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Abstract - Recently, much attentions are paid to the risk associated with increased uses of
medium size radiation sources in medical and industrial fields. In this study, radiation risks -
to the worker and to the general public due to ®™Tc generator were assessed for both
normal and accident conditions. Based on the event tree technique, exposure scenarios for
various situations were derived. Uncertainty analysis based on the Monte~Carlo technique
was applied to the risk assessment for workers and members of the public in the vicinity of
the work place. In addition, sensitivity analysis was performed on each of the five
independent input parameters to identify importance of the parameters with respect to the
resulting risk. Because the frequencies of normal tasks are far higher than those of
accidents, the total risk associated with normal tasks were higher than the accident risk. The
annual dose due to normal tasks were 0.6 mSvy™ for workers and 0.014mSv vy for public,
while in accident conditions 3.96mSvy ™" and 0.0016 mSvy’, respectively. Uncertainty range
of accident risk was higher by 10 times than that of normal risk. Sensitivity analysis
revealed that source strength, working distance and working time were crucial factors
affecting risk. This risk analysis methodology and its results will contribute to establishment
of risk-informed regulation for medium and large radioactive sources.

Key words : Risk assessment, ® Tc generator, exposure scenario, Monte-Carlo technique,
uncertainty analysis, sensitivity analysis
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(2) ¥4 (Inhalation)
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(3) A4 (Ingestion)
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X Liquid DilutionFactor; X Volumelngested;
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(4) 2As & £ =% (Submersion)
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Fig. 1. Event tree and probability associated with elution of

generator.
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Fig. 2. Event tree and probability associated with the preparation of unit dose.
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Fig. 3. Event tree and probability associated with storage of generator.
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Table 1. Characterization of input parameters.

: 5294 B25%% 20044

Input parameter Catalog Mean Std. dev Min. Max Distribution
SMo-""Tc [GBa] v v 88 606
s:ef;teh ®Mo [MBq] v v 399 458 uniform
*mTc [GBql v v 88 444
Elution [y '] 390 156 288 523
Task frequenc - fog-normal
eduency Storage [y ] 52 52 384 693
Initiator Prob. all task by task” task by task 657x10” 1 log-normal
: work task by task task by task 05 2.20
Distance to orker SK Dy tas Y uniform
receptor{m] public task by task task by task 2.00 100
work task by task task by task 0017 168
Exposure orker sk by tas y normal
time[A] public task by task task by task 0.017 168

* As the scenario of each task, input parameter is applied to the value respectively.

Model Input Model input
|/x,\ [/XZ\
X, = 2.23% X, = 4,281

l Y, =2.497
Run 1 :Y = 1985
Run 2 :Y =5.234
Run3:Y = 4.236
ARun 4 .Y = 2,598
Run5:Y = 2.987
Run N :Y = 1.342

Freguency

Exposure, Dose {mSv]

Fig. 4. Schematic illustrating the application of Monte
Carlo analysis to a model.
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Table 2. Expected doses from nomal tasks and accident.
Expected dose [mSvl
Task Receptor  Task type . percentiles
mean median
25% 975 %
normal 1.72x10° 151x10° 4.46x107 4.12x10°
Task: 4-1 worker . 4 4 - a1
_ accident 3.44x10 2.99x10 8.82x10 8.46x10
Elution of 5 5 " 5
generator (PTc) oublic normal 1.86x10 1.82x10 6.40x10 3.38x10
accident 386x107° 379107 1.35x10°° 7.03x10°
. normal 2.12x1073 191x107° 5.80x10™ 474x10°
© A= WOrker +
Task: 4-2 accident ©  428x107 392x10% 128x10°  9.34x10%
Preparation of = 5 " -
unit dose (*™Tc) niblic normal 497x10 4.86x10 1.73x10 9.19x10
v accident 1.63x10™ 1.60x10™ 575107 2.87x10™"
-2 -2 -3 -2
Task: 4-3 worker normal 1.42x10 1.41x10 4.07x10 261x10
Storage of accident 1.89x107° 1.89x107° 543x10™ 3.32x10°°
generator normal 572x1073 565%107 1.63x1073 1.06x10°°
_ public } _ ,
(®*Mo-®"Tc) accident 1.35x107 1.35%107" 398x1072 2.29%107

Table 3. Expected annual doses from normal tasks and accident.

Expected annual dose [mSvy™]

Task Receptor Task ) percentiles
type mean median

25% 975%
Taskc worker Tl 1.26x10” 1.04x10™ 2.90x107 331x10™
Efj;,‘('m“; accident  3.41x10° 305x10° 9.08x10™ 772x10°
-5 -5 -5 -4
generator (*™T¢) ablic nox"maJ 9.17x10_5 8.95x10_5 3'21“0\6 1.69><10—5
accident 203x10 1.98x10 6.95x10 381x10
Tack: 42 worker | "OTmal 322x10” 269x10”" 756x10° 842x10™"
oo a::;'ﬁi; . accident  3.96x10° 331x10° 9.07x10™ 1.03x10°!
s, normal  247x107  240<10°  850x10°  461x10”
unit dose (“"Tc) public ) i 4 » 4
accident 157x10 1.53%10 5.38x10 2.89%10
" Task: 4-3 worker normal 1.40x10" 1.36x10™" 3.87x102 2.72x10™
Storage of accident 416x10°° 402x10° 1.13x10°® 8.26x10°°
generator Sblic normal 1.35%1072 1.33x107? 378x107 255%10°2

" 1 R
(*Mo-*"Tc) P accident  640x10° 6.29x10° 1.07x10° 1.19x10”
i normal 6.00x107" 550x107" 2.27x107 1.25x10°°
worker . 0 -0 -1 -1

Total accident 3.96x10 3.31x10 9.08x10 1.03x10
task 4 normal 1.38x107? 1.36x107 415%107 261x107
public . 3 3 " -3

accident 1.60x10 157x10 5.64x10 2.93x10
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Fig. 5. Expected dose due to unit normal task.
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Fig. 6. Expected dose due 1o single accident.
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Fig. 7. Expected annual dose due to nommal tasks.
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Fig. 8. Expected annual dose due to accidents.
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Fig. 9. Risk distribution due to normal task. (a) worker

(b) public.
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