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Computer simulation of radiation processing on industrial
gamma J-9600 Co® irradiator
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Computer simulation of radiation processing on the industrial gamma facility of the
National Center for Radiation Research and Technology, NCRRT, Cairo, Egypt are
considered in the paper. Egypt’s industrial Mega Gamma-1 facility is based on J-9600
Co® flat panaramic wet source storage industrial irradiator with designed and
produced by MDS Nordian, Canada. The absorbed dose distributions of gamma rays
in an irradiated product on J-9600 Co® flat panoramic source rack irradiator have
been calculated with the ModeGR and RT-Builder softwares. Absorbed dose map in
gamma irradiated product with various uniform density and characteristics such as
dose uniformity ratio (DUR) and throughput were investigated. The features analysis
of computer simulation results are discussed.
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Y poOOTi NpUBOIATBCA pE3YyNbTaTd KOMII'IOTEPHOTO MOJCIIOBAHHSA IIPOLECY
ONPOMiHEHHS Ha IPOMUCIIOBIN Tama paniamiiHiii ycranoBui Hanionansnoro LleHTpy
Papiauifinnx docnimkens 1 Texnomoriii, Kaip, €runer. IIpomucioa Mera ['ama-1
yCTaHOBKa 0a3yeThCsl Ha IUIOCKOMY ITaHOPaMHOMY rama BHUIpoMiHioBadi  J-9600
Co% mokporo 36epiranns y Gaceiini, sikuii po3pobieHo i BurotosneHo KaHaachkoro
komnanieto MDS Nordian. Po3noain morimeeHoi 103M rama BHIPOMIHIOBaHHS B
npoAyKuii Ha  IUIOCKOMY  IAHOPaMHOMY rama BHmpoMimmoBaui J-9600  Co®
pospaxoByBaBcst mporpamamu ModeGR i RT- Builder. [ochmimkeno kapty
MOTJIMHEHO1 NT03W ramMa BUIPOMIHIOBaHHSA B MPOAYKIIi 3 OXHOPIIHOK TYCTHUHOIO,
HEOJHOPIAHICTh MOMJIMHEHOI J03W 1 MPOAYKTHUBHICTH ONPOMIHIOEMOI MPOTYKIIi.
OOroBOPIOETHCS aHAII3 0COONINBOCTEH PE3yNbTATIB KOMI'TOTEPHOTO MOJICTIIOBAHHS.

[ h ) J ] , ) /1 M ,
Kniouosi cnoea: xomn'romepne mooeniosanns, npocpama ModeGR, 2ama eunpominiosamms,
PO3N0OLI NO2IUHEHOT D03U.

B pabore mnpuBomsTcs pe3ydabTaThl KOMIBIOTEPHOTO MOJIEIHMPOBAHMS Mpolecca
o0ydeHHss Ha MPOMBIIUICHHOM raMMma paJuallMOHHON ycTaHOBKe HarmmonansHOTO
Hentpa Pagmamuonssix MccnemoBanmit wu  Texuomorumit, Kamp, Erumer.
[Ipombinutennas Mera ['amma-1 ycraHoBka 0a3zupyeTcs Ha IUIOCKOM NMAaHOPaMHOM
ramma m3ydarene J-9600 Co®® moxporo xpanenus B GacceiiHe, KoTopas paspaboTana
u mroroBieHa Kananckoit komnanueit MDS Nordian. Pacipenenenue nornormeHHOH
JI03BI TaMMa U3JTydeHHs B 00JTydaeMoi MpOyKIIMK Ha IUIOCKOM ITaHOPaMHOM raMMa
usnyuatene J-9600 Co® paccuntsiBanocs mporpammamu ModeGR u RT-Builder.
HccnenoBano kapTy NOITIOMEHHOH JO3BI TaMMa U3JIydeHHsS B TPOXYKIHH C
OJTHOPOIHON IUIOTHOCTBIO, HEOJHOPOJHOCTh  IIOTJIOIIEHHOW  JO3BI U
MIPOM3BOAUTENFHOCTD 00IydaemMoil npoaykuun. O0cykaaeTcs aHaiu3 ocobeHHOCTel
Pe3yIbTaTOB KOMIIBIOTEPHOTO MOJETHPOBAHUS.

Key words: romnviomepnoe mooenuposanue, npoepamma ModeGR, ecamma usnyuenue,
pacnpeoenenue No21oueHHol 003bl.

1. Introduction

Gamma ray irradiator like 60Co became popular radiation sources for medical and
industrial applications. More than 250 gamma ray irradiators are currently in
industrial operation in Member States of the International Atomic Energy Agency

© Abdel-Fattah A. A. *, Mohammed Bayomi A. M. *, Popov G. and Rogov Yu., 2013



18 Cepis «MaT. MmogentoBaHHs. IHpopmaLiiHi TexHonorii. ABTOMaTU30BaHi CUCTEMM YNPaBAIHHAY»

(IAEA) [1]. The kinds of applications that use gamma radiation have steadily
increased, from crosslinking, polymerization and sterilization of health care products
to food irradiation and environmental applications such as flue gases, wastewater and
sludge treatment. Emerging applications could be in the fields of nanomaterials,
structure engineered materials and natural polymers.

To control these processes the routine dosimetry procedures must be carried out to
identify the positions of minimum and maximum absorbed dose within the product
containers and to establish gamma source operational parameters. A detailed dose
mapping of the industrial gamma radiation facility, optimization of the gamma
irradiator geometry can be performed using computer modeling (computational
dosimetry), which allows to reduce significantly the routine dosimetric measurements
[2,3].

Implementation success of radiation technologies into practice substantially
depends on development of computational dosimetry which is based on verified and
validated programs, capable effectively calculate absorbed dose distributions in
processes of an irradiation [4, 5, 6,7].

Results of detailed simulation with standard ITS Monte Carlo code and validation
of irradiation process on industrial gamma facility are presented in the paper [5].
Simulation and validation of irradiation process were performed only in some
positions of product container relatively to the flat panoramic gamma source rack. At
that, the significant operational parameters for gamma irradiation process such as
Dmin, Dmax, dose uniformity ratio (DUR) and throughput, that are used for quality
control of process irradiation and profitability of gamma processing cannot be
obtained. Utilization of standard package of ITS Monte Carlo code makes it difficult
an obtaining the simulation results for absorbed dose distribution of gamma rays into
irradiated product with good three-dimensional resolution and small statistical
uncertainties. Point Kernel code that was used at simulation, do not allow to obtain
correct values for absorbed dose distribution of gamma rays near the boundary of
contacting materials with big difference of density and atomic numbers.

Authors have developed the softwares ModeGR and RT-Builder specially for
simulation of the 3D absorbed dose distributions (ADD) within multi-layer packages
irradiated with gamma ray from flat panoramic Co60 source rack using a Monte Carlo
(MC) method [6, 7].

The software ModeGR was used for development of model for the Co60
industrial irradiator J-9600 and calculation of the 3D dose distributions in product on
the industrial Mega Gamma-1 facility [8]. Software RT-Builder was used for
calculation of the cumulative 3D dose distributions in product and analysis an
effectiveness of gamma irradiation process with various methods, such as multi-pass,
multi-level, or multi-sided.

Analysis of technical and operational parameters for Egypt’s industrial Mega
Gamma-1 facility in accordance with technical documents and selection of simulation
parameters for approximation of complicated elements of radiation facility in the
frame of simple geometrical models for Software ModeGR will be presented in the
paper. Considerable attention has been given to the model of conveyer line, because
the value of Dmin into irradiated product is located near the boundary with conveyor
line in the area of big heterogeneity of construction elements.



BicHuk XapkiBcbkoro HavioHanbHoro yHiBepeuteTy Ne1063, 2013 19

2. Gamma radiation facility and simulation model of radiation processing

2.1.Gamma radiation facility

Various types of gamma irradiators and methods of product container irradiation
with gamma ray are used to reduce the dose uniformity ratio in an irradiated product
and to maximize gamma radiation energy utilization. Panoramic irradiators are more
suitable for industrial gamma ray processing.

The source rack in the Mega Gamma-1 facility designed and built by MDS
Nordion comprise 6 modules with 60Co source pencils C-188 which were mounted by
3 modules in two levels [8]. Each module comprise various number of the active 60Co
source pencils from 15 up to 37. Summarized gamma activity of all 160 active 60Co
source pencils in 6 modules was 415901Ci of 60Co of average energy of 1.25MeV in
October 2012. 60Co energy of 1.25MeV is the result of averaging two gamma lines
of 1.17 and 1.33 MeV. The schematic model of the flat panoramic source rack with
arrangement of source modules is presented in Fig.1.

Module 1 comprise 37 active pencils, module 2 - 36 active pencils, module 3 - 30
active pencils, module 4 - 27 active pencils, module 52 - 15 active pencils, module 6 -
15 active pencils. All active pencils have individual value of activity in the range from
778.6 Ciup to 4756 Ci.
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Fig.1. Arrangement of source modules in the NCRRT panoramic source rack

with active cobalt-60 source pencils

In this irradiator product is loaded into aluminium totes with dimensions 52 cm
long x 54 cm wide x 90 cm high. The totes are moved through the gamma irradiation
field on a system of tracks and rollers by pneumatic cylinders and an elevator. The
totes pass a rectangular source rack in four parallel rows; two on each side of the
source rack at each of two levels. The totes first travel along four rows at the upper
level. They are then lowered on an elevator and travel along the four rows at the lower
level. The irradiator is shown in plan view in Fig.2.
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Fig. 2. The sequence of product totes movement at upper and lower levels
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2.2. Simulation model for gamma radiation facility

Detailed geometrical model of gamma ray facility with irradiated targets was made
for panoramic planar “°Co source rack which is used as gamma source in the software
ModeGR. In the computer model, the “Co source rack is represented as a rectangular
planar frame with number of modules from 4 up to 20, which should be mounted in
two levels, with uniform/non uniform distribution of “Co strength. General number of
%Co source pencils in the source rack can be in the range from 1 up to 800.

Irradiated product can be represented in form of tote with homogeneous materials
as well as of tote filled with stack of plates. The stack of plates can be interleaved
with dosimetric films.

In the simulation model the number of pencils in the source module can be in the
range from 0 to 200. It is allows one source module to present as 1-5 typical source
modules. As a result, we can represent source rack with 20 typical source modules, in
2 x 10 array.

The product on a conveyer platform can be irradiated in tree modes:

* static mode - the container with product will irradiated in stationary regime;

» continuous mode - the container with product will continuously move on a
conveyer platform in parallel with surface of source rack;

* shuffle-dwell mode - the container with product will discontinuously move on a
conveyer platform in parallel with surface of source rack to a new irradiation position
and then remaining at rest for a dwell time at that position. The dwell time is the time
interval during which a process load is at rest at an irradiation position.

There are two types of source pencils which are used in the gamma source model:
active cobalt-60 slugs encapsulated into stainless steel capsule, and a “blank,” inactive
stainless steel cylinder. All pencils types have the same geometrical characteristics but
they can have various activity the “’Co.

The computer model allows calculate:

» the transit dose - the dose received by the product in its movement into and out of
the irradiation field;
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the shuffle dose - the dose received by the product during its movement from one
dwell position to the next.

The software ModeGR allows calculate the absorbed dose distributions and dose
uniformity within product irradiated on Co60 shuffle-dwell irradiator. The absorbed
dose distribution can be calculated for various number totes with irradiated product in
the row, various number passes of totes in front of gamma source rack, and various
number dwell positions in the row.

As example, the schematic model of a typical Co60 multipass shuffle-dwell
irradiator with overlapping product to gamma source configuration is presented in
Fig.3. The totes with product are located on bottom and top horizontal conveyer lines.
The 56 aluminum totes (containers) with product are moved around the Co60 source
rack on a conveyor 8 passes at two levels. Two levels are characterized by horizontal
and vertical movements of the product totes. This model is more close to the Co60
industrial irradiator J-9600. In this model each of 160 active pencils was individually
modeled.

Co-60
Source Rack

Conveyer
2nd level

Conveyer
1st level

Fig.3. Sequence of irradiation in a flat panoramic Co® source rack, multi-pass, two direction,
multi-position. “A” is a fixed point on the side surface of the process load, which passes
through the irradiation room on both sides of the Co® source rack from position I to
position 56, with four passes on each side of the source.

Conveyer line comprise cylindrical rollers made of steel. Diameter of rollers is
42mm, the cylindrical wall thickness of rollers is 2mm, the distance between rollers is
about 10 cm. Cylindrical rollers of conveyer line can partly absorbed gamma flux
from source rack. This effect can be influence on values of ADD, DUR and
throughput in gamma irradiated product totes. Cylindrical rollers were modeled as
steel layer with thickness of 42mm and density 0.5 g/cm’.

In multipass shuffle—-dwell mode of operation, the product totes stay (dwell) at the
designated irradiation positions around the radiation source for a certain dwell time
(usually a few minutes) and then they all move (shuftle) to the next positions, such
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that each tote irradiated at each dwell position (in all loops around the source) before
leaving the irradiation room. There are 7 dwell positions for each of the passes and 56
for the eight passes. As a result, the product totes irradiated with gamma ray at two
sided.

It should be note that conveyor lines with product totes are symmetrically located
relatively to the flat panoramic source rack, See Fig.3. Therefore we can simplify the
Monte Carlo calculation process for the absorbed dose distributions in product tote.
For that we should divide the process simulation on 3 stages.

1* stage, software ModeGR: Calculation of the absorbed dose distributions in product
tote irradiated gamma only from one side of the Co® source rack on the top conveyer
lines with two passes product tote positions 1 - 14, and on the bottom conveyer lines
with two passes product tote positions 15 - 28.

2" stage, SW RT-Builder: Inversion of the obtained data relatively surface of the
Co® source rack.

3¢ stage, SW RT-Builder: Summation the results from 1 and 2™ stages.

In some cases the totes with product can be also located and irradiated
symmetrically on the bottom and top horizontal conveyer lines, See Fig.3. In this
simplified variant the process simulation will be divided on 4 stages.

1* stage, software ModeGR: Calculation of the absorbed dose distributions in product
tote irradiated gamma only from one side of the Co® source rack on the top conveyer
lines with two passes product tote from positions 1 to 14.

2" stage, SW RT-Builder: Inversion of the obtained data relatively the top conveyer
line of the 1* level.

3% stage, SW RT-Builder: Inversion of the obtained data relatively surface of the
Co® source rack.

4™ stage, SW RT-Builder: Summation the results from 1%, 2" and 3¢ stages.

3.Simulation results of operational parameters

3.1. Influence of material density on operational characteristics

Absorbed dose map formation in gamma irradiated product with various density
and characteristics such as dose uniformity ratio (DUR) and throughput were
investigated in the gamma irradiation process using computational dosimetry method
with software ModeGR and RTBuilder.

The computer simulation of the gamma dose map in product container loaded with
dummy materials gamma irradiated in regime of shuffle-dwell mode was performed in
two stages:

* obtaining the data set for absorbed dose distributions in product container in each
separate pass/level/side along gamma source rack (software ModeGR),

* building the dose map in an irradiated product on the base of the data set obtained for
separate passes with variable parameters of irradiation (software RT-Builder).

It should be noted, that such simulation method is optimal for complicated
radiation processes by using multi-stage simulation technology. In the 1st stage, the
set of absorbed dose distributions in the product tote will be calculated with software
ModeGR and stored for the following passes: top level - 1st row, top level — 2nd row,
lover level - 1st row, lover level — 2nd row. In the 2nd stage, the set of absorbed dose
distributions will be calculated with software RT-Builder.
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Polyethylene (PE) and carbon of various density from 0.05 to 1 g/cm3 were used as
dummy materials in all computer experiments.

The following computational experiments were performed:
* Calculation of an absorbed dose map and identification the positions of minimum
and maximum gamma absorbed dose within the product containers,
* ADD calculation as function of dummy material density (carbon and polyethylene)
in the range from 0.05 to 1 g/cm3,
» analysis of influence of the metal (steel) rollers of the conveyer line on the ADD
formation, steel density was tested in the range from 0.001 to 7 g/cm3.
« calculation of DUR and throughput as function of gamma irradiated material density
in the range from 0.05 to 1 g/cm3 and the tote size.
* calculation of the isodose curves for dose map in the middle and near the surface of
gamma irradiated containers with product.

Some results of computational experiments are presented in Figs. 4, 5, 6.

Comparison results for dependences of gamma dose uniformity ratio (DUR) in the
product containers on product density for gamma radiation facilities designs by MDS
Nordian, Canada are presented in Fig. 4. Curves 1 and 2 represent of DUR
dependence on product (PE) density for two typical different irradiator designs by
MDS Nordion, Canada [9]. Curves 3 and 4 represent simulation results for
dependence of DUR onqproduct (PE) density for tested gamma radiation facility.

2.6

0 01 02 03 04 05 06 07
Density, g:"cm‘3
Fig 4. Curves 1 and 2 — Dependence of dose uniformity ratio (DUR) on product density for
two different irradiator designs by MDS Nordion, Canada. Curves 3 and 4 — simulation
results for dependence of DUR on product (PE) density for tested gamma radiation facility

Presented simulation results on Fig. 4. have shown:
* dependence DUR on product density in curves 3 and 4 has the same characters as in
the curves 1 and 2, related with typical gamma irradiators designs by MDS Nordion,
Canada [9];
¢ the value DUR depends on the product density;
* the value DUR increases with increasing density of the product and with increasing
density of the conveyer line material. DUR is increased mainly due to decreasing the
value of D,;, with increasing density of the product and conveyer line material.
Results simulation of an ADD in form of isodose curves obtained in plane at the
middle of the product container which is perpendicular to the source rack as function
of the conveyer line material density are presented in the Fig.5. a, b. Conveyer line



24  Cepia «Mat. MmogenioBaHHs. [HchopmaLiiHi TexHonorii. ABTOMaT30BaHi CUCTEMM YNPaBIiHHSA»

material made of steel with thickness 4.2 cm and various density: 0.001 g/cm’
(Fig.5. a) and 7 g/em’® (Fig.5. b).

Analysis of simulation results for isodose curves in dose map near the middle and
near the surface of gamma irradiated containers with product have shown that
minimum dose locations were found in the center at the top and bottom and near the
corners of the product container. The maximum dose locations were found near the
product container surfaces which are parallel with the source rack.
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Fig. 5. Isodose curves in plane at the middle of the product container which  is
perpendicular to the source rack for 2 extreme cases. a) Metal density — 0.001 g/em’,
DUR = 1.4, b) Metal density - 7 g/em’, DUR = 2.15

Fig. 6 illustrates how product density and metal density of conveyer line can affect
on mass throughput. Radiation processing throughput is the amount (mass or volume)
of product processed per unit time (such as, kg/h or m*/h) and is determined by the
radioactivity of the radiation source, product density and the product absorbed dose.
Dependences of product mass throughput on product density (Curves 1 and 2) are
presented for 2 typical gamma radiation facilities designs by MDS Nordian, Canada.

Curves 3 and 4 represent of simulation results for investigation of influence of the
conveyer line material density on the mass throughput. Curve 3 was calculated at
density 0.002g/cm3 of the steel layer, curve 4 - at density 1g/cm3 of the steel layer.
Thickness of metal layer is 4.2 cm.

Presented results in the Figs. 3-6 have shown that irradiated product density and
characteristics of conveyor line construction materials can essentially influence on an
absorbed dose uniformity ratio and throughput of gamma irradiation process.
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Fig.6. Curves 1 and 2 - dependence of product mass throughput at absorbed dose 1 kGy on
product density for two irradiator designs by MDS Nordian, Canada. Curve 3 was calculated
at density 0.002g/cm’ of the metal layer, curve 4 - at density 1g/cm’ of the metal layer
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3.2. Estimation of uncertainties for simulation results

One of the basic questions for using theoretical predictions into practice is the
question related with uncertainties for prediction results. Therefore the following
computational experiments were performed:
* Investigation of an absorbed dose distribution (ADD) formation in gamma irradiated
containers with product as function of containers number in the row - 7, 8 and 6&7
mixture containers in various rows. It was obtained that average absorbed dose and
dose uniformity ratio into gamma irradiated product do not exceed 3-4%.
* ADD calculation as function of various distance between source rack and product
container from 5 to 15 cm. Influence the distance between source rack and product
container is more greater up to 8%. The distance should be controlled. The distance
was taken into account from gamma facility documentation with accuracy 0.5cm.
* ADD calculation as function of displacement of product containers along axis Y in
the range =+ 10cm relatively irradiator central line (axis X). The same results as in
previous point.

Obtained results made it possible to estimate some components of uncertainties for
results simulation.

Conclusion

Technical and operational parameters for Egypt’s industrial Mega Gamma-1
facility in accordance with technical documents were determined. The analysis of
factors that determinative to the value of Dmin into gamma irradiated product was
performed.

It was shown that value of Dmin into gamma irradiated product is located near the
boundary with conveyor line in the area of big heterogeneity of construction elements.
Therefore the model parameters of conveyer line should be selected on the base of
dosimetric measurements.

Possibility of modeling parameters selection for approximation of conveyor line in
the frame of simple geometrical model (layer of homogeneous material) for practical
use of SW ModeGR was shown.
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