
.,. 
\ 

• 

.. 

.. 

, 

Arthur B. Chilton 
University ot:flllnols 

This brief note Is a supplement to the summary which appears In the 
ANS Trans. 6, No. ·1, p. 200. It is a further progress report on rese.arch In 
progress, and does not necessarily present final conclusive results. 

Using the differential dose albedo formula devised by Chilton and 
Huddleston, it Is possible to map the field from a radioactive point source near 
a concrete-air interface, for those conditions In which the distances involved are 
larger than a mean-free-path In concrete but substantially smaller than a mean­
free-path in air. Since ratios of scattered to direct dose rates are independent 
of geometric scale, it is possible to put a great deal of information on a 
single chart. 

The accuracy of results will depend upon (1) the degree of approximation 
inherent In the Chilton-Huddleston formulation, (2) the accuracy with which the 
parameters in the C-H formula are obtained from Raso's Monte Carlo results (or 
any other results to which it might be fitted), (3) the accuracy of the Honte Carlo 
computation. Once the parameters for the albedo formula are selected, the 
subsequent computation of reflection factors can be carried out to any desired 
degree of accuracy. Computational errors are kept to substantially less than 

~~percent of the resulting output values, It Is believed. ~~ 

A comment on the albedo concept and nomenclature: The C-H formula Is 
for differential dose albedo, based on parallel beam incident on a concrete 
plane with angle from normal 90 , and considering the radiation emerging per unit 
surface area in a direction expressed by angle 9 from the normal and by an 
azimuthal angle t. Rockwell calls this differential factor R, and Raso calls 
'it cxd· The total albedo, or simply "the albedo", Is given by 

J ad em 
2n 

It describes a flow through the surface and is therefore a ratio based o~ 
currents. If one multiplies the differential albedo by the ratio of the cosines 
of the pol.ar angles, one may. integrate to get a ratio of dose rates fra. the 
emergent and the Incident radiation based on flux: 

cos 9 
0 

cos 9 °d em 

Some workers (Raso, for example) do not consider this latter type of ratio to 
be within the definition of albedo; but others (such as Leimdorfer) seem to be 
willing to use the term flux albedo for this ratio and to use current albedo 
for the former. In reporting my work, I have been willing to use the terms 
"albedo based on current" or ualbedo based on flux" for these two Integral concepts. 
The term "reflection factor", which I use most often, Is a ratio of reflected dose 
to Incident dose. The Incident dose may come from a point source, a broad 
parallel beam source, or .any other source which must be designated in each case. 
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For the broad parallel beam case, the terms 11dose reflection factor" and 
11dose albedo based on flux11 are completely equivalent. 

Results obtained thus far are contained In the attached illustrations. 
The first one indicates results obtained for the horizontal orientati~of 
source-to-detector line, as compared with experimental work of Clarke and Batter. 
The two upper curves used C-H formula parameters fitted to Individual Honte 
Carlo values for differential albedo obtained by Raso. The terms ''Neighted11 

and 11non-welghted11 refer to the variation In least-squares technique for 
obtaining the values of parameters (see Chilton and ~uddleston article on 
Gamma Ray Albedo on Concrete, to be published inNS&~ The results seem well 

.within experimental error. · 

Unfortunately, calculations of totol albedos using either the weighted 
or non-weighted set of para~ters give values generally (and In some cases, 
substantially) greater than the Honte Carlo results for total albedo quoted 
or obtainable from Aaso's own calculations, as well as other available information. 
See the second figure for demonstration of this for the energy 1.25 HeV. An 
additional set of parameters was therefore obtained by getting a 11best fit 11 to 
total flux albedo rather than differential data. Unfortunately, as shown by the 
first figure, this doesn 1 t fit the Clarke-Batter data quite so well, under­
estimating It consistently by 15-20%. Further work Is needed, both experimental 
and theoretical, to improve this situation. 

Subsequent figures are iargely results obtained using the University 
of Illinois IBH-7090 computer ~su+ts for the point-source-to-detector ~ 
situation. The figures for the horizontal orientation case and the vertical 
orientation case are just special cases of the more general curves which 
appear as contour lines of equal reflection factor. Two sets of graphs are 
provided: one using the 11non-welghted11 factors based on original fit to 
dlfferen~ial albedo; and the other based on the fit to total dose albedo based 
on flux. At present, the author has no preference between the two. It is 
possible that one Is better in certain portions of the detector field and the other 
Is better In others. The curves at least provide some understanding of general 
trends and make the task of futur.e estimating of the whole field from a limited 
number of measurements a little easter. 

Two final comments: The last figure gives an interesting picture of the 
effect of a· finite reflecting surface, in tenms of the infinite surface value. 
This "finiteness" factor Is essentially the same regardless of which set of 
formula parameters were used. Finally, It might be noted that within the 
framework of the C-H approximate formula for albedo, the position of source and 
detector may be exchanged and the same value obtained for reflection factor. 
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