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 Three Mile Island Incident (1979)
« Chernobyl crisis (1986)
« Fukushima accident (2011)
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€ Mo 980l 2 g7 o 20| 92 WAL 3 (TAEA-TECDOC-1092)

Nuclear
accident
scenario

Reactor
meltdown with
or without
failed
containment

Reactor
meltdown with
particle
containment

Nuclear fuel
reprocessing
plant release

Plutonium fuel
reprocessing
plant release

Radionuclides of importance

In the first day In the first week
(Radionuclides with half-lives of 6  (Radionuclides with half-lives of Long term
hours and greater) about 1 day and greater)

Rh-86, Sr-89, Y-90, Y-91, Nb-95, H-3, Sr-89, Sr-90, Y-91, Nb-93m,
Zr-95, Nb-96, Mo-99, Tb-160, Nb-95, Ru-103, Ru-106, Ag-
Ru-103, Rh-105, Ag-111, Pd-112, 110m, Cd-113m, Cd-115m, Sn-
Cd-115, Cd-115m, Sn-121, Sb- 121m, Sn-123, Sb-124, Sb-125,
124, Sn-125, Sb-127, 1-131, 1129, Cs-134, Cs-137, Ce-141,
Te-131m, Te-132, 1-133, Cs-136, Ce-144, Pm-147, Tb-160, Pu-238,
Ba-140, La-140, Ce-141, Ce-143, Pu-239, Pu-240, Am-241, Pu-241,
Pr-143, Nd-147,Pm-149,Pm-151, Cm-242, Pu-242, Am-243, Cm-
Sm-153, Np-239 244

Y-90, Sr-91, Y-93, Nb-96, Zr-90,
Mo-99, Rh-105, Pd-109, Ag-111,
Pd-112, Cd-115, Sn-121, Sn-125,
Sb-126, I-131, I-132, Te-131m,
Te-132, 1-133, 1-135, La-140, Pr-
142, Ce-143, Pr-143, Ba-146, Nd-
147, Pm-149, Pm-151, Eu-152m,
Sm-153, Sm-156, Eu-157, Np-239

H-3, Rb-88, Sr-89, Sr-90, Y-90,

Sr-91, Y-91, Ru-103, Ru-105, Ru-  H-3, Sr-89, Sr-90, Ru-103,
106, I-121, 1-123, 1-132, 1-134, I- Ru-105, Ru-106, I-131, I-133,
135, Cs-136, Cs-138, Cs-139, Ba- Ba-140, La-140

139, Ba-140, La-140

H-3, Sr-89, Sr-90, Tc-99, Ru-103,
Ru-106,1-129, I-131, Cs-137

Sr-90, Nb-95, Zr-95, Tc-99, Ru-103, Ru-106, 1-129, I-131, Cs-134, Cs-137, Ce-141, Ce-144, Pu-238, Pu-
239, Pu-240, Am-241, Pu-241, Cm-242, Pu-242, Am-243, Cm-244

Pu-238, Pu-239, Pu-240, Am-241, Pu-241, Pu-242
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s 2 (Badkpadk) 018 SHZAR BHAL

HPGe Nal(T1)

s s B
20m Ii.éfxfl o

LaBr;:Ce 10

Cs-137 Of| A X| S| M 2| 24F

%ot = £H AN

HPGe: ~ 25 kg "l LaBry(Ce), NaI(TI):
(22 37h) ~ 9 kg
<Journal of Environmental Radioactivity 135 (2074) 54-62>
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e « A two-point in situ method for simultaneous analysis of radioactivity

In-situ in seawater and sediment/ Journal of Radioanalytical and Nuclear Chemistry,
2019, in press.

—+ In-situ CeBr; gamma-ray spectrometry for radioactivity analysis of soil/
o Journal of Radioanalytical and Nuclear Chemistry, 20109.
o

In-situ—4 ¢ In-situ gamma-ray spectrometry for radioactivity analysis of soil using NaI(Tl)
and LaBr;(Ce) detectors/ Radiation Protection Dosimetry, 2019.

— X|EH AN YAHYSHE 0| CiSH NaI(Tl), LaBry(Ce) X CeBr, HE7|2| MDA
HlW H7l st AL 7| =<3, 2019, in press.
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| e NHETT)
LaBr,(Ce)

10¢ CeBr,

103

Counts
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Sk MDA: (%1 1F2] © =) Nal(Tl) > LaBr,(Ce) > CeBr,
ARFALA] 31 5 (40K, 208T], 214Bj) 3 7} in-situ/ sampling <5%

(Lee et al,, 2019)
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€ =301 YA 7101 o HE B ZH(LL 2016)

1e+6
& 4  Gamma-ray energy spectra (3600 s)
o \-
1e+5 A ,ge L
¥ ’i\/
gt o>
1e+d - C?' ©
+ @
A%
AN R
B 1e+3 -
S \r’
3
O 4er2d /
Ref. 30%
HPGe
Te+1 - |
Cs-134 “ |
Cs-137 m ‘W
1e+0 ] ) .- . .
1e-1 , . . | |
0 500 1000 1500 2000 2500 3000

Energy(keV)



P =2 anEeryed
KINS KOREA INSTITUTE OF NUCLEAR SAFETY

U=, 2016)
Activity
Nuclides Unit
HPGe NaI(TI) LaBr;(Ce)

134Cs Bg/m? 2050 + 30 2200 + 40 2150 + 70
137Cs Bg/m? 11400 + 80 13500 + 1800 11000 + 300
40K Ba/kg 156 + 4 176 + 6 <850
208T] Bg/kg 4.13 £ 0.01 4.27 + 0.19 <35.8
214B] Ba/kg 15.4 £ 0.5 13.1 £ 1.6 <160
214pp Ba/kg 15.1 + 0.1 <26.2 <363
228c Ba/kg 11.6 + 0.1 <26.9 <421
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Calibration Factor for Field Measurement
0.07 Detector ID:
g v REF 20% Input parameters
%_ 0.06 - A REF 30% Relative detection efficiency(3)
g o REF 40% 30
8 ©0 REF 45% Detector crystal geomtry
v 0.05 Diameter(mm) Length(mm) Length/Diameter
o 62.5 39.5 0.632
@)
N
5 0.04 1 Efficiency correction factor
[ o
g Calibration factor
= 0.03 A
Gy—
[ Energy(keV) Eresh deposition* Uniform
o s p( flnlw’)) ue) distribution** u%)
:.3 0.02 Ps per (cps per (y/kg))
& 200 0.0017503 15 0.0465 15
‘.u] 0.01 1 300 0.0013450 15 0.0393 15
500 0.0009785 15 0.0328 15
T 700 0.0007980 15 0.0299 15
1000 900 0.0006854 15 0.0281 15
Energy (keV) 1100 0.0006069 15 0.0268 15
1300 0.0005487 15 0.0258 15
ofF = RHIT ML O-” H'<'5 X O-" -| | _l | o8 1500 0.0005040 15 0.0249 15
EY S rEEX MR Cfet Mo|HX[Io| 2 2=
1700 0.0004686 15 0.0242 15
1900 0.0004398 15 0.0236 15
2100 0.0004154 15 0.0231 15
2300 0.0003937 15 0.0226 15
2500 0.0003731 15 0.0223 15

*o/p(cm’/g)=6.25

*a/p(cm?/g)=0 by Byﬂn, 2016
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Relative activity

L alp=625cm? gl
\ Relaxation depth = 0.1 cm
\ Soil density =1.6 g cm ™!

\
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I 2] 2
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Effective efficiency (CPS per (y/kg))
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254 © Effective full energy peak efficiency
SR
& MDA

Normalized values

T T T T T T
15 20 25 30 35 40 45

Relative efficiency(%)

g VS. normalized e,, g &
137Cs0f| CH 2 MDA

2.712 i
(e Iy MT)Z

~

Ty

with 95% confidence level

50



Relative activity
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0.6 4

0.4

0.2
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5 . E o v REF 20% 251 © Effective full energy peak efficiency
— - L 06 A REF 30% o '
\ Ot/p - 6-_25 cm= g T 008 o REF 40% 5 VDA
\\ Relaxation depth = 0.1 cm & 0os] CORETASR L g
\ Soil density =1.6 g cm ! S o] % o
\ é 0.03 E 1.0 4
o z -
\ % 0.02 -
2 0.5
N TR ‘ . ‘ ‘ . ‘
0.0 0?2 -0’;_77L _:6 * t;s * 1.0 10‘00 Relative efficiency(%)
Depth (cm) Energy (keV)
X EH A& Mol cfst g VS. normalized e,, iig &
Mo X Do|la & 137Cs0f| T2 MDA

& SE% MDA BHE QX Cypaler) = 0.957-0.0119 £5+6.78X 104 £52
% 30% AHS S(ez)2 HPGe 2|0l it MDA(Z2I KA =8), T,,=3600s.

X2 el MDA (Bg/m?)

(Z=AF X[ E =) 131] (364.5 keV) 134Cs (604.7 keV)  137Cs (661.7 keV)
E () 50~87 44~85 49~80
ZX| (4) 62~78 54~73 63~70

OIAZE = Z232[E (4) 58~71 52~59 57~60

50
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- Sampling analysis

Simulation
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0.30 4

0.25 4

Mass*efficiency

0.15 A

\ —————— 95% Confidence Band
\ — — —  95% Prediction Band

500 1000 1500 2000

... Erergytkev)
Sl A2 T K HAls &AM Z3F H| W
Site No KO B AMs&E (Ba/kg), k =1 In-situ/
' In-situ 24 ABRE 2 | A=A
1 11.3+1.1 10.4 + 0.4 1.09
2 10.8 + 1.1 10.6 + 0.4 1.02
10.5 + 1.0 11.2 + 0.4 0.94
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s¢ 20| (Buoy) 7|2t in-situ sl

MDA 37}

0.22
0.20 MDA (Bq/kg)
0.18 e 131 SLES

— s 15 2 £ | 24 AlZH 5H
— Cs

0.14 -

131] 2.0 0.022
0.027

0.10 4

005 | 137Cs | 2.6 0.027

0.06

0.12 4

MDA (Bg/kg)
o
D
O
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CeBr; and Acetal housing 3 0

CeBr; 4= 7| O| & dlf=
BAs A AL E

(Lee et al,, 2019)
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1000
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600
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400
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———Detector height of 5 cm Full energy range
Detector height of 12 cm :
40K
l o

Wbt g
"

1000 1200 1400 1600 1800 2000
Energy (keV)

5cm % 12 cm 0|0 SH =
CeBr39| AWK ZHOFM O X | A E
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| 10| SN E|H =10} ofj =~ & Ot E 0
[ =8 & MO X|IZ|o|= A=~ H

/1 O —

} =0 11t 200 S FOoHX|I|0|2 A(==) H

=0| 11 20| M ol N E[H= T #0r=HZ 0
CHotY =8 & Mo|HX|I(0|2 Alx(==) H

1 O -
(AM=dl0]4d)
#0| 11t 20| M Sff~ F A OHZ 0 CHSHO
SdE HoHX|Io|=2 A (7E&) H
(AMl=d0]44)




& six=x

o X SHMENZF

[l ¥ in-situ ZHOSHS 2 A

Z= 400 CH3B in-situ I A|Z2AHZE 2 AT H| W@

[ A | ﬂ-i‘?ﬂ)?r@'.‘.’_l’a)lé‘%

o YAl WKO| HAtS =& k=1 In-situ tHE
T In-situ & & AMEXF B AMEXF 24
off
(Bg L1 11.4 + 2.5 11.1 £ 0.3 1.03 + 0.23
SHMEX=
(Bq kg-1-wet) 575 + 29 636 + 5 0.90 + 0.05
&= Ooff LA K] MDA (t=3600 s)
-1 O
eV oH== (mBq L-1) S E[XE (Bgm-2)
131 364.0 634 521
B7Cs 661.6 634 423
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