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A PHOTON SHIELD CAPSULE DESIGN FOR AN 241Am/Be (a+) SOURCE 
USING HIGH DENSITY TUNGSTEN ALLOY 

R. S. Clement, H. H. Hsu, R S. Olsher and D. J. Aikin 
(MS/G761, Los Alamos National Laboratory 

P.O. Box 1663, Los Alamos, NM 87545) 

Abstract-A photon shield capsule made of high density tungsten alloy was designed for a 400 GBq 
241Am/Be (a,n) NIST-traceable source using Monte Carlo calculations. The 241Am/Be (a,n) source 
replaces a 239Pu/Be (a+) source used in the Los Alamos Neutron Well for dose rate calibrations of 
portable and fixed neutron rem meters. Potential operator exposure due to 241Am photon emission 
(Ey = 59.5 keV, Yy = 0.357 y d-l) is a major practical concern in using this type of source. This has 
been recognized by the International Organization for Standardization (IS0 8529: 1989), which 
recommends wrapping the source in a 1 mm thick lead shield. However, the optimum photon shield 
capsule design depends on source construction and other considerations. These considerations 
include minimizing source spectrum degradation and inelastic gamma production from shielding, 
structural integrity, toxicity, and cost effectiveness of available materials and construction. 
Investigations of several materials and combinations using stainless steel, high density tungsten alloy 
(composed of 90%W, 6% Ni and 4% Cu) and lead with various capsule thicknesses were simulated 
using the Los Alamos Monte Carlo N-Particle Transport Code. The final design was based on a 2 
mm thick capsule using the high density tungsten alloy. This material resulted in a small change in 
the neutron spectrum accompanied with only a slight increase in inelastic gamma production, and 
unobservable 59.5 keV photon emissions compared to the bare 241Am/Be (a,n) source. 

INTRODUCTION 

Since the early 1960s, portable and fixed neutron rem meters have been calibrated at Los Alamos 
using a 239Pu/Be (a,n) source. The source is housed on an elevator plate in a 4 m deep concrete well. 
To calibrate an instrument, an operator enters a requested dose rate into a personal computer, which 
initiates vertical movement of the source within the well based on a algorithm specifically developed 
for the system. The well is calibrated using a transfer standard instrument whose response is 
traceable to the National Institute for Standards and Technology (NIST). 

In addition to technical and regulatory considerations, selection of a replacement source was 
governed by engineering constraints. Because source-to-detector distances in a well system are 
limited, the new source would ideally have a similar spectrum to that of the existing source to 
generate the appropriate range of dose rates typically encountered in the work environment for 
instrument calibrations. From knowledge of process, it was known that the dose rate over the top of 
the well approximately doubles compared to fi-ee-in-air measurements due to in-well scatter. Of the 
sources considered, 252Cf was preferred, but due to its relatively short half-life, an 241Am!Be source 
was selected instead for reasons of practicality. In choosing 241Am/13e, however, it was understood 
that the 59.5 keV y-ray emitted from 241Am could result in unnecessary operator exposure during 
calibrations if the source was used without shielding. 
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METHOD 

The design for a photon shield capsule was initiated by first calculating the bare neutron fluence and 
dose rates for an Amersham corporation" 241 M e  source averaged over a 1 -m radius sphere. 
Neutron (for n production), neutron-induced photon (for n,n'y production) and photon (for y 
production) particles were transported using the Los Alamos Monte Carlo N-Particle (MCNP) 
Transport Code (Briesmeister 1993) to determine the reference values. For a minimal source activity 
of 370 GBq, Amersham uses a X.14 capsule 3 cm in diameter and 6 cm overall in length. The 
factory capsule consists of a 1.1 mm inner cell assembly and outer 1.2 mrn outer sheath assembly 
with both assemblies composed of stainless steel. The 241Am/Be source material (mostly Be by gram 
density and assumed to be homogeneous) comprises a volume of 23.5 cm3 inside the cell assembly. 
Dose rates due to the various interaction processes were calculated by converting the IS0 241Am/Be 
source spectrum (IS0 1989) into the proper MCNP format of fluence per unit linear energy bin and 
folding in the neutron and photon flux-to-dose conversion factors (NCRP 197 1 ; ANSUANS 1977). 
The results were then multiplied by the respective particle emission rate. Subsequent MCNP input 
files were modified for the various shielding materials and compared to the reference values for a 
bare 241Am/Be source in the factory capsule. 

+ l m m P b  

+ 0.8 mm Pb 
+2mmFe  

Table 1. 241Am/Be source photon shield material comparisons. 
Material Particle DD (crna2) H (pSv h-l) 

Bare source n 8.30 x 2.53 x lo2 
W ' Y  5.37 x 10-7 2.98 x 10-l 
Y 4.31 x 10-7 1.74 x lo2 
n 8.31 x 2.53 x lo2 
W ' Y  
Y 

+1mmHD17b n 

Y 

5.89 x 10-7 
1.02 x 10-9 

7.35 x 10-7 

8.72 x 10-7 

8.81 x 10-7 

8.30 x lo6 

7.71 x lo-'' 
8.30 x 

1.51 x 10-l2 
8.30 x 

4.82 x 10-lo 

3.33 x 10-l 
4.21 x 10'' 
2.52 x lo2 
4.02 x lo-' 
3.07 x 10-I 
2.50 x lo2 
4.80 x 10-l 

2.51 x lo2 
4.86 x lo-' 
1.92 x 10-l 

5.95 x 10-4 

a Amersham Corporation, 2536 S. Clearbrook Dr., Arlington Heights, IL 60005. 
Mi Tech@ Metals, Inc., 4701 Massachusetts Ave., Indianapolis, IN 46218. 
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RESULTS 

The 24'Am/Be source's neutron emission rate was determined to be 2.40 x 1 O7 n s-' (ref. date 4 April 
1996) at NIST by absolute calibration in a MnSO, bath. Using the NIST emission rate, MCNP 
calculations yielded a reference neutron dose rate of 253 pSv h-' compared to 240 pSv li' when 
applying the manufacture's conversion factor of -0.6 pSv h-' GBq-' at 1 m. The reference photon 
dose rate due to inelastic gamma production of the bare source in the factory capsule was calculated 
to be 298 nSv h-l at 1 m. The reference photon dose rate due to the 59.5 keV y-ray emitted by 241Am 
was calculated to be 174 pSv h-l compared to 280 pSv h-' at the same distance. 

For all the materials in Table 1 there was less than a 1.2% change in the reference neutron dose rate 
with minimal spectrum effects in comparison to the bare 241AmA3e source's neutron fluence (Fig. 
1). Although of no personnel exposure consequence, dose rates resulting from the inelastic gamma 
production in the photon shield increased from 10% (1 mm lead) to a maximum of 64% (0.8 mm 
lead plus 2 mm stainless steel). The reference photon dose rate was reduced by factors ranging from 
2.42 x 1 0-3 (1 mm lead) to 3.42 x 1 0-6 (2 mm tungsten alloy). From a personnel exposure view, as 
the neutron dose rate already is -250 pSv h-l at 1 m, a shield capsule fabricated from any one of the 
materials investigated, reduces the photon dose rate to essentially 0% of the neutron dose rate. 

Fig. 1. 241Am/Be source spectrum effects for photon shield materials. 
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CONCLUSIONS 

Emission of the 59.5 keV y-ray from an unshielded 241Am/Be source is of major concern in using 
this type of source for routine health physics operations and in calibration assemblies, since the 
photon dose rate may be comparable to the neutron dose rate at a given distance. Photon shields 
comprised of 1 mm of lead, 1 mm and 2 mm of tungsten alloy, and a combination of 0.8 mm of lead 
plus 2 mm of stainless steel (a wall thickness of at least 2 mm was recommended to allow for 
machining of threads in the shield’s body and lid) were all found to be adequate photon shields while 
minimizing neutron source spectrum degradation and inelastic gamma production in the shield. 
Preference for a particular capsule design depends on the how the source is to be used and on 
availability of materials and resources. 

MCNP calculations determined the reference neutron dose rate of the bare 241Am/Be source to within 
-5% of the manufacture’s estimated neutron dose rate based on source information provided from 
the vender. The photon dose rate of the bare source may be overestimated if measured with a survey 
instrument (e.g., GM detector) whose response is dependent at photon energies in the keV range. 

When an 241Am/Be source is to be used in a 47~ geometry as in the Los Alamos Graphite Pile and Los 
Alamos Neutron Well, a photon shield capsule fabricated of the tungsten alloy material appears to 
provide the greatest structural integrity, least consideration for associated health hazards during 
fabrication and best potential for long term usage compared to other designs. A capsule constructed 
by placing the source in a 0.8 mm thick lead sleeve supported in a 2 mm thick stainless-steel capsule 
is also a reasonable choice. 

ACKNOWLEDGMENTS 

The authors would like to extend sincere gratitude and appreciation to Jim Horn of Amersham for 
detailed information on the 241Am!Be source encapsulation and to Gene Burbridge of Mi Tech 
Metals, Inc. for technical specifications on the high density tungsten based metal. 

REFERENCES 

American National Standards Institute. Neutron and Gamma-Ray Flux-to-Dose Factors: American 
Nuclear Society, La Grange Park, IL; ANSUANS-6.1.1; 1977. 

Briesmeister, J. F. MCNP-A General Monte Carlo N-Particle Transport Code, Version 4A. Los 
Alamos National Laboratory report LA-12625; 1993. 

International Standard IS0 8529. Neutron reference radiations for calibrating neutron-measuring 
devices used for radiation protection purposes and for determining their response as a 
function of neutron energy: International Organization for Standardization; IS0 8529; 1989. 

National Council on Radiation Protection and Measurements. Protection Against Neutron Radiation. 
Bethesda, MD: NCRP; Report No. 38; 1971. 

4 


