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Abstract 

The unrecognized oxidation of plutonium in "sealed" canisters poses a unique problem for 
both material control and accountability. A feasibility study was performed to address the 
use of randomly pulsed neutron measurements with 252Cf to determine if plutonium metal 
in a canister has oxidized without opening the container. The Monte Carlo code MCNP- 
DSP was used to determine if time-of-flight transmission measurements could be used to 
determine oxidation of plutonium in "sealed" cans. In the Monte Carlo models, a 
plutonium button in a can was positioned between a 252Cf source and a scintillation 
detector, and the time distribution of counts after 252Cf fission in the detector was 
calculated. The time distribution of counts after 32Cf fission differs between plutonium 
metal and plutonium oxide because resonances in oxygen will affect transmission of 
certain energy neutrons from 252Cf. The measurements are practical and could be 
performed with small "2Cf sources in ionization chambers. This method could be used to 
determine the presence of other materials that react with plutonium in "sealed" cans. 

Introduction 

The unrecognized oxidation of plutonium in cans poses an interesting problem for material 
control and accountability. Non-destructive assay (NDA) measurements can be applied to 
determine if the plutonium in a can has oxidized and using calibration standards could 
potentially be used to determine the degree of oxidation. This paper addresses the use of 
randomly pulsed neutron measurements with Cf as a means to detect the oxidation of 
plutonium metal in cans. Calculations were performed using the MCNP-DSP213 Monte 
Carlo code to analyze the use of this measurement method. The development of the 
MCNP-DSP code allows for direct calculation of randomly pulsed neutron measurements 
using realistic representations of scintillator detectors. 
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A brief discussion of randomly pulsed neutron measurements and description of the 
MCNP-DSP Monte Carlo program is provided in this paper. This paper also provides a 
description of the Monte Carlo models and the results of the simulations. The summary 
presents the conclusions of this study. 
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Randomly Pulsed Neutron Measurements 

i 

Mihalczo first performed randomly pulsed neutron measurements with 252Cf in 1968 to 
determine the prompt neutron decay constant for fssile materials.' This measurement 
consists of a 252Cf source in an ionization chamber that is used to induce fssion in the 
fBsile m a t e d  A detector is used to measure the subsequent emission of neutrons and/or 
gamma rays from the fssile material. The source in an ionization chamber provides a time 
mark for the spontaneous fssion of 252Cf by detecting the fssion products produced from 
the spontaneous fssion of 252Cf. The "2Cf-source signal after being passed through a 
discriminator is sent to one channel in the Nwls processor and the detector signal after 
being passed through a discriminator is used to another NWIS processor channeL The 
NWIS processor obtains the source-detector correlation that is equivalent to the randomly 
pulsed neutron measurement and the exponential die away measurement. 

The correlated counts after ='Cf fssion is directly related to the number of induced 
fissions in the fssile material. The induced fssion rate in these systems is small because of 
the geometry of the plutonium materials. The correlated counts after 252Cf fssion is not 
only affected by the density changes between plutonium metal and plutonium oxide, but 
will also be affected by resonance structure in the oxygen cross sections in the energy 
range between 0.5 and 5 MeV. The total cross section for l60 is given in Fig. l.4 There 
are several resonances between 1 and 2 MeV and an anti-resonance at 2.35 MeV. There 
are additional resonances at energies greater than 3 MeV. The effects of these resonances 
can be observed by selecting the spacing between the source and the detector to increase 
the energy resolution of the measurement. 

Figure 1. Total Microscopic 
Cross-section for I6o 

MCNP-DSP 

-. - - _- I - _ _  MCNP-DSP is .an analog Monte~Cado~code~d~veloped..from-.MCNP4a~~~-that-calculates.- 
source driven time and frequency analysis measurements. The DSP extension indicates 

MCNP is a trademark of the Regents of the University of California, Los Alamos National Laboratory. 
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that the modification implements digital Signal Qrocessing algorithms to estimate 
parameters from source driven measurements. In MCNP-DSP, average quantities like J , 
the average number of neutrons from fssion. have been removed and replaced with the 
appropriate probability distributions because average quantities reduce the statistical 
fluctuation in the fission chain populations. 

The MCNP-DSP calculation essentially follows the natural chain of events in a source 
driven measurement. Source particle histories are initiated by "2Cf fssion, and these 
particles and their progeny are tracked to their extinction by absorption or escape. The 
time of particles' interactions with the detectors are followed to produce time-dependent 
detector responses. These time-dependent detector response can be counts in the detector 
after the source event (pulsed neutron measurements), counts in the detector after a 
previous count in the detector (single-detector Rossi-a measurements), or counts in a 
detector after a count in another detector (two-detector Rossi-a measurements). 

Description of Models 

The Monte Carlo models developed for this study consisted of a plutonium metal button 
and a plutonium oxide cylinder that was contained within a steel can that was wrapped in a 
plastic bag and placed in a larger steel can. The inner steel can had a 98-mm OD and a 63- 
mm height. The steel thickness was approximately 0.1 mm. The plastic bag surrounded the 
inner steel can and was approximately 0.1 mm thick. The outer steel can had a 109-mm 
OD and a 125-mm height with a thickness of 0.2 mm. In the model, the source was placed 
250 mm below the bottom of the outer steel can and the detector was positioned 250 mm 
above the bottom of the steel can. The location of the detector is shown in Fig. 2. 
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Figure 2. Monte Carlo Model of Pulsed 
Neutron Measurement with Plutonium Button 

The plutonium metal casting had a 2.2-kg mass. The bottom of the button had a 55-mm 
diameter and the top of the button had a 97-mm diameter. The button was 25-mm thick. 
In the models for the plutonium metal button, the plutonium metal density was 19.6 g/cm3 
and was comprised of 93.6 wt% L39Pu and 6.4 wt% "'Pu. The density of the plutonium 
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oxide was 11.46 gcm3 and was also comprised of 93.6 wt% ugPu and 6.4 wt% 240Pu. The 
volume occupied by the plutonium oxide in the can was determined by requiring the 
number of plutonium atoms to remain constant. 

The detector used in the models was a 114.3-mm diameter, 50.8-mm long plastic 
scintillator contained within an aluminum housing. The neutron detection threshold was 
set at 0.5 MeV. Approximately 3 billion 252Cf fssions were simulated for both the 
plutonium metal and oxide calculations. 

Results of Analysis 

The results of the calculations of the correlated counts after 252Cf fission are shown in Fig. 
3 for the plutonium metal button and the cylinder of plutonium oxide that occupies the 
inner steel can. The resonance at 1 MeV affects the correlated counts in the region of 36 
to 39 ns. The resonance around 1.315 MeV affects the correlated counts in the region of 
31 to 32 ns. Resonances in the region from 1.65 to 1.91 MeV slightly affect the correlated 
counts in the region of 26 to 28 ns. The resonances in the 3 MeV region significantly 
affect the correlated counts from 18.5 to 20.5 ns. The ratio of the correlated counts after 
252Cf fssion for plutonium metal to that for plutonium oxide is shown in Fig. 4. The ratio 
of correlated counts iS almost a factor of 2 36 to 39 ns. These simulations were not 
performed to identify particular resonances in oxygen but to distinguish oxidized 
plutonium from plutonium metal in sealed containers. The differences in the correlated 
counts after 252Cf fssion for plutonium metal and plutonium oxide can be further enhanced 
by spacing the source and detector farther apart and by collimating the source. 

Summary 

This analysis has shown that randomly pulsed neutron measurements using a z2Cf in an 
ionization chamber can be used to distinguish plutonium metal from plutonium oxide. The 
resonances in oxygen greater than 1 MeV and less than 4 MeV significantly impact the 
correlated counts per 252Cf fssion for the source-detector separation in this simulation. 
The anti-resonance in oxygen at 2.35 MeV also impacts the correlated counts after 252Cf 
fssion. The difference between the signatures for plutonium metal and plutonium oxide 
could be further enhanced by separating the source and detector farther apart and by 
collimating the source. A randomly pulsed neutron measurement could be performed in 
less than 10 minutes using the above described source-detector configuration with a 51.18 
252Cf source. This measurement time could be reduced by adjusting the source and 
detector placement and by collimating the source. This measurement could be used to 
determine oxidation levels of 20% for a 10-minute measurement. Smaller oxidation levels 
could be detected by measuring longer. The variation in the transmission by hydration of 
plutonium could also be detected and may be used to characterize the hydration process. 



References 

1. J. T. Mihalczo, ‘The Use of Californium-252 as a Randomly Pulsed Neutron Source for 
Prompt Neutron Decay Measurements,” Nucl. Sci. Eng., 41,296 (1970). 

2. T. E. Valentine and J. T. Mihalczo, ;‘MNCP-DSP: A Neutron and Gamma Ray Monte Carlo 
Calculation of Source-Driven Noise-Measured Parameters,” Ann of NucL Eng., 23,16,1271 
(1996). 

3. T. E. Valentine and J. T. Mihalczo, ‘Validation of the Monte Carlo Code MCNP-DSP,” to 
be published in Ann. of Nucl. Eng. (1996). 

4. Rose, P. F., “ENDF-201, ENDF/B-VI Summary Do~umentation,’~ BNL-17541, 
Brookhaven National Laboratory, 199 1. 

5. J.F. Briesmeister, Ed., MCNP- A general Monte Carlo N-particle transport code, 
version 4A, LA-12625-M7 Los Alamos National Laboratory, 1993. 



0.000006 

10 15 20 25 30 35 40 45 50 

Time (ns) 

Figure 3. Correlated Counts after 252Cf Fission for Plutonium Metal and Oxide 
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Figure 4. Ratio of Correlated Counts after 52Cf Fission for Plutonium Metal to that 
for Plutonium Oxide 


