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This paper discusses the use of laser isotope separation techniques for the purpose of nuclear
proliferation by a Non-Nuclear Weapons State (NNWS) that is a signatory of the Non-
Proliferation Treaty (NPT) and is subject to inspections by the IAEA. It includes an analysis of
the feasibility of the technique by a NNWS, what conditions are necessary for success, what
would be required for either the use of the technique as a covert enrichment method or its use as a
non-declared adjunct to a declared enrichment facility, and what signs might be available for the
detection of such activity.

The Atomic Vapor Laser Isotope Separation (AVLIS) technology, developed by LLNL from
1973 through 1999, is used as a concrete example to allow more determination of the questions
of feasibility, requirements, and signatures, as this technology has been further developed than
others, and has been documented extensively.

The question of feasibility of the technique for the enrichment of significant quantities of
uranium or plutonium to produce weapons-grade materials is investigated by decomposing the
development necessary for the technique into steps that can be analyzed for requirements, both in
expertise, equipment, and scientific knowledge. The paper concludes that the technique is usable
for proliferation, although with difficulty, by some nations during the next two decades.

The technique may be developed in a completely covert method, with no declarations and no
public indication that it is under research and development, or alternatively, some admissions
may be made to allow or promote exchange of information. The technique can be disclosed as a
research and development technology for the separation of non-radioactive isotopes, for the
separation of radioactive isotopes including those in commercial use for medical or industrial
purposes, or as part of a nuclear fuel cycle. The ability to translate development work from the
first two of these to a system usable for either uranium or plutonium is discussed, as is the
diversion of a system built for low enriched uranium production to weapons grade HEU
production, either by reuse or by the addition of re-enrichment of fuel.

All of these are feasible options, and the cost and requirements of each are not greatly different,
so that the choice of the level of disclosure by a NNWS would be a political one, rather than
technical or economic.

One attractive pathway for an NNWS to proliferate would be the development of LIS technology
for kilogram-scale production of purified isotopes useful commercially, such as Li6. This allows
for the development of the components of the technology using open interaction within the
scientific community. Use of the developed technology to separate radioactive isotopes of
various elements in milligram quantities would provide for the development of technology for the
handling of radioactive materials[l,2]. This would provide the technology necessary, such as
materials able to withstand the corrosive effects of spent fuel and for developing procedures for
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loading and unloading the housings and for cleaning and maintenance, and other necessary
techniques dealing with highly radioactive materials. In this manner the two developmental tasks,
radioactive material handling methods, and production of the requisite lasers with adequate line
width, stability and power, can be decoupled, and done in separate places, or even in separate
facilities. They could be combined only in the covert facility. As noted elsewhere[3],
deconcentrating the scientific or technical tasks that are precursors to the construction of an
undeclared facility allows the NNWS to take maximum advantage of scientific interchange and to
minimize the requirements for covert activity, including the number of people involved, the size
of the facility, and, most importantly, the length of time for the critical and vulnerable stage of
development from start of the undeclared activities to the production of the first detonable
devices.

There are most likely other ways of minimizing the detectability of the development of a LIS-
based uranium or plutonium enrichment facility by deconcentrating along different lines. This
has the tradeoff of enhancing suspicions on the part of any party investigating the possibility of
nuclear proliferation activity while diminishing the possibility of obtaining any solid, non-
circumstantial proof that undeclared activity exists. It implies that facility inspections, either
announced or unannounced, will be hardly adequate to locate such activity unless they are
preceded by substantial investigative work. This preliminary work might go beyond the creation
of an extensive database of available information [4] involve detecting the interchange of
scientific or technical personnel between the declared and the undeclared facility, by determining
if there is a parallel supply chain for scientific or technical equipment, by looking for signs of
preparation for radiation work, and by establishing reliable sources of personal intelligence.

1 Committee on Separations Technology and Transmutation Systems, Nuclear Wastes: Technologies for Separations
and Transmutations. National Academy Press, Washington, DC, 1996, p450.
2 Pigford, TH & Choi, JS, "Inventory Reduction Factors for Actinide-Burning Liquid Metal Reactors", Transactions
of American Nuclear Society, 64, pl23, 1991.
3 Erickson, SA, "Economic and Technological Trends in Nuclear Proliferation", Nonproliferation Review, Summer
2001 (in press).
4 Killinger, MH, "Improving IAEA Safeguards through Enhanced Information Analysis", Nonproliferation Review,
Fall 1995.

145


