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1. Background and goal of the present work


To follow the radiation safety rules depending on generated actual radiation power i.e. exposition dose rate (EDR) in different locations of source work places is an assessment of its side effects on the environment, especially on human health. Numerical simulation of dose rate in the points where are DRM (dose rate monitors) located was made by using the software toolkit GEANT4 (CERN).

2. Panoramic Gamma Irradiator of NNRC, Azerbaijan


The panoramic irradiators are classified by the IAEA as Category IV (wet storage). In a large irradiation facility, the irradiation room where the product is treated with radiation is the focal point of the facility (see Fig. 1). Other major components of an industrial facility include: 

· shielded storage room (6m deep water pool) for the radiation source rack (cobalt-60) initial activity 300kCi

· source hoist mechanism, 

· radiation shield surrounding the irradiation room (up to 2MCi), 

· control console (room), 

· product containers (totes), 

· product transport system through the shielding maze, 

· control and safety interlock system, 

· areas for loading and unloading of products,

· water treatment system (DI system)

· ventilation system

· supporting service equipment.
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Fig.1 Facility layout
3. Comparative analysis of Dose Rate Monitors indicator parameters

Radiation level control in the facility is actually performed as follows: 7 dose rate monitors (DRMs) were installed in each area of the working zone, which were placed in irradiation, operation, water deionization and ventilation rooms according to which the radiation safety regulations are monitored. Comparative analysis of 7 DRM indicator parameters were registered during storage under the water pool and during the irradiation process (Tab.1. Fig. 2). 

	Dose rate monitors
	Storage under the water pool (µSv/h)
	During irradiation process (µSv/h)

	DRM1
	Irradiation room
	0.100
	258.46

	DRM2
	Personal maze
	0.108
	128.48

	DRM3
	Good maze door
	0.102
	1.379

	DRM4
	Personal door
	0.091
	1.127

	DRM5
	Water treatment system
	0.095
	0.098

	DRM6
	Ventilation system
	0.131
	0.146

	DRM7
	Control room
	0.091
	0.098


Tab.1 Current exposition dose rates of DRM indicator
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Figure 2. Pictures of DRM indicators.

4. Registration and comparative analysis of the actual performance of DRMs by the simulation


Depending on the activity of radioactive source usage, its half-life and gamma stability is important to calculate the radiation distribution in all workplaces of the facility and comparing the results of simulation with the parameters of DRMs in the working area gives us an opportunity to monitor and manage of the radiation safety. Numerical simulation of dose rate in the points where DRM is located was made by using software toolkit GEANT4 (CERN),  a toolkit for the simulation of the passage of particles through matter. Its areas of application include high energy, nuclear and accelerator physics, as well as studies in medical and space science. To use GEANT4 the following aspects should be defined: the geometry of the system; the materials involved; the fundamental particles of interest: the physical processes of interest; the generation of primary events; the response of sensitive detector components. 

Calculations were performed on a personal computer equipped with an AMD Ryzen9 3900xt (24 threads, 12 cores) processor and 48 GB RAM.
The number of simulated events was 10^9. The calculation time was approximately about 72 hours.
	Dose rate monitors
	Storage under the water pool (µSv/h)
	Calculated values

(µSv/h)
	Deviation %
	During irradiation process (µSv/h)
	Calculated values

(µSv/h)
	Deviation %

	DRM1
	Irradiation room
	0.1
	0.1143
	14.30
	258.46
	271.5321
	5.06

	DRM2
	Personal maze
	0.108
	0.1211
	12.13
	128.48
	139.5674
	8.63

	DRM3
	Good maze door
	0.102
	0.1145
	12.25
	1.379
	1.5165
	9.97

	DRM4
	Personal door
	0.091
	0.1033
	13.52
	1.127
	1.2481
	10.75

	DRM5
	Water treatment system
	0.095
	0.1079
	13.58
	0.098
	0.1114
	13.67

	DRM6
	Ventilation system
	0.131
	0.1443
	10.15
	0.146
	0.1633
	11.85

	DRM7
	Control room
	0.091
	0.1046
	14.95
	0.098
	0.1118
	14.08


Tab.2 Registration and comparative analysis of the actual performance of  DRMs by the simulation
5. Conclusions and Acknowledgements


The complex geometry of panoramic gamma irradiator was imputed into the simulation. The computer code on the base of GEANT4 was developed and calculations were carried out.  A comparison of measured and simulated results shows good agreement. The accuracy of calculated dose rate values did not exceed 15%. The accuracy can be improved by the increasing number of the simulated events which will demand the use of the high-performance cluster (HPC).
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