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The following, in summary form, is a description of the various schemes, calculations, data 
and data analysis performed relative to the above referend subcontract to Fort Lewis 
College. 

The overall focus of this work was an attempt to better understand the nature of self 
attenuating particles of SNM for the purpose of developing procedures for correcting for 
particle self attenuation relative to improving the quantitative nondestructive assay of these 
materials. 
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The first approach attempted assumed that particles are idealized to spherical or cubical 

shape and that the self attenuation from such particles could be characterized by known 

gamma ray energy dependent escape fraction expressions. The ?Pu gamma ray energies 

chosen for these investigations were those at 129, 203, 345, 414 and 451 Kev. In addition to 

the energy dependence of the escape fraction expression, through the mass attenuation 
b 

coefficient p(E), the fraction of gamma rays escaping is also a function of particle size. 

Particle size was parameterized in terms of the quantity pD, where p is the density of the 

material and D is the particle diameter. 

The model used for this investigation of escape fractions from several different gamma 

rays is a derivation of that which was proposed by J. Morel, et al. in a paper presented at the 

1987 INMM meeting in San Diego entitled "A Non-Destructive Method Based on Gamma 

Spectroscopy For the Measurement of Plutonium Hold-Up or Plutonium Waste". In essence 

this approach suggests fitting the natural logarithm of the individual results (escape fractions 

at various energies) against the reciprocal of the gamma ray energies, with the infinite energy 

intercept taken to be the true result. (Le., total mass of a sample being investigated). 

A brief numerical study involving single particles of various sizes indicated that this 

scheme could provide a correction that tends closer to "the truth" in some cases. With this 

in mind, a computational study at Fort Lewis College through this referenced contract was 

initiated. Composite escape fractions (for both spherical and cubic particle shapes) 

corresponding to different particle sizes and numerous perturbations of distributions among 



particle sizes were calculated. Particle size was characterized by the parameter pD for cases 

of two to seven particle sizes with pD ranges from 0.01 gm/cm2 to 30 gm/cm2. For each 

partkle size and corresponding assumed distribution, the composite escape fractions at the 

gamma energies chosen for 23% were least square fitted to the spherical (cubic) escape 

fraction function multiplied by a multiplicative constant [y = A*F(Z)] where 2 = pQpD 

and A is the infinite energy intercept. The pD and A values obtained from this fit are the 

"effective" p D  and measure of closeness to truth respectively for a given case. 

Approximately 300 individual cases were subjected to this procedure, both with and without 
C 

the 129 Kev peak included. Plots of each resulting curve for each case were produced and 

included as part of each data set. The results of this analysis were mixed. In some cases the 

analysis indicated that a significant correction toward "truth" was achieved and in other cases 

little or no correction was indicated. All data and results from this study have been delivered 

to Dr. Jack Parker of Group N-1 for further analysis and interpretation. 

The second procedure assumes that a heterogeneous sample can be characterized by 

some average particle size and a corresponding "effective" pD value. For this "effective" 

pD value, the spherical (cubic) escape fraction function F(Z) with Z = pQpD can be 

determined for the gamma energies corresponding to We assumed that F(Z) is a 

composite function of A,F(Z) where AiF(Z,) are the contributions to F(Z) from those 

particles having a distribution charac ted  by Z, = F(E)(PD)~. (pD)i values are chosen to 

be values that are smaller than and larger than (pD) "effective" covering a given range of 

particle size. (Le., if p D  "effective" is 3 in a range of 1 to 10 gm/cm2 than (pD)j might be 

chosen to have values of 2, 3 and 7 gm/cm2 for a three particle case. The function 
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F(Z) = AF(ZJ is than least square fitted with the goal of comparing C A ~  with 1, 

where again the value 1 corresponds to the total mass of in the sample. (i.e., A, is the 

fraction of the total mass of 23% of particle size (pD),.) The computational procedure was 

i=l i=l 

that, for a given pD "effective" and a given particle size range and distribution, to choose 

multiple sets of pD values such that the fitted values of Ai have a sum close to 1. Those sets 

of pD values that correspond to EAi = 1 would then most closely approximate the 

distribution of particles in the sample relative to particle size. 
b 

This procedure was applied to multiple cases involving 3, 4 and 5 particle sizes, 

covering multiple particle size ranges and numerous pertubations of sets of (pD), values for 

each case. These calculations generated hundreds of individual results. For each result of a 

given set of (pD)i satisfying the desired condition that E A i  = 1, individual plots of the 
R 
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A$(&) functions and a plot of 

data and resulting analysis has been delivered to Jack Parker at Group N-1 for further 

on the same plate were produced. All of this 
i l l  

interpretation. 

A final procedure almost identical to that just described was conducted where a more 

systematic method of choosing sets of (pD1 values was employed. @D)i sets were obtained 

by dividing and multiplying pD "effective" values by a constant and then completing the 

above described calculation. Numerous pertubations of this type were completed for 3, 4 

and 5 particle cases. Plots for all cases satisfying the above stated criteria were completed 

and included in the total data analysis package delivered to Dr. Parker. 

In summary, the required work of this sub-contract has been completed with all relevant 



data and results transmitted to the contract liaison at Group N-1. Although the conclusions 

from this computational study do not present an over-all solution to the corrections necessary 

for the successful NDA measurement of materials containing self attenuating particles of 

material, they add to a better understanding of the complexity of the problem and contribute 

to this body of knowledge in such a manner as to suggest other appropriate methods of 

investigation. 


