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ABSTRACT 

A private company, Citrus Research International (CIR) is intending to construct an insect 
irradiation facility for the irradiation of insect for pest management in south western region of South 
Africa . The facility will employ a Co-60 cylindrical source in the irradiation chamber. An adequate 
thickness for the concrete shielding walls and the ability of the labyrinth leading to the irradiation 
chamber, to attenuate radiation to dose rates that are acceptably low, were determined. 

Two methods of MCNP variance reduction techniques were applied to accommodate the two 
pathways of deep penetration to evaluate the radiological impact outside the 150 cm concrete walls 
and steaming of gamma photons through the labyrinth. The point-kernel based MicroShield software 
was used in the deep penetration calculations for the walls around the source room to test its accuracy 
and the results obtained are in good agreement with about 15-20 % difference. The dose rate 
mapping due to radiation streaming along the labyrinth to the facility entrance is also to be validated 
with the Attila code, which is a deterministic code that solves the Discrete Ordinates approximation. 
This file provides a template for writing papers for the conference. 

1 INTRODUCTION 

A private company, Citrus Research International (CIR) is intending to construct an insect 
irradiation facility for the irradiation of insect for pest management in south western region of South 
Africa. The intention is to irradiate a population of selected insects that pose a problem in the Citrusdal 
agricultural region and irradiate them to a dose of ionising radiation , high enough to sterilise them. The 
irradiated masses of insects will then be released to the environment to reduce the local insects 
population. 

This irradiation facility will employ a 20 kCi (0 .74 PBq) Co-60 cylindrical source in the irradiation 
chamber. An adequate thickness for the concrete shielding walls and the ability of the labyrinth leading 
to the irradiation chamber, to attenuate radiation to dose rates that are acceptably low, were 
determined. The facility is designed with 150 cm concrete walls on all sides enclosing the source 
room. The right hand side roof (i.e. concrete roof above the source room) is 120 cm, left hand side 
roof (i.e. concrete roof above the labyrinth and the entrance) is 60 cm and the wall thick on the outer 
side of the entrance is 30 cm. There is also two-turn labyrinth to the exit/entrance of the facility. 

The calculations involved the shielding calculations on the walls surrounding the source room 
and radiation transport through the labyrinth of the facility. These shielding calculations were 
conducted with two different softwares, MCNP which is using the Monte Carlo method and the 
MicroShield using the point kernel method of integration. Two methods of MCNP variance reduction 
techniques were applied to accommodate the two pathways of deep penetration to evaluate the 
radiological impact outside the 150 cm concrete walls and steaming of gamma photons through the 
labyrinth. The first is the splitting and Russian roulette , which was applied for the deep penetration of 
radiation through the 150 cm thick walls around the source room. 

The second variance reduction technique is the weight windows, which was applied to improve 
the sampling through the labyrinth to the entrance of the facility. Track length estimates of the average 
scalar photon flux in given regions were used to calculate the dose rates. Next event estimators of the 
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scalar flux at a point were used to generate the mesh-based weight windows. The radiation transport 
along the labyrinth of the facility was also calculated with the MCNP and validated with Attila which is 
using the discrete ordinates methods. 

2 MCNP MODEL DESCRIPTION 

MCNP5 (1) release 1.30 was used to perform the radiation transport from the source through 
the labyrinth to the facility entrance. The code uses ENDF/B-VI release 6 cross-section data libraries, 
which are part of the package of the cross-section data distributed with the code. The code is a 
general-purpose, continuous energy, generalized geometry, time dependent and coupled 
neutron/photon/electron Monte Carlo code. 

The Monte Carlo method is a computational method that can solve complex mathematical 
problems using random sampling. The Monte Carlo method obtains results by simulating the individual 
particles and records some tallies of the particle's average behavior. It is not necessary to solve the 
transport equation when using Monte Carlo methods it uses point wise cross-section libraries, which 
avoids doing the typical approximations needed for deterministic methods. 

Interaction of nuclear particles with matter, path length, energy and direction changes are some 
of the statistical processes that are simulated with the Monte Carlo method. The probability distribution 
functions representative of the physical processes mode led are sampled using transport data to find 
the outcome at each step of the neutron's life. The statistical sampling processes are based on the 
selection of uniformly distributed random numbers between zero and one. See Figure 1 (X-5 Monte 
Carlo team (2003) , describes the random history of a neutron incident on a slab of material that can 
undergo fission . 
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Figure 1: Random History of Neutron 

Figure 2 illustrates the MCNP model indicating the top and side views. According (2) the 
shielding design was decided upon following the scoping calculations with QAD-CGGP and validated 
with the MathCAD implementation of point kernel technique. The Co-60 source is located in the middle 
of the room and the walls are 150 cm except the on one on the left hand side of the entrance and the 
roof. The labyrinth width is 100 cm with height of 220 cm and 30 cm concrete thick wall on the left 
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hand side of the entrance. The right hand side and left hand side roofs are 120 cm and 60 cm 
respectively. 

Top Vi ew 

Co.60 Source 

Receptor Points 

Side View 

Figure 2: MCNP Citrusdallnsect Irradiator Facility Model 

Three independent calculations were done with the MCNP5 
• Dose Rates on the outer surface of the 150 cm concrete in line with source 

• The dose rate along the labyrinth considering the gamma radiation penetrating through 150 
cm thick walls as indicated in Figure 3 

• The dose rates due to streaming and scattering of radiation along the labyrinth to the 
entrance 

The following methods of variance reduction techniques were used to increase the sampling of 
the problem 

2.1 Splitting and Russian roulette 

This is a population control method used to control the number of samples taken in various 
regions of phase space. In important regions many samples of low weight are tracked, while in 
unimportant regions few samples of high weight are tracked. A weight adjustment is made to ensure 
that the problem solution remains unbiased. 
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Figure 3: MCNP model iffustrating the splitting and Russian Roulette 

This method was used to calculate the deep penetration radiation dose rates through the 150 
cm concrete walls (Le. to the outer surface of the walls around the source room , the labyrinth and the 
entrance) as indicated in Figure 3. The application of this method in the calculation is done by 
segregating the walls to thickness adequate enough for effective application of splitting and Russian 
roulette taking into account the importance scheme. 

Depending on the complexity of the problem the segregation can be thinner or thicker and the 
region closer to the source will have less importance than the one distant from the source. The F4 
tallies were tallied at the same height as the source on the outer surface of 150 cm walls as indicated 
in Figure 3 (Le. in the labyrinth, on the outer surface on the outside of the facility and at the facility 
entrance). This was done to ensure the additional radiation exposure to the scattering of radiation 
through the labyrinth. 

2.2 Weight Windows 

The weight window can be described as a space-energy-dependant splitting and Russian 
roulette technique. The MCNP user specifies a lower weight bound for the particles. If a particle is 
below the specified lower weight Russian roulette is played. As a result the particle's weight will either 
be increased to a certain value within the window or the particle will be terminated. The upper bound is 
a constant multiple of the user-specified lower bound. When a particle is above the upper weight 
bound, it is split. This ensures that all the particles are within the window [1). An importance generator 
is available that estimates the optimal limits for a weight window. The weight windows were used 
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along with the weight window generator, which is a method that generates weight window importance 
functions automatically. The importance of a particle can be estimated as 

Importance (expected Score) = Total Score Because of Particles Entering the cell 
Total Weight Entering the cell 

(1 ) 

When the importances have been generated, MCNP will assign weight windows, which are 
inversely proportional to the importances. Bad estimates of the importance function may be generated 
with the generator due to the statistical nature of the generator. Therefore, it is important to make sure 
that the sampling is adequate. Several iterations are usually required before the optimum importance 
functions are found for a tally. The first set of weight windows are used for the following calculation 
that will generate a better set of weight windows. This method was used to calcu late the dose rates 
along the labyrinth to the facility entrance. 

2.3 Photon Source 

For all the calculations a 20 kCi (0 .74 PBq) Co-60 cylindrical source was considered located in 
the middle of the source room as indicated in Figure 2. Except for Attila calculations the source was 
considered as a point source still in the middle of the source room with the same weight as that in the 
MCNP and MicroShield. This was done as a procedure for the First Scattered Distribution Source 
(FSDS) calculations in the Attila software to avoid the ray effects. 

Table 1: IoniSing photon emission by the Co-60 Radionuclide 

Emission yield per 

Photon Energy (MeV) 
radioactive translation of 

parent radionuclide 
(photon/sec) 

1.173 0.999 

1.332 1.1 

2.4 MCNP Results 

2.4.1 MCNP Results without weight windows 

Figure 4 indicates the MCNP model dose rates results calculated without any variance 
reduction applications. The dose mappings along the labyrinth were plotted with moritz software. The 
Dose rates on the line of sight with the source show good convergence and it is clear that far from the 
source along the labyrinth the results are showing bad convergence. Therefore variance reduction 
technique of weight windows and weight window generator was considered. 
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Figure 4: Dose Rates along the labyrinth without weight windows 

2.4.2 MCNP Results with weight windows, splitting and Russian roulette 

The weight windows were generated along the labyrinth from cell 1 as it had a good statistics 
for convergence during initial calculation without the variance reduction method. The weight windows 
were generated by using F5 tally in each cell at the time from cells 1 to 9. The F4 tally was taken as 
the reference in cell 9 when the weight windows were generated for F5 tally. The dose rates map for 
are plotted in Figure 5 and Figure 6 using moritz software. Figure 6 only indicates the MCNP dose 
rates calculated on the outer surface of the 150 cm wall in line with source. 
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Figure 5: Dose Rates along the labyrinth with weight windows 

376.6 



Proceedings of the International youth Nuclear Congress 2008 

10.12 ,0.11 ID· IIl 10·
g 

10-8 10-7 10-6 10-5 10-4 ID'] 10-2 10.1 100 ID' 102 10 3 10 4 

Pfloton Dose 

-
Figure 6: Dose Rates on outer surface of the wall indicating splitting and Russian roulette 

Furthermore extra calculations were conducted for gamma radiation penetrating through 150 
cm concrete walls to add to the gamma radiation streaming through the labyrinth. The dose rates 
results are plotted in Figure 7 and Figure 8. The zero importance schemes was assumed in cell 5, cell 
6, and cell 7 Figure 7, and cell 5, cell 6, and cell 7 of Figure 8 to avoid over splitting of particles 
diffusing from the divided cells. 
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Figure 7: Dose Rates contribution to the entrance due to penetration through the wall 
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Figure 8: Dose Rates contribution the labyrinth due to penetration through the wall 

3 ATTILA MODEL DESCRIPTION 

The Attila is a radiation transport calculation code that uses the discrete ordinates methods that 
can be applied to solve the transport equations to model the behaviour of radiation in such 
applications as determining dosage rates for radiation therapy, protecting the crews in orbiting 
spacecraft, shielding nuclear reactors, calculating heat transfer via infrared radiation in industrial 
processes as diverse as steel manufacturing and glass making, and even modelling the progress of 
forest fires. 

Attila was used to validate the MCNP5 calculation results on radiation transport along the 
labyrinth to the facility entrance. This was done by initially creating the geometrical model with the 
solid edge software then imports it into the Attila as a parasolid model. Figure 9 shows the Attila 
Citrusdal insect irradiator facility model indicating the unstructured mesh while Figure 10 indicates the 
fine mesh generated on the walls towards the tallies to take into account for the contribution through 
penetration of the walls. The other solid parts like the roofs in Figure 10 are hidden to clearly indicate 
the source location and the inside of the facility . 
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Figure 9: Attila Citrusdallnsect Irradiator Model 

Figure 10: Attila Citrusdallnsect Irradiator Model with source location 

3.1 Attila Results 

The Attila dose rates results are presented in Figure 11 and Figure 12. Figure 11 Present the 
results that did not converge due to ray effects that were created during the calculation. To get read of 
these ray effect, the calculations needs higher Sn order that takes a lot computer time and memory. 
Therefore First Scattered Distribution Source (FSDS) calculations were then introduced by creating an 
input with a point source for same source strength. In the calculations procedure Attila initially 
calculated the uncollided particles then followed by the collided particles. Adding the two results gives 
the total dose rates and the results are plotted in Figure 12. 
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Figure 11.· Attila Dose Rates mapping indicating Ray Effects 
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Figure 12: Attila Dose Rates mapping indicating good Convergence 
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4 MICROSHIELD MODEL DESCRIPTION 

Figure 13 indicates the MicroShield model which simulates the citrusdal insect irradiator facility 
for the dose rates calculations on the outer surface of 150 cm concrete wall. The model indicates the 
Co-60 cylindrical source with the radius of 1.5 cm and 15 cm height. This was done to validate the 
QUAD-CGGP results calculated in [2]. 

Receptor Location 1 cm 
from the wall 

Figure 13. MicroShield Citrusdallnsect Irradiator Facility Model 

4.1 MicroShield Results 

The MicroShield dose rates were calculated considering the 150 cm concrete wall as the build
up factor reference. The dose rates were calculated as 1.32E-03 mSv/h on the surface of the wall. 

5 CONCLUSIONS 

Three different softwares were used in the whole exercise. Referring to Figure 5, Figure 7 and 
Figure 8 the MCN P dose rates resulted from the penetration through the walls are considered 
negligible because they are significantly low with about 5 orders of magnitude as compared to the 
streaming radiation dose rates. The whole exercise of benchmarking the MCNP Monte Carlo methods 
and Attila discrete ordinates methods is successful because both softwares agree with each other with 
only the percentage difference of 18%. The MicroShield dose rates for the shielding calculations on 
the outer surface of 150 cm wall outside the facility tends to agree 100% with the QUAD-CGGP results 
because the both point kernel source integration method. 

According to (2) the annual dose limit of a radiation worker is 20 mSv/h. Assuming a 
conservative scenario of full irradiation of one year without a break with the radiation worker standing 
at the facility entrance 8 hours each day, the worker will receive about the maximum of 16.42 mSv/a, 
which is below the radiation worker annual limit. Although the assumption is impractical it is clear that 
the dose rates to be received by a worker in a practicable condition will be much less than 16.42 
mSv/a and also considering that during irradiation period the facility in not accessible. 
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