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There are many cyclotrons compared to the land area of the Republic of Korea. Because GMP certification is
required and the nuclear medicine test does not apply for insurance, the number of examinations for nuclear
medicine is decreasing. Therefore, there is a high probability of early decommissioning of the cyclotron.
However, we do not unusually perform the radioactivation evaluation on concrete that can be classified as
radioactive waste during the decommissioning of the cyclotron. In this study, we aim to confirm the
radioactivation in the concrete surface using Handheld Radionuclide Identification Devices (RIDs).

Because there is no cyclotron being decommissioning in the Republic of Korea, it was impossible to perform
the coring of concrete for radioactivation analysis. In this study, we used the KIRAMS-13 and analyzed the
concrete surface in the target direction in the cyclotron room. After setting the target direction as the center,
radionuclides were measured for about five months at thirty points with vertical and horizontal intervals of 30
cm. We used the RIIDEye(Detector: Nal(Tl) detector, manufacturer: Thermo) in this study and set the
measurement time per point to one day (24 hours).

Co-60 and Cs-137 were detected in some measurement points, and we confirmed the radioactivity of Co-60
detected at the most points. As a result, we found that the radioactivity of Co-60 was high in the diagonal
direction (from the lower-left direction to the upper right direction) based on the center of the target. However,
we think it is impossible to apply the corresponding results to all cyclotrons because we performed the study
using only one cyclotron.

In thirty measurement points, we could confirm the radioactive nuclides and the relative radioactivity using the
results of portable nuclides analyzer. Therefore, we expect that we can use the portable nuclides analyzer to
select the coring position of concrete during the decommissioning of the cyclotron. Also, if we secure the
radioactivation data for several years, we expect to make a more accurate estimate of radioactive waste during
the preparation period of decommissioning of the cyclotron.
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Table 1. == 102t =2 PET/CT dAle gt

o} =¥ Zpe o] B W& HlES AR A& o T
SN Afe] SREE 0 7]k tAF Ao gl A )
2 Srayst 23 AR AR AR 22 A
7= 0.25~1m, 1.5~ 1.8 mGl O, o it 2w 3 of| T3k &
% % WASE B M St ghis Ao 2 glek)
gk FU o] A Al EREES HU 9 oS 913 aiA
Atel|Rt EAslo] AA A0l Alo] SR EE A HH-> A
ah7) hth. WeEbA, Afo| 2R E R A A] i WAL
7|22 A5 2k o] 2 E f A 3 o s
AN} ATHE Bt AlZ o] el .8 W) ghrh
=& AlO] 2R EE A A& Fol Al 2R EE A A
Y 7Hsg W72 2| S E w7l ETAelE
ZEE 4 target 1A H7| B2 EFT 4= 912, HPGe 4
Z£71& &85}t 9F 15~20cm 7/ 0] 9] Z 3 2| E sample U] W
AP AES B3 AT ¥Na, “K, 'PEu, “Co, “La, “Mn,
134Ey, 1Ce, Cs7t A& Q'Y T3, TRIGA Mark IT 4
A2 FEZAFS E3] Ordinary concrete?} Barytes concrete
O AP S A9 A 3k T8} 2Tk Table 2).9

Table 2. Z32|E RAE AE WAIHHS
zage A2E PHeE
Ordinary 24Na, 42K, 46Sc, 47Ca, 51Cr, 54Mn, 55Fe,
concrete 60Co, 65Zn, 152Eu
Barytes 24Na, 46Sc, 59F¢, 60Co, 65Zn, 85Sr,
concrete 131Ba, 133Ba meta, 133Ba

ofof) 3 Ao A= Fol& HE RS ALgalo] 2
A% Ao] 22 2] KIRAMS-13 Target HHako] 4 o] 2}
o sl BEES SRIste] P A ZREER A
Sample coring $1%] 4174 B WAL T 7] & WA o] 52 ¢

3 7|22 S FET A B

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Test 1V 51 60 46 36 22 11 7 16 13 9
Test 2 ? 5,043 3,896 3,826 3,574 1,003 1,262 1,350 1,254 1,395 1,014
Test 3 Y 423 343 355 331 355 342 362 189 207 143
Test 4 ¥ 74 131 147 55 1 2 0 0 0 0
Test 5 59 60 43 25 3 1 0 0 0 0

1) F-18 FDG PET/CT Brain
3) F-18 FDG PET/CT Whole Body
5) RTP PET/CT H-5-(Chest)(Z G A 1| A]-&)

2) F-18 FDG PET/CT Torso
4) RTP PET/CT F-E(Abdoman&Pelvis)(Z 3 A 0] A-)
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Table 3. FUHSHESEAT| Al

B2 ¢Lo] A AFE-3E RIIDEye (Thermo) At = =3
text TFA ¥ A8 E R 9} A-S A FshaL Jlek(Fig 2). 2=
AR Aol A & text oA 7} AW E S FASko] S A H

A& YA AL BASH A} 30712 =24 = Akt

7] WA *éﬂ%o] Co-601} Cs-1370] A&H A H& 7221
70, 147K 2] 74 ©] 91 th(Table 4). T3k, Co-602} Cs-1370] “5-A|
o A& AL 87 A Ao gt

7 e 2 Fol| A AEH Co-602] 27|49 Z A A 7H
2 -8-510] Co-609] A< A4t At Target S4=
7202 92 ol A 25 sl Al e R
HPAbso] 2 Ao & 2}lo] | 9ltt (Fig. 3).

‘ 30cm ‘
1 2 3 4 5
6 7 8 9 10
30cm

13
11 12 (Target 14 15

wsh

150 cm

16 17 18 19 20
21 22 23 24 25
26 27 28 29 30

(b)

£ 21, oXHHEI2|E) SALSHS £ 11-

Model
(Manufacturer)

RIIDEye (Thermo)

- Detector

: 2"x2" Nal(T1) Scintillator
- Energy Range

:20keV ~3 MeV

- Spectrum Channel

1 1,024

- Size

:32cmx25cmx 15 cm

Specifications
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| File: 13.ANS Date: October 08, 2019 16:51:03

|LT: 86,400.00 RT: 87,066.27 DT: 0.8 %

| Library: REMTECH.MDB

?Librar}' efficiencies were ignored

ENUCUDES FOUND WITH HIGH PROBABILITY

| Co60 5270Y B- Cor Coeff. = 0936

|NUCLIDE  RAD CENTER GROSS NET ROI

| ENERGY INT (keV') (ents) (cnts) ASSIGNMENT

| 1173.2 999 1191.74 421596 + 649 61070 + 20899 Cob0@1173.2

13325 100.0 132257 342113 + 585 82000 + 19362 Cob0@1332.5
(a)

Table 4. ZHXIHE AEE YAEAS

TE MBE Text I (b) SEXIFE A

fru
o

rin

B B o o B B0l

o e

24 A4

1:101— /\]_/K(-)]

=
[e]

o

1 Co-57, Ce-139, Cd-109 16 Co-60, Sr-85, Ce-139, Cd-109
Co-60, Sr-85, Co-57, Ce-139,
2 Ce-139, Cd-109 17 a0
3 Co-60, St-85, Ce-139, Cd-109 18 Co-60, Sr-85, Ce-139, Cd-109
Co-60, Sr-85, Cs-137, Ce-139,
4 Sr-85, Cs-137, Ce-139, Cd-109 19 Ca10
S Co-60, Sr-85, Cs-137, Ce-139, 0 Sr-85, Sn-113, Cs-137, Co-57,
Cd-109 Ce-139, Cd-109
. Co-60, Sr-85, Co-57, Ce-139, N Co-60, Sr-85, Cs-137, Ce-139,
Cd-109 Cd-109
Co-60, Sr-85, Co-57, Ce-139,
7 109 2 Co-60, Sr-85, Ce-139, Cd-109
Co-60, St-85, Co-57, Ce-139,
8 109 23 Co-60, Sr-85, Ce-139, Cd-109
Co-60, St-85, Co-57, Ce-139,
9 109 24 Sr-85, Cs-137, Cd-109
Co-60, St-85, Cs-137, Co-57,
10 Co139, 109 25 Sr-85, Cs-137, Ce-139, Cd-109
Co-60, Sr-85, Sn-113, Cs-137,
1 Co-60, St-85, Ce-139, Cd-109 26 Co139, Cd109
Co-60, Sr-85, Sn-113, Cs-137,
12 Co-60, St-85, Ce-139, Cd-109 27 Co139, Cd109
Sr-85, Sn-113, Cs-137, Ce-139,
13 Co-60, St-85, Ce-139, Cd-109 28 a1t
M Co-60, St-85, Cs-137, Ce-139, 2 Co-60, Sr-85, Sn-113, Cs-137,
Cd-109 Ce-139, Cd-109
15 Sr-85, Cs-137, Co-57, Ce-139, 30 Sr-85, Sn-113, Ce-139, Cd-109

Cd-109
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