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ABSTRACT

This study evaluated radiation doses using the RESRAD-BUILD 4.0 program to assess space reuse after
decommissioning a cyclotron facility. The PETtrace cyclotron, widely used in the medical field, was selected for
the analysis. two types of concrete were examined:: NBSO03 concrete and magnetite and steel concrete. For
NBSO03 concrete, six radionuclides, including 55Fe, 9o, 152Eu, 134Cs, gy, and "°Gd, were analyzed, whereas
seven radionuclides were considered for magnetite and steel concrete, adding **Mn to the aforementioned six
radionuclides. The evaluation identified external exposure as the primary pathway. For NBS03 concrete, %Co and

152

Eu were the main contributors to radiation exposure, while for magnetite and steel concrete, “’Co and *Mn

were dominant. Operational duration had minimal impact on exposure dose. The radiation dose received by
workers was below the 1 mSv dose limit for the general public, indicating that the space is safe for various uses
after cyclotron dismantling. As cyclotron decommissioning is expected to increase, the findings of this study
provide essential data to guide the repurposing of such facilities.
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II. MATERIAL AND METHODS

L A7 o3

Abol S ZEE 9] FHoll= GEAMS] PETtrace, IBA
A}9] Cyclone 18/9, Sumitomo A}F2] HM-12S 5-©] Sl
th o] F 373%= 7Fg @Wo] ARESh= PETtrace
(GE) HlE A7 o= A4ttt PETtrace
= 165 MeV, 50~60 pAS] RS ALgeta F
2 "F-FDG Ak, Ale] FRERZ] FEjo]
2} Fig. 1M12} 20 (a) AR F 3} (b) Bl AFA =}
Foz FHHET AAAA Y Al EREES &9
ol WAsk= 22F FAAE =017 g HAow
Z 2ol & W (Polyethylene, PE), ZIIE, HE
(Boron, B)°| 3Hr¥l =& Alo]FREE TR l
A gk Fejolth, HIAA A HE Alo] S RE RS A}A|
At e HlE] Aol EREE A UFTF ftom S
Wl 2he] 4 glo] Al FRER 7IAAY 24
HE A omnt FAdHo] gtk Z[AAe] ol
22 FAAAE AEske 98-S St R AA| A
of vlajA ZAE 2] WALE ¢ 7F At
Bl wahd A ol gk 37k v o
CI o el R A= et oS A ] B Rt v = | e |
7 o] dig WALstE ae skl al

HS FASE 248 EE NBS03Y Magnetite
and Steel, ~12] 31 Barium©| X 3% Barytes®] 371 9]
TH7F ATk AFolA AR S TE v 549l 4b

[¢]

Aok ta Fol =4 FrEel Jden, Mg &5t
Al AHg-3F= NBS03 L] E2} ©F 70% ©]de] &
SHrES 7FA 3L )& Magnetite and steel 12 E

£ Aduste] MAARS ZHEAT PETwraces

Vg 717he 10, 20, 300 R e e
o}, WALA S H7)E7] 98k v ES 237
E ZolZ 10 em’ 7|F o2 H7FEhd ol

(b) Non-self-shielding cyclotron

Fig. 1 PETtrace 800 Cyclotron

.?.
AT M= AL SRERE AAS AT &
&85 939 RESRAD-BUILD 4.0 X213
WAL H7HE sl
RESRAD-BUILD X~ 27132 u]= ANL(Argonne
National Laboratory)oll A 7l2tgh A 317 of| A <]
A B7HE A% Z=2A, A e9lE T xE
4 AE YoM 9oz RE ) I =

Qo]
4 9GRS 3 vz Adet 2ol
A

R

e R A R

794



"J. Korean Soc. Radiol., Vol. 18, No. 7, December 2024"

o

o v
tio
JT R

)
=
2
rE
&
rr
=
EaC)

2
oft
ftlo
A U

2 ox

Tk e
iR
)

ok
I
1)
s
3
Iy
o
S

Ho
ol ot 9 rx
Mo rir 2L ol

o Tl Lol
o
fu
rlr
2
S
Ho
ol

4N o o K
rr 2 = il
o
-z

g
Kl
)

Y
>
e
N

-~ &

L
¥
£

5

2.1. Case Parameter
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2.2. Build Parameter
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2.3. Receptor Parameter
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Setting.
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Table 1. Specific radioactivity values at 10 cm depth
for NBS03, Magnetite and steel concrete
[Unit : Bg/g]

Concrete  Nuclide Year shiiilifng gl(i):l;jsiilé
10 1.88 3.61
Spe 20 2.02 3.89
30 2.04 3.92
10 0.80 132
Oco 20 1.01 1.92
30 1.07 236
10 0.65 120
NBSO03 925, 20 1.04 1.67
30 127 1.77
10 0.15 0.26
Bicg 20 0.16 0.26
30 0.16 0.26
10 0.06 0.13
B4ea 20 0.09 0.18
30 0.10 021
10 45.50 68.27
SFe 20 49.09 73.66
30 4938 74.09
10 3.10 215
*Mn 20 3.10 215
30 3.10 215
10 0.3 0.64
o 20 0.54 0.81
Magnetite 30 0.58 0.86
and steel 10 0.25 0.38
5204 20 0.40 0.61
30 0.48 0.74
10 023 035
Bl 20 0.24 036
30 0.24 036
10 0.06 0.09
o 20 0.09 0.13
30 0.10 0.15
III. RESULT

ALl EFRERE AlA §A] & WAbEtE ZAE
o] WAL S RESRAD-BUILD 4.0 2138 o]
S3le] Hrksk A3 T3 9% A1 oRyjE£ o

1. NBS03 Z3E

NBS03 232 Eof thgt 10 cm Z ool I3}
WAL S 2FA 2 S PETtraceS 10, 201, 30
d 7S wle A7F 9 EHHZES Table 20 UHEL
WTh ARl S RZEE s 7]7be] 109, 204, 304
o o AZF IZAHL 479x10% pSv, 6.38x10° pSv,

7.07x10° uSve] A7} =&}t 3ol wE
APAEFS H7b= Table 39 YERATE “Co0]
3.17x10> pSv, 4.00x10> pSv, 4.24x10° puSvz 7H3
=okal, tgor PRl ¥ AR et
H) 2 A 29 & o] A 3= Table 49} Table 59 WFEFA
ok 104, 204, 309S 7he @S o A7 9 F AT
2 6.01x10° pSv, 8.62x10° uSv, 9.62x10” pSviE L}
Ebeh o] wE AN ES S o Yo
o] 3.74x10> uSv, 5.61x10° pSv, 6.63x10° pSvE 7}
A ok, PRt o v oz A yEgth

Table 2. Radiation dose evaluation results by exposure
path of self-shielding PETtrace NBS03 concrete
[Unit : pSv/y]

Path 10 Year 20 Year 30 Year
External 479%10° 6.38x10° 7.07x10°
Inhalation 156x10°  220x10"  2.51x107
Deposition 2.98x10™ 3.97x107 4.41x10°
Suspension 121x10°  161x10°  1.79x10°
Ingestion 1.56x107 1.92x107 2.08x10°

Total 4.79x10° 6.38x10° 7.07x10°

Table 3. Radiation dose evaluation results for each
nuclide in self-shielding PETtrace NBS03 concrete
[Unit : pSv/y]

Nuclide 10 Year 20 Year 30 Year
60 2 2 2
Co 3.17x10 4.00%10 424x10
Bl 3.39x10" 3.39x10" 3.62x10"
B2, 1.16%10° 1.86x10° 2.27x107
2G4 46331077 740x10"7  9.04x10™
ey 1.17¢10" 1.75¢10" 1.94x10"
Ppe 220%10° 236x10° 239x10°

Table 4. Radiation dose evaluation results by exposure
path of non self-shielding PETtrace NBS03 concrete
[Unit : uSv/y]

Path 10 Year 20 Year 30 Year
External 6.01x107 8.62x10” 9.62x10°
Inhalation 2.57x10™ 3.84x107 4.46x10™
Deposition  4.90%10° 7.04x10° 8.40x10™°
Suspension 1.99x10° 2.87x10° 3.42x107
Ingestion 251x10° 3.45%107 4.04x10°°

Total 6.01x107 8.62x10” 9.62x10”
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Table 5. Radiation dose evaluation results for each
nuclide in non self-shielding PETtrace NBS03 concrete

[Unit : nuSv/y]
Nuclide 10 Year 20 Year 30 Year
%co 3.74x10° 5.61x10° 6.63x10°
Bies 4.52x10" 4.52x10' 4.52x10"
Py 1.65x10° 2.29x10° 2.26x10°

2G4 855107 1.19x107°  126x107°
ey 1.93x10" 2.68x10" 2.92x10"

SFe 4.22x10° 4.55%10° 4.59x10°°

2. Magnetite and steel <12 E

Table 63} Table 79 Magnetite and steel =12 E
of thgt 10 em zolell 3Pt
vebWlith 244 219 & PETtrace =
W A7 9 ZAFL 217} 6.06%10° pSy,
6.82x10° uSv, 7.14x10° pSvE LFEFSTE & Fo] u}
£ PAAES Frked S w YMne] AR o)

M Ekem, 7he <

eSS

SRR

ALY AtE
10, 204, 304

o] 3.25x10% pSv

2 599 glol et 1 o g PAEE
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) H]—/K]-}\—]F'J:O] 7+

T T dUHoE )L &L 9
A A= Fo] A= A9
Zow AztEt
A3} Table 87 Table 9 YEFY
w A7F v E N
10° pSv, 6.19x10° pSvE L}
AgS 37k 27 60Co
o, 104, 209, 3049 S
A7F A F AT

, 3049 S T EE
& 4.94x10° pSv, 5.83x
Foll wh2 AL

=3k

7He S w “Cooll o3
uSv, 2.45%10° pSv, 2.60x10° pSvE LEbT).

Hol7] mwEQl

Table 6. Radiation dose evaluation results by exposure
path of self-shielding PETtrace Magnetite and steel

2l

1.94x10?

[Unit : pSvly]
Path 10 Year 20 Year 30 Year
External 6.06x10° 6.82x107 7.14x10°
Inhalation 13ox10t 17axi0t 1sex10
Deposition 376x10°  423x10° 44410
Suspension 150x10°  170x10°  1.78x10°
Ingestion 262¢10°  2.88x10°  2.96x10°
Total 6.06x10° 6.82x107 7.14x107

Table 7. Radiation dose evaluation results for each
nuclide in self-shielding PETtrace Magnetite and steel

concrete [Unit : nSv/y]
Nuclide 10 Year 20 Year 30 Year
%co 1.70x10° 2.14x10° 2.30x107
Bies 5.43x10" 5.43x10' 5.43x10°
B2y 4.48x10"" 7.16x10" 8.59x10'
%264 178x10"7  285x107"7 3.42x107
ey 1.17x10" 1.75x10" 1.94x10"
SFe 5.32¢10” 5.74x10” 5.77%10”
*Mn 3.25%107 3.25%107 3.25%107

Table 8. Radiation dose evaluation results by exposure
path of non self-shielding PETtrace Magnetite and steel

concrete [Unit : pSvly]
Path 10 Year 20 Year 30 Year
External 4.94x10° 5.83%10° 6.19x107
Inhalation 1.40x107 254x10" 2.74x107™
Deposition 401x10° 474x10°° 4.99x10°°
Suspension 1.61x10° 191x10°  2.00x10°
Ingestion 240x10°  410x10°  4.16x10°
Total 4.94x10° 5.83x10° 6.19x107

Table 9. Radiation dose evaluation results for each
nuclide in non self-shielding PETtrace Magnetite and

steel concrete [Unit : pSv/y]
Path 10 Year 20 Year 30 Year
%co 1.94x10 2.45%10° 2.60x10°
Bies 6.25x10" 6.25x10" 6.25x10"
gy 3.89x10" 8.35x10' 1.01x10°
264 268x10"7  434x10"7 525x107
By 1.34x10" 1.93x10" 2.23x10'
PFe 1.66x10” 8.60x10” 8.65x10”
*Mn 172510 1.72107 172510
IV. DISCUSSION
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