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Table 1. Representative Daedeok Nuclear Facility for Radiological Dose Analysis to the Public.

oA dTd 29

s SR A8 9AE (HANARO Research Reactor)

U224 (Reactor Hall)
- QA2 Z3gE FFE (Reactor Concrete Island)
- A E QAR Bl ZARIAIE AL F5 (Radioisotope Production Facility-Trradiated Material Examination Facility)
- HZEF5 (Sub-stack)

. AT ABAPAIA (Post-Irradiation Examination Facility)

= MR 7] EA] 2] A1 (Radioactive Waste Treatment Facility)

= A 2]AlA (Natural Evaporation Treatment Facility)

» 037 EAPAIA (Solidified Waste Test Facility)

= 7}AAE 7| E2]8]A]A (Flammable Waste Treatment Facility)

» ATEE A8I}FAA (Nuclear Fuel Fabrication Facility for Research Reactor)

T AA4HARTE 2B

. XA EY YA H7)EREAAE (Radioisotope Waste Management Facility)

TN A= AL

v AAAGIIFAD AAR1F (Nuclear Fuel Fabrication Facility for Commercial Reactor 1)
v AAAGIFAD AAR2F (Nuclear Fuel Fabrication Facility for Commercial Reactor 2)
= GEI|AA (Pirolysis Facility)

Table 2. Gaseous Radioactive Effluents Released from the Nuclear Facility in Daedeok Site from 2010 to 2012.

Environmental release (Bg/yr)
Source Nuclide Release Mode
Zone 2010 2011 2012
“Ar - 7.16E+09 5.25E+10
5 18 1.28E+05 3.08E+05 1.41E+06
eacltlc’r 122y - - 2.09E+05
Ha 133 _ _
| 2.46E+05
°*H 2.89E+11 4.22E+11 5.45E+11
“Ar 5.52E+09 3.47E+09 3.80E+09
®Kr 9.22E+08 - -
H RCI* 18 1.20E+05 1.18E+05 7.41E+05
A 132 Elevated Release
" | - - 4.68E+05
A °H 2.18E+12 2.39E+12 3.40E+12
R 8Kr 4.36E+11 5.15E+11 3.98E+11
o) 3 2.75E+08 1.25E+08 4.87E+08
N gy 3.06E+05 1.38E+06 8.08E+05
RIPF/IMEF som
Tc 2.79E+08 2.79E+08 -
Mo 1.11E+05 1.18E+05 -
°H 8.69E+10 1.57E+11 2.60E+11
18 7.02E+07 9.56E+07 2.35E+08
Sub-stack oomTe 3.40E+06 - 2.16E+06 Ground Release
Be - - 8.64E+04
N 8Kr 8.67E+10 3.14E+11 1.13E+12
PIEF 137 Elevated Release
Cs 8.51E+01 - -
; ¥cs 5.33E+02 3.57E+04 -
RWTF B Ground Release
Be 8.53E+03 - -
NETF' °H 2.66E+09 4.35E+08 1.22E+10 Ground Release
q Hcs 5.06E+02 2.32E+03 -
SWTF B Ground Release
Be 5.83E+04 4.48E+04 -
FWTF a emitter - - 8.48E+01 Ground Release

*RCI: Reactor Concrete Island

"RIPF-IMEF: Radioisotope Production Facility-Irradiated Material Examination Facility
TPIEF: Post-Irradiation Examination Facility

SRWTF: Radioactive Waste Treatment Facility

"NETF: Natural Evaporation Treatment Facility

ISWTF: Solidified Waste Test Facility

“FWTF: Flammable Waste Treatment Facility
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Table 3. Gaseous and Liquid Effluents Released from the Nuclear Facility in KEPCO NF from 2010 to 2012.

Environmental release (Bg/yr)
Source Nuclide Release Mode
Zone 2010 2011 2012
a emitter 7.90E+04 1.57E+06 8.48E+04
CR1* - Elevated Release
B emitter 1.41E+05 2.83E+05 2.42E+05
a emitter 7.77E+04 5.76E+04 7.18E+04 )
Gas CR2' - Mixed Release
emitter 27TE+ 33E+ S1E+
B 7.27E+04 7.33E+04 5.51E+04
a emitter 5.62E+02 9.68E+02 1.71E+03
PF* - Ground Release
B emitter 1.21E+03 1.39E+03 3.34E+03
CRI* a emitter 6.73E+06 6.23E+06 4.03E+06
Liquid B emitter 4.73E+06 3.35E+06 3.95E+06
cRo* a emitter 1.67E+07 1.12E+07 1.34E+07
B emitter 8.97E+06 5.64E+06 5.96E+06

*CR1: Nuclear Fuel Fabrication Facility for Commercial Reactor 1
"CR2: Nuclear Fuel Fabrication Facility for Commercial Reactor 2
*PF: Pirolysis Facility
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Fig. 1. The three-years averaged wind roses (2010 to 2012) observed at the height of 10 m, 27 m, and 67 m above ground.
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Table 4. Annual Atmospheric Dispersion and Deposition Factors at the Maximum Exposed Location.

2/Q [sec m’I (#QF lsec m?" Q)P [sec m* D/Q ™

2010 2011 2012 2010 2011 2012 2010 2011 2012 2010 2011 2012

H |Reactor Hall 834E-06 7.27E-06 7.52E-06 8.28E-06 7.22E-06 7.47E-06 8.106E-06 7.09E-06 7.38E-06 1.31E-08 1.42E-08 1.10E-08
1[\\1 RCI 1.43E-05 1.20E-05 1.20E-05 1.42E-05 1.19E-05 1.25E-05 1.38E-05 1.16E-05 1.22E-05 1.80E-08 1,91E-08 1.54E-08
1}? RIPF-IMEF  6,37E-06 5.67E-06 5.79E-06 6.33E-06 5.64E-06 5.76E-06 6.27E-06 5.57E-06 5.71E-06 1.03E-08 1.10E-08 8.31E-09
O |Sub-stack 4,27E-05 4.32E-05 3.70E-05 4,22E-05 4.28E-05 3.60E-05 3.89E-05 3.94E-05 3.37E-05 2.24E-08 2,1GE-08 1,98E-08
PIEF 2.98E-05 2.73E-05 2.80E-05 2.95E-05 2.70E-05 2.83E-05 2.71E-05 2.48E-05 2.060E-05 2.31E-08 2 25E-08 2.03E-08
RWTF 5.11E-05 4.73E-05 4.00E-05 5.00E-05 4.68E-05 3.96E-05 4.60E-05 4.31E-05 3.64E-05 2.45E-08 2 14E-08 1,97E-08
NETF 4,067E-05 4.73E-05 4.00E-05 4.02E-05 4.68E-05 3.96E-05 4.25E-05 4.31E-05 3.04E-05 2,22E-08 2 14E-08 1.97E-08
SWTF 4,067E-05 4.73E-05 4.00E-05 4.02E-05 4.68E-05 3.96E-05 4.25E-05 4.31E-05 3.04E-05 2.22E-08 2 14E-08 1.97E-08
FWTF 4,67E-05 - 4.00E-05 4.62E-05 - 3.96E-05 4.25E-05 - 3.064B-05 2.22E-08 - 1.97E-08

NFFF-CR1 2.56E-05 2.35E-05 2.44E-05 2.53E-05 2.33E-05 242E-05 2.33E-05 214E-05 2.23E-05 2.25E-08 2 20E-08 1.97E-08
NFFF-CR2 4.47E-05 4,59E-05 3.72E-05 4.43E-05 4,54E-05 3.68E-05 4.07E-05 4.18E-05 3.39E-05 2,01E-08 1,96E-08 1,74E-08
PF 4,32E-05 4.38E-05 3.74E-05 4.28E-05 4.34E-05 3.70E-05 3.94E-05 3.99E-05 3.41E-05 2.22E-08 2 14E-08 1.97E-08

KEPCO
NF

*x/ Q: Dispersion factors are not considered both radioactive decay and plume depletion,
f(X/Q)Di Dispersion factors are considered radioactive decay only.,

+(x/Q)DD ¢ Dispersion factors are considered both radioactive decay and plume depletion.
§D/ @' Deposition factors

Gaseous
; ( Piulm‘) ( Deposition to ground j ( Inhalation ) ( Food ingestion _j
radioactive effluent
o ( Shoreline deposits ) (.‘i\\-imming)
. .qlu Crop/water/aquatic food/
radioactive effluent - . groundwater ingestion
( Water surface activity )

( External exposure ] [ Internal exposure ]

Fig. 3. Exposure pathways from radioactive effluents considered for radiological assessment.
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Fig. 4. Maximum individual doses and the ratio to regulatory standards from the operation of Daedeok nuclear facility.
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Fig. 5. The effective dose and its contributions according to the exposure pathways (2010 to 2012).

43 JOURNAL OF RADIATION PROTECTION, VOL.39 NO.1 MARCH 2014



T v T N T
24x10° | —m— Dose [mSv] Plume & Contributions [%] 4 0.15
. e |
L6x10” e H0.10
8.0x10° | I S e 40.05
gz — 0
1.2x10° | L Ground - 4 0.007
. L R eemmmmmmmmmaaoos ---.'-"'-"".'" . —
— 9.0x10” | T <0006 =
P E
= e [ _,.-"'-‘ e
= 60xi0 —_— 40005 &
2 —— =1
£ - =
= goxi0? F Inhalation =1
z e 430 F
E\ : _;‘_,..-.‘_= =
£ a0x10” | _— 427
o o -
10 n =""' - 24
2.0x10° | u
. "
12x10” F Ingestion . 74
9.0x10 . .
3 [ P— ,_.""’_, JTTILE
6.0x10° e ——— " Tt -7
X g 70
1 M | " 1
2010 2011 2012
Years

Fig. 6. The thyroid dose and its contributions according to the exposure pathways (2010 to 2012).

4 =5 Tlesith di71ERdAeh AHIA ARk
Ay, st PAHISEE XOQDOQ AAEEE o] &3kdlaL, ZAP Y dAde
5

U GRAFe] FEAYS WA B Fa BEY AR vd AGANE 247 ENDOS-Go}
3 oJeFe nlAle HFolglon, 3dzke] FEMTO| W ENDOSL AFHlmeg Asshelch. PAleEehds)

PE PlAE

B FAEE AFEFATE 53640, FRAZ) 36460 A B A Al 20122059 RPYE 7IFA} wlmet A,

2 eyl EpAe] AALRAARE olg Ao ele

ARADR AFAES AT JERA BE A4 A1EAe] 3% ool Ao Frhsle] Bl v
A

AN BAEE AR FFEES AAZTDAN  Fo] v He Aoz IFY. ARHoR, AHE
FR/A Y, AR FREE g AEARE Jow o £9OR Qg Fule] WEIFL nn|g o el
= WhsEe] AAE 2la o] 60% oS UEhl  HomM MAMIREE Bl 7dA 2 FuiSe) ok
on, FHNE, 585 AFd I3 YRIE o o] 13| 4ZH o BeEch
ettt 1 9] R EaEe uje o} JrjHoz ¥
A 7Fsatsiet. a2

FEAGE TAFRERC] 0% oY JlodEtgle B AT weizdsirel AxEeldsdsle) 4

el

o, AR G5l 93 Voees AdiFos v 37 ZIAF Ao 2 FHEASUCLE (FARE: NRF-
EJet, o]2fdt wE kel ek T o] o= H;FEL]  2012M2A8A4025914 2 NRF-2012M5A1A1028803)
WEd g A oA ] As, AT el 5 ek

3 el 7lelge A
L @FAYATL, oY A4 BaNEe] 29T

ARA #7487 (20108 H), KAERI/CR-383/2010,
L EE 2011,
2. YA A Ys], WAAEE Fofl B3 T b

N

2 AFolxE A2 37 YAy AxEAEAA HebAYE]. A A2012-295. 2012,
g9 ¥Ye=Ry TAHE VAY/AAY fFEesel 3. oME, 7w iR Fdu zAPIH Aved
o3t A4 FFH7E At olF S8 AW $4 ZE.  KAERI/TR-1592/2000,  gF=Qxt2d7Y
e A4 A8 7S ke g sk Hoizfel 2000,
o FEAR 373 S7MIRE WUReIIAL, 24 A 4 257, 258 HIF ARAAE AAS 93 sh
NERR, BENF, 712/ AA o wE Akl gt 71 2 ARFI AR WAMIYd W7h KAERI/TR-

JOURNAL OF RADIATION PROTECTION, VOL.39 NO.1 MARCH 2014 44



3803/2009. St AAFE AT, 2009.

. Jun BJ, Lee BC, Kim MS, Estimation of aluminum

and argon activation sources in the Hanaro coolant,
Nuclear Engineering and Technology, 2010;42(4):
434-441,

the HANARO stack, Third International Conference
on Advancements in Nuclear
Measurement Methods and their
Marseille, June 23-27. 2013:140,

Instrumentation
Applications.,

. Kim MS, Kim YC, Kim JU, Park SJ. Investigation of

6. Kang YH, Lee DS, Kim HM, Kim BG, Kim HR, gasification rate for several radionuclides dissolved

Shielding consideration for advanced fuel Irradiation in HANARO pool water. Journal of Nuclear Science

experiments, Journal of Nuclear Science and and Technology. 2008; Supplement (5):698-701.
Technology. 2008;Supplement(5):66-69,
7. Kim MS, Jung HS, Park SJ, Hong KP. Improvement

of data processing of the tritium monitor installed at

Radiological Dose Analysis to the Public Resulting from the Operation of
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Abstract - This paper describes the results of assessment of radiological dose resulting from operation of the Daedeok nuclear
facilities including the HANARO research reactor, which has been performed to assure whether or not to comply with the
regulation standards of the radioactive effluents releases. Based on the meteorological data and the radiation source term,
the maximum individual doses were evaluated from 2010 to 2012, The atmospheric dispersion and the deposition factors of
gaseous effluents were calculated using the XOQDOQ computer code. ENDOS-G and ENDOS-L code systems were also used
for maximum individual dose calculation from gaseous and liquid effluents, respectively. The results were compared with the
regulation standards for the radioactive effluents presented by the Nuclear Safety and Security Commission (NSSC). The
effective doses and the thyroid doses of the maximum individual were calculated at the maximum exposed point in the
Daedeok site, and contributions of exposure pathways to the radiological doses resulting from gaseous and liquid radioactive
effluents were evaluated at each facility of the Daedeok site. As a result, the maximum exposed age was analysed to be
the child group, and the operation of HANARO research reactor had a major effect more than 90% on the individual doses.
The main exposure pathways for gaseous radioactive effluent were from ingestion and inhalation. The effective doses and
the thyroid doses were considerably influenced by tritium and iodine, respectively. The gaseous radioactive effluents
contributed more than 90% on the total doses, whereas the contributions of the liquid radioactive effluents were relatively
low. Consequently, the maximum individual dose due to radioactive effluents from the nuclear facilities within the Daedeok
site were less than 3% of the regulation standard over 3 years; therefore, it can be concluded that radioactive effluents from
the nuclear facilities were well managed, with the radiation-induced health detriment for residents around the site being

negligible.
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