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ABSTRACT

The radiation source used for non-destructive testing have permeability and cause a scattered radiation through
collisions of surrounding materials, which causes changes in the surrounding spatial dose. Therefore, this study
attempted to evaluate and analyze the distribution of spatial dose by source in the working environment during
the non-destructive test using monte carlo simulation. In this study, Using FLUKA, a simulation code, simulates
%Co, "Ir, and "Se source used in non-destructive testing, The reliability of the source term was secured by
comparing the calculated dose rate with the data of the Health and Physics Association. After that, a
non-destructive test in the radiation safety facility(RT-room) was designed to evaluate the spatial dose according
to the distance from the source. As a result of the spatial dose evaluation, °Se source showed the lowest dose
distribution in the frontal position and “’Co source showed a dose rate of about 15 times higher than that of "*Se
and about 2 times higher than that of 'Ir. In addition, the spatial dose according to the distance tends to
decrease according to the distance inverse square law as the distance from the source increases. Exceptionally,
%Co, " Ir, and "Se sources confirmed a slight increase within 2 m of position. Based on the results of this study,
it is believed that it will be used as supplementary data for safety management of workers in radiation safety
facilities during non-destructive testing using radioactive isotopes.

Keyword: Non-destructive testing, Radioactive isotope, Spatial dose rate, Monte carlo simulation

FA e WS A ARdel $Ae) S 5
L. INTRODUCTION Ao AMGHETP. g4 35 e ANFAES
vy AANE 24 mE gy glo] Alw, 7A AP 3t FEF o] Atolol] fAIAR - AIFA S E
E, 8% A% H7E wASAY AF B o T wep @A 2ap Ak A
o Hrlsks s ot v)dn 7L 7)o AL of AFS& WHem HFATI= AgE o] &3
o AF LAY A AR Aol HAsn T
Austid BEe B grh me Agst g BAHENNLT 289 w3 PAbs T
o mel PARH, &%, AN 2 A AA o FE AL ol gebu, nEH WAEHE o
W osoR BRH Al Fovhs Aol Folvt dastttt A sdz W
o]Z% WAL ES S AE gasl uuly A= A2 FA ALY AZE D) EAR Al mET,
AupdS ol gkl AAF oA s Az o HIE Eoke] By At Hat AFAFE A
o Fodata, ojpAow eld & 9= A3 U = FAll gled, ofds] ojg ¥ dAy ol
* Corresponding Author: Sang Il Bae E-mail: herose7777@naver.com Tel: Hwk _sokokn sk 373

Address: Department of Radiation Oncology, Dongnam Institute of Radiological & Medical Sciences Cancer center, 40,
Jwadong-gil, Jangan-eup, Gijang-gun, Busan, Republic of Korea



Evaluation of Spatial Dose Rate in Working Environment during Non-Destructive Testing using Radioactive Isotopes

%2 ehiitha waie s goi,
A A AGAY mEHE 9EA
2 Fa% Bxol od 9

=
H
4

iy

B g

= rle
(A
(o &

>~

9.

=

= (o 2
oL
~
-

710

e
N
i

> X,
oﬁ
o 1

-~ i
= FiN
N
il
P
)

=
e ARG, 49 G

2o

oft i wi

3 gr}e} AuA|, Zevo
AR 9% B4 Mol 2

JENALE ol §F wn Al
A= Wo] o]

)

}:o

e N YO x o off
2o O
1o o i
o
_IH:lé
fu)

oL
>~
ol
S

i)

rlr
e .41

)
(o,
>.
-
>
ol
i
i
N
N
i)
Fel > %9 rlo

-

i)
SLoox,
B
(2

o
oz X
X o
ox |o
ol h

>
U
2

o &
-
N
e
ol
ofj
e
Q‘L
o o rr oo

>
N
I
fitl
r o
rot
of
()

o rlo o>
off e o
M =l

["E l‘-,>L ﬂ}l_‘ ol

Sy
N

-
i tlo to,
o MZ N

et
r
30,
2

)
2
ot
i
tlo
e
o,
P‘E
rlr
ol
o®
o
X
o,
N
i
o,

o2l oft
ok
i

ofN &
2
Y
i
u
ko
1o,
E
>,
e

g ofo
o
ok
2 ot

[
> i
%
>
>
o

of r

o

OIFO oL mm]
o
ol
N
oz 2
o
)

ol o |4 o rlo

o
Jm
°
oY

= e 3
13 ox
2

X

o X

o
Y
N
il
i
ko
o,
2
K

ol

,d
to

T L 24 op g op
fit

A o L

o olo
e
m

Y
=
2
rot

-

rlet
o
2o
>
o %
tlo rlo -

Ll

Xoox | O ol ¥ e
ol\
A
N
>

Lo o
ol
o
Lo
_401[‘
oo
)
o ~
i }‘U
hF s

ey

4y ol
o b

%4>

Ao gk A
olo] ¥ AF= EEIIER 7S Zgsto] H|v)
3] ZAtell A o] &5 a1 ¢l “Co(Cobalt), *Ir(Iridium),
Se(Selenium)S 2 HAbsta #Z¢lstAe] wE
MAFES Frksto] ARG FARREY] 9 F
ZF HYE A% B A5E Astaa gk

2 of

II. MATERIAL AND METHOD

EHIEZ ANAEA(Monte Carlo Simulation)
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Fig. 1. Simulated RT-room structure using FLUKA.
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Aol whabsEe “Coi= 3,700 GBq(100 Ci),
PSee 2,960 GBq(80 Ci), "*Ire] 4% 1,850 GBq(50
Ci)= WAMACHAAIA W AHE7Hs3 Hol WAbe
FS AAsAh vl g FAE A9 23k X5 Y
Zol tlsle] 400 ecm x 400 cm ¥FFe] MFES
USRBIN7}F= & ARg-3ho] WA =8 (mSv/h) W9 =
FE3GIth 2o AL 4 314 1000 Al sk
o, &3 (uncertainty) 5% ©|3t=E AFAHS &
Hatinh

III. RESULT
1. A943% 7}

weldF g T3 mAE “Co, TSe, I Aol
=

sk A EA SRS 93] 50, 100, 150, 200, 250 cm
]

——"®Se - FLUKA simulation
+— T5Se - Dose Calculator
——%Co - FLUKA simulation
40 ——5Co- Dose Calculator
—— "2r - FLUKA simulation
< "r - Dose Calculator

Dose-EQ (mSv/h)

! L

0 50 100 150 200 250
X -axis (cm)

Fig. 2. Analysis of dose rates by distance of

non-destructive radioisotopes.

Table 1. Analysis of dose rate by distance of

o1 AT, Fig 29k 2ol E AdFeN HdgE
& Age] wet AFFFHon R AFS
F

B 2Tt

2. FNAFE JU}

2.1. %°Co (Cobalt-60)

0Co A2 Fig. 39} o] o] A Wk A
A EES A 1 m AHNA 9.98E-01 mSvhE
vhebgtth oleh 2o Avks Agrt kgl wet
AR A E YEdT SUE AgEe
739~ Table 29} 7ol Ze|volEfe} A JgFo= 2l
3 1 m ©o]Z A& 1.05E-01 mSvhZ 85% ©]7<9]
74215 YeEIle™ 2 m o]4 Al 0.27E-01 mSv/h
2 96% ©1, 3 m ©]Z Aol 0.12E-01 mSvhE 98%
ool TAE 4 m ©]4 A= 0.06E-01 mSv/hiE
99%2] 3 E YERSAT

Dose-EQ (mSv/h)

2.56
1.62
1.28
0.640

0.00

Fig. 3. Energy spectrum of spatial dose rate of co.

Table 2. Spatial dose rate measurement result of co

simulated radiation source in simulation

(Unit : mSv/h)

Distance (cm) 50 100 150 200 250
Oco HPS 4546 1134 503 282 180
co FLUKA 4932 1265 571 323 2.07
Difference 38 131 068 041 027
7Se HPS 679 169 075 042 027
Se FLUKA 934 241 1.08 062 038
Difference 2.55 0.72 0.33 0.20 0.11
2 Hps 1677 418 185 104 0.66
2 FLUKA 1949 503 226 128  0.83
Difference 272 085 041 024 017

(Unit : mSv/h)
X - axis

1 m 2 m 3 m 4 m

0m 9.98E-01 2.58E-01 1.15E-01 6.4E-02
(1.00) (0.25) (0.11) (0.06)

1 m 1.05E-01 1.31E-01 8.9E-02 5.6E-02
(0.11) (0.13) (0.09) (0.06)

Yoo, | 42802 27602 28B-02  33E-02
apzis (0.04) (0.03) (0.03) (0.03)
3 m 0.2E-01 1.6E-02 1.2E-02 0.9E-02
(0.02) (0.02) (0.01) (0.01)

4 m 1.2E-02 1.1E-02 0.9E-02 0.6E-02
0.01) (0.01) (0.01) (0.01)
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2.2. "Ir (Iridium-192)

1921, 2y 9] & Fig. 49} Zro] Wl1o] A™ Hiagko A
AEES A 1 m AZNA 1.24E-01 mSvhE
Efstth oo 2 A= At Sl whet
FEFAQ A E YT S AgE
49 Table 37 o] FEvolEle} A dFo=
o1& 1 m °]Z Alelli= 4.09E-03 mSvhE 96% ©]4+2]
7245 Yo 2 m 14 Aol 1.13E-03 mSv/h
2 99%0°]4h, 3 m ©]4 Ao 5.19E-04 mSv/h= 99%

o)A 74 E 4 m o4 A4 = 2.85E-04 mSv/h
2 99%°] 7HE YERAT

n N O

Dose-EQ (mSv/h)

om2

0234

00780

0.00

£ I,

Fig. 4. Energy spectrum of spatial dose rate o

Table 3. Spatial dose rate measurement result of 192

(Unit : mSv/h)
X - axis

1 m 2 m 3 m 4 m

0 m 1.24E-01 3.32E-02 1.47E-02 8.24E-03
(1.00) (0.27) (0.12) (0.07)

I'm 4.09E-03 1.13E-02 9.65E-03 6.72E-03
(0.03) (0.09) (0.08) (0.05)

Y 2 m 9.33E-04 1.13E-03 2.06E-03 2.94E-03
" (0.007) (0.009) (0.016) (0.023)

axis

3 m 3.86E-04 4.91E-04 5.19E-04 7.03E-04
(0.003) (0.004) (0.004) (0.006)

4 m 2.30E-04 2.45E-04 2.89E-04 2.85E-04
(0.002) (0.002) (0.002) (0.002)

2.3. Se (Selenium-75)

7Se A1 Fig. 5¢F o] Wleo] A koA A
2 1 m AFoNA HUNHHFES 6.69E-02 mSvhZ
UESETE ol ef 22 A ARvE F7hstel uhet

Al A E e SUE AEE
49 Table 49} o] Fvlole|e} A dgo=z
218 1 m ©1Z Aol 2.13E-03 mSv/hE 96%°] 4
o] ZHHE HERRN ST 2 m o] A Al 5.82E-04
mSv/hZ 99%c°]A 3 m o]Z Al 2.67E-04
mSv/hE 99%°]3e]l #4415 4 m o4 AlA=
1.46E-04 mSv/hZ 99%2] 735 el AT

X
o )

l

Dose-EQ (mSvrh)
0208

Fig. 5. Energy spectrum of spatial dose rate of Se.

Table 4. Spatial dose rate measurement result of "Se

(Unit : mSv/h)
X - axis
1 m 2 m 3 m 4 m
0m 6.69E-02 1.83E-02 8.08E-03 4.5E-03
(1.00) (0.27) (0.12) (0.06)
1 m 2.13E-03 5.2E-03 4.82E-03 3.46E-03
(0.03) (0.08) (0.07) (0.05)
Y 2 m 4.38E-04 5.82E-04 9.50E-04 1.36E-03
3 (0.006) (0.009) (0.01) (0.02)
axis
3m 1.79E-04 2.45E-04 2.67E-04 3.48E-04
(0.0023) (0.003) (0.004) (0.005)
4 m 1.05E-04 1.16E-04 1.49E-04 1.46E-04
(0.002) (0.002) (0.002) (0.002)

IV. DISCUSSION

WAV E AL AE o] &3 Hl 9k HAbs AR
=B vy Aol o] getal glom, 2]iek
ol digh e d"E Hrbs 2Rk A% Azt
b2 T3 A FEE fa et A 9
= ok FUAFE B HA AN o7
oot Bluty] HAatel et FHAFEA
A= HEFE AAoln o] E AT EoAY
< &3l AR PE A A (RT-room) Y] W] 3}z A}
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N AMEE = WA E YRS BASE WAL
SFA A A (RT-room) W FIHAZHE dis] vl
Akl
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