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ABSTRACT

Radiation shielding facilities are constructed in locations where diagnostic radiation generators are installed,
with the aim of preventing exposure for patients and radiation workers. The purpose of this study is seek to
compare and validate the trend of attenuation thickness of lead, the primary material in these radiation shielding
facilities, at different maximum tube voltages by Monte Carlo simulations and measurement. We employed the
Monte Carlo N-Particle 6 simulation code. Within this simulation, we set a lead shielding arrangement, where the
distance between the source and the lead sheet was set at 100 cm and the field of view was set at 10 x 10 cm?
Additionally, we varied the tube voltages to encompass 80, 100, 120, and 140 kVp. We calculated energy spectra
for each respective tube voltage and applied them in the simulations. Lead thicknesses corresponding to
attenuation rates of 50, 70, 90, and 95% were determined for tube voltages of 80, 100, 120, and 140 kVp. For
80 kVp, the calculated thicknesses for these attenuation rates were 0.03, 0.08, 0.21, and 0.33 mm, respectively.
For 100 kVp, the values were 0.05, 0.12, 0.30, and 0.50 mm. Similarly, for 120 kVp, they were 0.06, 0.14, 0.38,
and 0.56 mm. Lastly, at 140 kVp, the corresponding thicknesses were 0.08, 0.16, 0.42, and 0.61 mm.
Measurements were conducted to validate the calculated lead thicknesses. The radiation generator employed was
the GE Healthcare Discovery XR 656, and the dosimeter used was the IBA MagicMax. The experimental results
showed that at 80 kVp, the attenuation rates for different thicknesses were 43.56, 70.33, 89.85, and 93.05%,
respectively. Similarly, at 100 kVp, the rates were 52.49, 72.26, 86.31, and 92.17%. For 120 kVp, the attenuation
rates were 48.26, 71.18, 87.30, and 91.56%. Lastly, at 140 kVp, they were measured 50.45, 68.75, 89.95, and
91.65%. Upon comparing the simulation and experimental results, it was confirmed that the differences between
the two values were within an average of approximately 3%. These research findings serve to validate the
reliability of Monte Carlo simulations and could be employed as fundamental data for future radiation shielding
facility construction.
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II. MATERIAL AND METHODS
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Fig. 1. Schematic diagram for performance evaluation
of lead sheet attenuation rate in MCNP6.
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Table 1. Specification of general radiology equipment

Category Specification
Model Discovery XR 656
Company GE Healthcare, United States
Tube voltage range 40 - 150 kVp
Tube current range 10 = 800 mA
Target angle 16°
Total filtration 1.1 mmAl

Table 2. Specification of Multi-detector
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Fig. 2. Energy spectra of 80, 100, 120, and 140 kVp
calculated from the SRS-78 program.
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Category XR - Genergal Radiology

Dose/Dose rate, Dose per pulse,
kVp/PPV, Time, Total filtration,
Half value layer, Waveform

Measuring values

KVp range 40 KV - 150 kV
Dose 600 nGy - 3 Gy
Mezllzsurement Dose rate 90 nGy/s — 160 mGy/s
ange
Time 2 ms - 300 s
III. RESULT
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Fig. 3. Lead thickness according to attenuation rate by
tube voltage.
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Fig 4. (a) X-ray tube (b) Lead sheets (c) Detector and
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Table 3. Measurement attenuation rate by each tube
voltage according to attenuation rate in MCNP6

kVp Attenuation rate (%)
Attenuation rate 80 kVp 100kVp 120kVp 140 kVp
50% 43.56 52.49 48.26 50.45
70% 70.33 72.26 71.18 68.75
90% 89.85 86.31 87.30 89.95
95% 93.05 92.17 91.56 91.65
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Table 4. Comparison of the results between MCNP6
and measurement

kVp

80 kVp 100kVp 120kVp 140 kVp

Attenuation rate

4356 £ 5249 + 4826 £+ 5045 +

50% 0.27 0.02 0.47 0.54

7033 £+ 7226 + 71.18 £+ 68.75 +

70% 0.41 0.09 033 0.77

89.85 £+ 86.31 =+ 8730+ 8995 +

0% 0.42 0.04 0.40 0.96

93.05 £ 9217 £ 91.56 £+ 91.65 +

95% 0.42 0.06 039 0.96

IV. DISCUSSION
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