEA.  Following these initial activities, funding requirements will grow substantially if meaningful results are to be obtained. 

The international industry should assert a complimentary technical leadership role(5) to help establish the direction of the technical effort and to assure cost effective technical approaches.  In particular, if the U.S. government were to adopt the revised policy  approach recommended above and re-institute the related R&D activities, industry would have a strong stimulus to adopt an complimentary leadership role.

VI.
Why a Technological Effort on Proliferation Resistance? 
The long term global energy demand, the concerns about air pollution and global warming, and the potential of high conversion nuclear fuel systems to open up a vast untapped source of nuclear fuel over the next century call for a more effective U.S. policy in this area. 

Recent projections confirm that, if the potential energy in uranium can be made actual by transmutation to plutonium, the nuclear fuel resource base is three times larger  than the total fossil resource base and extends the effective life of uranium supplies fifty-fold. A further several-fold incremental increase in the nuclear fuel resource base could be achieved by transmuting thorium to uranium 233.  Nor has the need subsided for a nuclear power contribution to the massive requirements for future world electricity production.  

Under high and low growth scenarios, electricity is expected to become the principal end-use energy, growing from 30% to 60% of primary energy.  New electric generation.  capacity requirements could reach 10,000 Gwe by 2050, requiring 1000 Mwe of new capacity on the average of every 4 days to meet the increased demand and replace existing stock (6) . There is grave doubt that such demand can be met without the expansion of nuclear power capacity and nuclear fuel resources.  As a minimum, it is prudent to have such an option available in a safe, environmentally acceptable, and proliferation resistant form.

If that option is to be deployed meaningfully, many nations, facilities, and people will be involved, requiring a highly dependable global nuclear materials management regime.  This brief review gives but a sampling of the potential technical contributions that can be made in constructing that regime.  That technical effort is complex and substantial and should start now.
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