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A Photoneutron production option for MCNP4A 
A photoneutron production option was implemented in the MCNP4A1 code, 
mainly to supply a tool for reactor shielding calculations in beryllium and heavy 
water environments of complicated three dimensional geometries. 

Subroutines were developed to calculate the probability of the photoneutron 
production at the photon collision sites and the energy and flight direction of the 
created photoneutrons with the help of user supplied data. These subroutines 
are accessed through subroutine colidp which processes the photon collisions (see 
Figure 1). 

A number of small modifications were necessary in the input portion of MCNP4A. 
A photoneutron switch was installed and a new input card was defined to supply 
the identifiers of the photoneutron data sets. The user is able to provide pho-
toneutron data sets of any nuclide of interest. The data sets have to be processed 
in the MCNP cross section format and are read during the cross section set up at 
the beginning of the MCNP runs. Arrays were installed or extended to sample 
photoneutron creation and loss information to provide the appropriate summary 
tables in the output. 

Photoneutron production data sets were created for deuterium and beryllium: 
the deuterium data were based on analytic formula,2 the beryllium data were 
based on evaluated experimental data. 3 

in order to verify the photoneutron production data and to validate the 
MCNP4A implementation, the photoneutron yields from heavy water or beryl
lium targets due to a specific gamma source were calculated and compared against 
experiments. The calculated quantity was the effective Wattenberg constant \f^, 
which gives the neutron yield of a specific one Curie gamma source placed at a 
distance of one centimeter from one gram of target material 4. 5 For deuterium-
based photoneutron sources the calculations agreed well with the experiments 
(see Table 1). However, the beryllium-based photoneutron source calculations 
produced results 30% higher than the measurements. More accurate beryllium 
photoneutron cross sections would be desirable. 

To demonstrate the developed method in a real shielding problem, the fast 
neutron fluxes in the heavy-water-filled reflector vessel of the ANS reactor were 
investigated and compared against published results from DORT calculations.7 

In Figure 2 the fast neutron flux (energy 0.1 MeV - 0.9 MeV) in heavy water 
is plotted versus the radial distance from the core. The fast fluxes obtained 
from DORT and MCNP4A in the calculations with photoneutrons are as much 
as a factor of 1000 higher than those obtained from DORT calculation without 
photoneutrons. Considering the complete independence between the calculations, 
the small differences of 10% - 20% in the fluxes are more than satisfactory. 
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Figure 1: The program flow of the MCNP subroutine colidp with the photoneu
tron implementation 



Table 1: The effective Wattenberg constants measured by Bensch&Vesely6 and 
calculated with MCNP 

photoneutron density of /#'• io- 5 r mm2 1 
i- s Ci mg J 

source source [mg/mm3] experiment calculation 
24NaF - D 2 0 2-56 22-09 22-61 
1 2 4 Sb - Be 6-69 10-32 10-32 

2 4 NaF - Be 2-56 10-13 13-87 
7 2 Ga - D 2 0 5-91 3-07 2-85 
! 1 4 l n - B e 7-28 0-825 1-26 
1 4 0 L a 2 O 3 - Be 6-51 0-181 0-291 
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Figure 2: Fast neutron flux (E = 0.1-0.9 MeV) in the heavy water reflector. 
Fluxes calculated with MCNP4A and DORT including photoneutron production 
are shown and compared to a DORT calculation without photoneutrons. 
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