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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spc- 
cific commercial product, process, or seMcc by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not neassarily state or 
reflect thosc of the United States Government or any agency thereof. 
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Abstract 

The use of environmental sampling is a major component of the improvements of International Atomic 
Energy Agency safeguards being carried out under Programme 93+2. Nonradioactive noble gas 
isotopic measurements in the effluent stream of large reprocessing facilities may provide useful con- 
firmatory information on the burnup and reactor type of the spent fuel undergoing reprocessing. We 
have taken and analyzed stack samples at an operating facility. The data show clear fission signals. 
We are currently applying a maximum-likelihood estimation procedure to determine the fuel burnup 
from these data. We anticipate that the general features involved in the stable noble gas problem- 
selection of appropriate signals, measurement of those signals under realistic conditions, and inverse 
calculation of parameters of interest from the environmental data-will be present in all environmental 
sampling problems. Our methods should therefore be widely applicable. 

Introduction 

As is well known, the International Atomic Energy Agency ( M A )  has been carrying out an across- 
the-board effort to improve the effectiveness and efficiency of its safeguards procedures under 
Programme 93+2.' The use of environmental sampling and analysis procedures at and around nuclear 
facilities has come to play a prominent role in this effort. Most of the research effort to date, however, 
has emphasized the development of new and improved experimental techniques to measure signals of 
interest in different matrices.* This emphasis is certainly merited; nevertheless, exploiting the full 
potential of environmental sampling for safeguards and transparency purposes will require the use of 
theoretical and statistical techniques to allow the LAEA to make quantitative statements based on 
environmental data regarding questions of safeguards interest. 

The sections that follow explore this point of view in more detail, using the example of nonradioactive 
noble gas measurements and analysis at reprocessing facilities. The discussion will necessarily be 
brief, but many details have been outlined el~ewhere.~ 

Stable Noble Gas Signals 

Elemental krypton and xenon are readily produced and contained within nuclear fuel during irradia- 
tion. Examination of the thermal fission yields of the krypton and xenon nuclides that are produced in 
the normal course' of fission reveals that the relative abundances of fission krypton and xenon are 
markedly different from the natural krypton and xenon isotopic abundances found in the atmosphere. 
The isotopic ratios are closely related to the fuel burnup and other details of the reactor and its operat- 
ing history. Furthermore, the chemical inertness of these elements implies that they are released as 
off-gases early on in reprocessing-mostly during the initial dissolution of the spent fuel-and that 
the relative isotopic abundances are undisturbed by reprocessing. Finally, nonradioactive isotopes are 
preferred because their inventories in spent fuel are independent of the cooling or storage time of the 
fuel. In most commercial operations, this time is on the order of months or years. 



In our particular example, two requirements must be met. The first requirement is a model relating the 
fission xenon inventories to burnup, Le., irradiation history. This model should take into account 
details of the reactor geometry, coollant, moderator, spatial neutron transport, and time dependent 
nuclide inventories. We have constructed such a coupled transpoddecay reactor model; it is in the 
process of validation. 

The second theoretical requirement needed is a means of quantitatively relating the model to the 
experimental data. We have chosen a maximum-likelihood method, which has the virtue of sim~!ta- 
neously providing interval estimates for the burnup and a measure of the goodness-of-fit of the theory 
to the data (the chi-square test). 

We have run many simulations using this general approach, which has been discussed in the litera- 
t ~ r e . ~  Unfortunately, our calculations on the above data are not yet ready for release. But we do 
expect to have them completed and checked soon. 

Conclusion 
Environmental measurements have the potential, if properly interpreted, to yield useful information on 
the activities of nuclear facilities. The IWA, along with many Member States, have taken the lead in 
researching and developing such measurements. Although experimental methods have been correctly 
emphasized, theoretical techniques are also required to render the data as useful as possible for safe- 
guards purposes. Monitoring of stable noble gas isotopics at reprocessing facilities provides an inter- 
esting example of environmental sampling methods in action and may prove to be useful in safeguards 
and transparency methods at these facilities. 
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