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In In-situ radioactivity measurement techniques, efficiency calibration models use predefined
models to simulate a sample’s geometry and radioactivity distribution. However, simplified efficiency
calibration models lead to uncertainties in the efficiency curves, which in turn affect the radioactivity
concentration results. This study aims to develop an efficiency calibration optimization methodology to
improve the accuracy of in-situ gamma radiation measurements for byproducts from industrial facilities.
To accomplish the objective, a drive mechanism for rotational measurement of an byproduct simulator
and a sample was constructed. Using ISOCS, an efficiency calibration model of the designed object was
generated. Then, the sensitivity analysis of the efficiency calibration model was performed, and the
efficiency curve of the efficiency calibration model was optimized using the sensitivity analysis results.
Finally, the radiation concentration of the simulated subject was estimated, compared, and evaluated with
the designed certification value. For the sensitivity assessment of the influencing factors of the efficiency
calibration model, the ISOCS Uncertainty Estimator was used for the horizontal and vertical size and
density of the measured object. The standard deviation of the measurement efficiency as a function of
the longitudinal size and density of the efficiency calibration model decreased with increasing energy
region. When using the optimized efficiency calibration model, the measurement efficiency using IUE
was improved compared to the measurement efficiency using ISOCS at the energy of 2Ac (911 keV) for
the nuclide under analysis. Using the ISOCS efficiency calibration method, the difference between the
measured radiation concentration and the design value for each simulated subject measurement direction
was 4.1% (1% to 10%) on average. The difference between the estimated radioactivity concentration and
the design value was 3.6% (1~8%) on average when using the ISOCS IUE efficiency calibration method,
which was closer to the design value than the efficiency calibration method using ISOCS. In other words,
the estimated radioactivity concentration using the optimized efficiency curve was similar to the designed
radioactivity concentration. The results of this study can be utilized as the main basis for the development
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of regulatory technologies for the treatment and disposal of waste generated during the operation,
maintenance, and facility replacement of domestic byproduct generation facilities.

Key words: Atypical byproduct, In-Situ gamma ray Measurement, Improve measurement accuracy,
Efficiency calibration model, Efficiency calibration optimization
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Table 1. Design and specification of the mock subject

Category Mock Subject A Mock Subject B
Design
Crafting
Material Wood Polystyene Sand
Source high 63cm 6Scm 64cm
Weight 74.5kg 73.9kg 141.3kg
Density 0.67kg L™ 0.66kg L™ 1.33kgL™!
Radioactivity 463.30Bqg’ 463.30Bqg™" 463.30Bqg™"
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Fig. 1. Mock subject models and input factors with ISOCS.
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Fig. 2. Measurement methods based on measurement direction (A: one way, B: four way, C: rotation).

Table 2. Measurement Conditions for in-situ gamma-ray nuclide

Category Direction Time Distance

One-way 30 minutes 37 cm

30 min
Conditions ~ Four-way (7 minutes 30 seconds 37cm
each way)

Rotation 30 minutes 37cm
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