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ABSTRACT

The shape-measurement technique proposed by Russian scientists for mutual
reciprocal inspections (MRI) of plu;oni~m-from dkmantled nuclear weapons has
been applied to a US weapon component. Measurement procedures are described.
Results of the measurements are “self-normalized” to remove any classified
information and fiu-ther renormalized to results of previous joint US/Russian
measurements of an unclassified plutonium piece. Data are presented in tabular and
graphical form, conforming to the method of presentation recommended by Russian
experts during the previous measurements.

I. INTRODUCTION

In November 1996, United States and Russian scientists participated in joint measurements at
the Lawrence Livermore National Laboratory (LLNL) to assess methods for determining the
“shape” of plutonium pieces within storage containers. Shape measurements have been discussed
by the two countries as part of a measurement suite for mutual reciprocal inspections (MRI)12 of
plutonium removed from dismantled nuclear weapons, in accordance with the O’Leary-Mikhailov
joint statement of March 19943 that established the two countries’ intentions of performin~ MRI.
According to the joint document produced by Russian and US participants in the meeting, the
objective of the LLNL measurements was

to conduct and discuss the two [shape] measurement techniques ...and to accurately
represent the measurements in graphical form .... It was not the objective of the
November meeting to reach a decision on whether shape or both shape and size
were necessary ....

That document went onto state:

The technical experts agreed to conduct thorough and detailed internal analysis of
the results of this report and, if appropriate, exchange the results of that analysis ....
Having conducted the procedures ...the sides will be able to compare the
experimental data with actual signatures of the weapon components and will put the
sides in a much better position to evaluate what measurements are necessary to
confii that Pn in a sealed container comes from a dismantled nuclear weapon.





As the neutron count rates at a given location, with a detector of known efficiency, are
classified Coni3dential/Restricted Data, it is impossible to give the rates here. Therefore the rates
were “sanitized” through self-normalization, that is, division by the average of the rates obtained at
all 24 measurement positions. This procedure was also used for self-normalization of the data
obtained at the November 1996 LLNL experiments.

III. RESULTS AND ANALYSIS

The self-normalized rates are presented in tabular form in Table I and graphically in Figure 2.
The point at Odegrees represents the normalized rate obtained when the detector was facing the
bottom of the AL-R8 container, and the point at 180 degrees represents the normalized rate
obtained when the detector faced the top of the container.

It is of interest to analyze these results using the procedures developed during the November
experiments. At the suggestion of the Russian participants, data were obtained in November on
the symmetrical “sphere” of l%’ and self-normalized. The self-normalized data from the sphere
(listed in Table II) were then divided into the self-normalized data on the pit to “renormalize” the
data. The purpose is to account for container effects, which might affect the neutron leakage from
the {Pu+AL-R8} ensemble in unpredictable ways but might be presumed to be about the same, all
else equal, for all spherically symmetrical plutonium objects. This procedure was also used in the
generation of the results presented in Ref. 4.

Table I: Self-normalized data for the pit.

I 15 I 0.749 I

30 0.719

45 0.844

60 0.958

75 1.022

90 0.967

I 105 I 1.008 I

I 120 I 0.926 I

Angle Relative
(degrees) count rate

I 180 ] 1.193 I

I 240 I 1.009 I

I 270 I 1.109 I

*The ‘sphere’ was not completely spherically symmetric, but had a small indentation on one sidq for the
normalization measurements, the sphere was positioned so that this indentation was aligned along the axis of
rotation, so that the distribution of plutonium, and therefore presumably of neutrons escaping the plutonium, was at
least cylindrically symmetric about this axis.
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Fig. 2. Rose plot of selj--normalized
(relative) neutron count rates from
the weapon component.

180°

Table II: Self-normalized data for the reference Pu “sphere:’ obtained during the November
measurements.

Angle Relative
(degrees) count rate

o 1.148

15 1.089

30 0.818

I 45 I 0.837 I

60 0.951

75 1.064

90 1.047

105 1.040

Angle Relative
(degrees) count rate

180 1.152

195 1.123

210 0.920

225 0.951

I 240 I 0.970 I

R=RH
I 120 I 0.920 I I 300 I 0.872 I

I 135 I 0.893 I

I 150 I 1.004 I I 330 I 0.869 I

I 165 I 1.184 I I 345 I 1.110 I

1996
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Results of the renormalization are presented in tabular form in Table III and graphical form in
Fig. 3. The same format is used in Fig. 3 as in the plots in Ref. 4, i.e., the R-axis values range
from 0.6 to 1.2 regardless of the actual values of the renormalized data. This presentation format
was chosen to expedite comparison of the present results with those from the November 1996
measurements, an example of which is included here as Fig. 4.

Table III: Renormalized data for the pit.

I Angle I Relative

I 195 I 1.124 I

I 30 I 0.878 I I 210 I 1.264 I

45 1.009

60 1.007 H--l-+H
I 75 I 0.961 I I 255 I 0.990 I

I 90 I 0.924 I I 270 I 1.052 I

H#H
I 150 I 1.060 I I 330 I 0.843 I

I 165 ] 1.004 I I 345 I 0.763 I

i 20° 90°

180°

,,

Fig. 3. Rose plot of the self-normalized count rates after renormalization to the plutonium sphere
data obtained during the November 1996 LLNL measurements.
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