Evaluation of induced radioactivity over time for medical linear accelerator
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Introduction & Goal

In recent years, along with demand, the number of replaced and discarded linear accelerator has increased in Korea. As for linear accelerators using a high energy of 8MV or higher, concentration of
radionuclides owing to radiation should be considered because of photonuclear reaction radiate the components of the accelerator and materials.

m In Korea, in order to reduce the risk of activation from radioactive materials, disposal/decommissioning must be carried out when clearance level for activity Is less than that specified in the regulation.
m However, it is difficult to measure the concentration of radionuclides induced by parts, and it is very difficult to assess the change In radioactive concentration over time.

m In this study, medical linear accelerator equipment was simulated with Monte Carlo codes, and the storage period and disposal/ decommissioning period were confirmed by analyzing the radionuclides
and concentrations of each part immediately after the beam was shutdown.

Results & Discussion

Material & Methods

**» Monte Carlo simulation *» Radioactivity by parts over time

Activities by parts(15MV Varian) Activities by parts(15MV Elekta) Activities by parts(15MV Siemens)

m PHITS code(Ver 3.25) was used for the Monte Carlo simulation[1].

m DCHAIN, which iIs a decay chain analysis code, was used for the analysis of radioactivity[2].

m The equipment used in this study are Varian Clinac iX, Elekta Agility™, and Siemens Oncor
Expression, and major parts such as target, primary collimator, flattening filter, ion chamber,
bending magnet, jaw and lead block.

m The beam energy used for simulation were 15MV and 10MV in which photonuclear reactions
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m It assumed that medical linear accelerator was operated for 10 years with an intensity of Fig.3. Activities for each component over time for 15MV beam energy. Varian Clinac iX (left), Elekta Agility™
80Gy/day and 40Gy/day to check the activity levels, and changes In the concentration of

radionuclides and radionuclides for each parts were confirmed after shutdown of the
equipment, and it was checked whether it complied with the standard value of 102 bg/g for the
clearance level for activity.

Activity [Ba/g]

(middle), and Siemens Oncor Expression (right)

m When comparing the workload of 80Gy/s and 40Gy/s, the radioactivity concentration of each
parts were about twice as different. The above figure shows the radioactivity concentrations for
each parts according to 15MV energies at a workload of 80Gy/s.

m It was confirmed that the concentration of radionuclides in all three components of equipment

* Flowchart of radiation evaluation System using 15MV energy, target, primary collimator, and flattening filter remained higher than the
m Figure 1 shows the flow chart of radiation permissible concentration of self-disposal after 6 months.
- Materal surface survey and evaluation system using Monte Carlo code. m In particular, it was confirmed that the radioactive concentration of target of the three-
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Fig. 2. Medical linear accelerator modeling using Monte Carlo simulation code m Considering the clearance level for activity specified in the regulation in Korea, the target
of the 15MV Varian, Elekta, and Siemens equipment had to be stored for at least 6 months
m The above pictures were schematics of Linear accelerator. Modeling of Varian Clinac 1X (left), Elekta to be disposal, while the same parts of 10MV equipment could be disposed of after 2
Agility™ (middle), and Siemens Oncor Expression (right) using PHITS code. months.
m Figure 2 shows the Monte Carlo simulation results of the target, primary collimator, and flattening filter, If the activity concentration can be predicted in consideration of the energy and workload
where major radionuclides could be generated based on drawings reference to dismantled equipment. used for each medical linear accelerator as described above, it is considered that guidelines
m Y-jaw, X-jaw, and MLC were fixed to arrive at a water phantom at the SSD 100 cm, and for workers to work safely so as not be exposed to radioactive material during
tracking of 15MV and 10MV photon beams confirmed that no neutrons were generated at 6MV. decommissioning/ disposal can be presented.
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