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* Technical Seminar for Carbon-14 Monitoring History in the USA by Dr, Man
Sung Yim from North Carolina State University, Korea Electric Power Research
Institute, August, 2008,

Ao fXIEAY, HAMRES, STl SFder), LARMZAl, Carbon-14

oA Mgt vs =4 JA5HE Al7I7F =k
(1. whebrs] A=A A Carbon-147F Bl EEolEh=
oI Lkl T Zuaba kel mlx|= o] mln]
aolaz, o]oll wel F7 o= Carbon-140] thak vl E7EA|
oF S7EAle] o do] wokth, Iy, s A=)
o LR Ah F HRAAHELS AT o UEs=
710l FERAL, o] 2 By e] e s
%] ES471AG A A
A 4 A =k, ol u}
2} g o] At JHgle]l dAH wiEEE e
2} Carbon-149} 22 A<=9] HIEPIAM W& 59
F8L FH o= FolAA HIAE. §H HAMAAS
7lee] o R AgAs) Carbon-14 22 AF9] H
EFAREA L] el Alg Yol qot
20000 o] U ddoA wiEE AP REEl
ofgt U FRle] FFAP T SHoA BFEAFo]
U FFE29d 25 Ao Jev 9] 2d5dd ot
2} sfinict ok th27)E s S oMIEd] ofgh
WZo] gl A Eardol o3k vZalade] YA
Flo] AA v]Zaaba k] 80-90% ool o]2al Q)
(2,3]. A U SF2LRAA Carbon-1401] et v &
AAE AlFRE 19989 ol HA| WE HF FolA
Carbon-147} }AJsh= H|&2 0.5% w|vhe 2 vehtal
ATk 2™ 19996l Lol Carbon-142] 3%
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o] AA W= oF 0.7% AER Yehskont o 3
Foll o3k A Frlel thgh IS LAPIFES 30% 717}o]
o o] o] ATH2,3). o] SHE nesiE ul B
2AH & e} BAAAA Carbon-148 FHAIE
B AAA L Fag HFol A 4 gk ddkEnt
AHe] AP REE A 9 F1 AFETeAN
eaasl Catbon-14 FL & AFLTE 1 T2
7go] FZAHI Qlrtk. wEbr 2 =F2 AP oA
HHEHE Carbon-14¢l] el 9]=e] 7|4 HuA e} =&
< HEsto] Ado] MAbdFEE tig viEdeet &
73 dF7el oigk AIZA S V1A WS Akt
et o5 nigo R Ao WAIREE T sl
Carbon-14 ¥iZEZIA| ] BV3/dS AlAlekarat shqict.
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2. "]=2] Carbon-14 ZHA188H(1970-19803th)

1970t wlzolMe dA=—TAIZI R (Al Atomic
Energy Commission: AEC)®| Carbon-149] thdl ZFAIE
LT3A] 7kl AR dHeA Aoz
Carbon-14 ZHA|E 33}k, o] A-$ Carbon-14 =
o] AT EHS GALE IAEEE o]83te] W
3] Yxle] EHol| vlgste] AbEstth4l. o] Aol uf
2" 1000 MWew 7F}I7A423 (Prsssurized Water
Reactor: PWR) ¥eA 7k 5-7 Ciy', B79] H|5AS
23 (Boiling Water Reactor: BWR) Y& o4& 10 Ciy"
Awe] Carbon-147F A= o] WEHEHT Frkstla,
o] & TARE Carbon-149] ZHAE F38td}. ol2lgt
WEE Bl B9 e 10808} VIR AT
As]ollr] b BIAfolx] FABHA A= ATHSI.
o] gt Carbon-142] ApHA Q1 ZhAJol| thal GA| ml=r
o) ARTAIRE 4ol o] B EAFHL gl %
2 F9o Waste = Carbon-142 <13 YHA v
& Cabon-146] AR Aohrh g Holohs
AFS AABIAL JAHS). =, dHoA WEEHE S
7k 10 Ci WREe R wnjstal, 53] Aol Al
AN AF HAoA PAAE Carbon-149] F$7} v o}
A o]lZ QI FEHALATE FAE folge AES
gla AeH1s) oo wlE] AR E T (Environ-
mental Protection Agency: EPA)oJlA] %%7] Carbon-14
o] 7t AL AVER oY, B e A3} thek
sk Jrhe Fal DAY AEAde] BEsitet sk
AR, ol WL FHHT I oA 1981\ dof HWZHE
Carbon-149] 77348 H7}ol| 3 BNz Fd3t
AES Y2l qvH6,71. oF Af=E 19709 v= ¢
AEAZ R WA REE #E ARAR
(Regulatory Guide 1,21)& 7RAsH= #A oA Carbon-
17h AR E3EA] ke Ao FekElrhs
v EPA HIANE HFIEF7|AA (Uranium
Fuel Cycle Facilities)o] A0 2 9HAY3= Carbon-
140l 9ot 7A7F e 747 A o3| BAys=
Carbon-14°] 2J$t 7A7Fd&Fa} v|wste] FrkstelaL, ol

ok
=
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£ 2712 A sk gvks 71ed 275 AXE
3 QJuH7]. =, Carbon-l4+= 7IJAAFE ASF7IAA
(LWR fuel cycle facility) 4] 25 Ci(GWy)", 714 AG5=
AZ A A A (LWR fuel reprocessing facility) ol 4] 830
Ciy' (18.4 Ci(GWy)"), PWR AZol|A 5 Ci(GWy)",

WR A7 10 CIGWy)" A= B Aow 37}
atoict. ¢k o] Al ellA] MASHE Carbon-14 51813
o7 VTR AsAA g AT BWR HHE o4kt
2, PWR A7 &slrart = shetglolegal ghslal
Ut 2-H LA ol A W ASkE Carbon-14 ©] 2]
o] z}Ao] oJn] EA|E}= Carbon-14 WAT} ZEA|7ko|
Cosmic rayoll <8 4x10° ciy', AA wEZ
(Inventory)¥ 3x10° Ci AEZ Hrpst vt wahA]
1945326 1974744 Carbon-147} wiid t2f 10" o]l A]
10° ciy’' BAEAR, dMEe]E 6x10° Cizt AAEAA
Ao ek ok, oleid AAAeIn el 1
232 22 10 ey,

T3l EPA R34 o4& Killough 2dl-g #-835le] o
wkele] MRS Jauste ety ol ol
W= v2 98 ARl SRS Carbon 142 23]
dgielo] uE wkg 4 Qle JHRIS] HA Aef =k
(Individual whole body lifetime dose) <F 0.002 mSv
(0.2 mrem) AER FIIIL o], $F410] ela] A4
&&= Carbon-149] A1 Ao =] 0.91 mSv (91 mrem)
oF 3o ogk Al Aol 0.11 mSv (11 mrem)
of vlg] <Al ¢ mmldk Aow Hrista gtk 53
ARkl H=Fg7E SHolA B A A EAY st
= Carbon-149] &3+ HW  JlelAHF(Maximum
individual dose)o] W3] PWR] 7<% 0.0048 mSvy'
(0.48 mremy'), BWRe] #< 00086 mSvy' (0.86
mremy )& H7F}AL §lo] Carbon-14] WAL JgF
o] whe- vte-g gIB QIHG,7 L o F 1% & 20

SR

Table 1. Average World Wide Individua Total Body 70y Lifetime Dose
Equivalent due to Carbon-14 Rel eases.

Average Individua Total
Carbon-14 Source Term Body Lifetime Dose
Equivalent (mSv)
USLWR Nuclear Industry Rel ease 1976-2000 0.002
World LWR Nuclear Industry Release
0.0067
1976-2000
Cosmic Carbon-14 Produced During 0,028
1976-2000 ]
Cosmic Carbon-14 Steady State 0.91
Nuclear Weapons Testing 1945-1974 0.11

Table 2. Maximum Individual Carbon-14 Total Body Dose Equivaent for

LWR Fecilities.
Facility Total BOd{mDS(\)/yS%)EqUI vaent
LWR Fuel Reprocessing Facility 0.016
BWR 0.0086
PWR 0.0048




Ralpases of 14 fo the

Cosmic C-14 Steady State Y

Nuclear Weapons Testing C-14 (1945—1875)

Cumnulative Atmospheric Ralease (kilocuries)
s
U

' 1 1 L L L 1
1975 1980 1985 1950 1995 2000
Year

Fig. 1. Comparison of cumulative releases of carbon-14 to the
amosphere.

g 1970-19801 ] Y FRIAE SHedlx B2737}
29} viAlgl AR GMYPA]E(Activation and  fission
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W EES A weloz Fudde 243 gi
shack. Ao Bol 21d Falilsrel A4S solAuA
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o Fo Al Fo] HAT. 53] HFGol g Ful
Mol A vehk=v, ol Z¥le FhUAot A

Al AHANMNE FARBHA YRt Qeh2 31 weba] FR11
AFH7 N AerihsE Qd9E 22837 2 9
FARE PJrrE JoH3. o]} Y& Wiile AFEA
Zlee] R olg F T tigt HAAESH
(Lower Limit of Detection: LLD)= A& 0 2 7FAsa

et

3. #]=2] Carbon-14 ZFA] (19903t o] %)

n|= A ellA= EPAY vl AA}E1A| 9] 93] (Nuclear
Regulatory Commission: NRC)2] Carbon-14 7+A|8] 7 o]
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gk V=4 YFIe SHHoRE AA|Z] Carbon-14
AAE S8 10-12], vl T g Y
¢t ¥2lE(Indian Point unit 3; IP3) YA A= 1980\d
) Carbon-14 Al A AH=E FRIXEk Hrlel 7|2 g
oz geste] Fu glE Aow el f11,12],
33 FEZF(Fort Calhoun) YoM E 1980Wdd)
Carbon-14 7HA|E =83lt}7} USNRCS} &elstol] WA}
AREE W3 S Tkt

1980t IP3ollAl= B Holl AA 9d AMdREE
% Carbon-149] W& 3}8+3S FA3FIrH10. L
A & WEFL 9.6 Ciy o3, T2 WEA2ZE 7)A
A B (Gas decay system)¥F PAE @ HxAE w7
A%¥(Containment & Auxiliary building ventilation
system)o|2kaL 8133 k. s}t (714 CO7F 26%,
Hydrocarbon®] 74% o|™, JdH] M&H 2= 7|4 W=7
2o ogt F]ZukAbAREe] 5% wvheletal AEuE|a 9l
ot olgfgt A AHE vid Falshs FRlA T vhdst
Toode 112, FudEgslas J1RAPeR
Regulatory guide 1,21 @ 1,109 o|-&3}j o™, tf7]8
AR 8.96x107 smPE AMEEEAL, A WEFH0.6
Ci) T HA SHAHRE vhdst o)ikslebio] vl& 26%
ol 2.5 CiE& FHIAZE Axlzcd J#Est9al(Default
value), 21 ZA¥} Carbon-14 AFHE 213t AT FHoj
R 2(Maximum  individual dose)< 0.0025 mSv
(0.25 mrem)z}i AL Yl Qv

o3t nj=r¥ A 2] Carbon-14 Aol Wgk 7]&=
A2 2001 ml=e] AR EETE 2AFQ] RETS-
REMP(Radioactive Effluent Technical Specifications and
Radiological Environmental Monitoring Programs) ¢ =
AFol] WFEE Ken Sejkora(2001) WE A5 2z JeER}
ltH13], d7]el wha® PWR AAA oF 7.5 Ciy(COx
20% A%, Hydrocarbon: 80%), BWR QoA 9.5
Ciy (COx 95% oPh= WEEHy Al ZAjsh=
Carbon-149] F& A1 WARIELR Qlal] WA eHA
ke HAIskal lt}al(Insignificant dose impact) A&
AL ek, g AA| WA 71552 Carbon-149] €]
& SNSRI T vl Gl /)] AP
7% %2 Catbon-140] B]3] 5% ol vh$- o} A
& soleha wel ek

ol21o] FAEH % e AT EA RGN E
Carbon-14 k7] WEPEE AR Sl £]8 AR
s Qedae mefero] AR ek ool 5
3] 19 H7|EA]EAH(High-level waste disposal site)
oAl Carbon-14 &S H7fsksct. 1 Ad 7HA|713E
(eF 10,0008 31#) Carbon-14 W&E=Z A|F7¢ QIzto] vk
T AL A4S (An appreciable global popula-

1 Technical Seminar for Carbon-14 Monitoring in World NPPs by Hee Geun
Kim, Korea Electric Power Research Institute, 2001,

¥ Personal Communication with Steve Sandike from Indian Point Nuclear
Power Plants Unit 3 about Carbon-14 Quantification and Reporting Methods,
2000,

# Personal Communication with Nguyen Trung from Fort Calhoun Point
Nuclear Power Plants about Carbon-14 Monitoring in USA, 2001.
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tion dose, 14 million person-rem), 7|4 w9 vt
2 Ao Z (0.0001 mSv or 0,01 mrem) H7}sFaL T},

HZ n|=FoAE Carbon-142] 7HA|8HE E3tojklof T
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I HASEZ gefslry] wlitel FRA HkA ol &
Zw8] Estr] o Hoke S Hela qiok =gk o
o] wiEde] AlSolA olitsleie} gslras 2
sto] A (Sampling)dl7] o1§7] wiitol 2327}l
3 AlgAdo] HEslthes oAdS AABIE ok, 3 ¥
7% oltsletav) AEE HolHe HE&(Hele)E B2
7] wiell AR rtellA a7t whEtkes YAdoltt. 53]
olxkgletaE A& 87](Growing season) ot B
sha8-8 AX AEARZ HolH7] wiie] 8717} ohd
Aol WEd A9 TR dE 7]oshA] Kslhth=
A FAEES £ Uk T3k v)5 Aol A8t
© FUAFH A H (Regulatory guide 1,109)-2 ZHoj 7l
¢l(Maximum individual) 7J\3& A=Al o] o=
28 AFEe] At R4S 7L vk o4s
UFs]aL lehiel ]9l 7] 1970-1980dth WA
7]&o] Ho} Carbon-14 4 Ao 2lg]/de] wietrial
1 olf-E Bhela Ut

sk 37)ef o] A|&A Q1 Carbon-14 7HAIe] H QA
o] A71Eel uke} 2008 Regulatory guide 1.212] 7173
ZQtollA] Carbon-140 sl A= o2 A5kt
(17]. 2=} 20099 71 E A A= FAIEE A
Carbon-145 A|<]3FATH18. =, 7N 2ol WA
Z=°l et T8 A F A Carbon-145 E3F3FH S
U, A= 714" AH oM+ Carbon-149] v 7Aoo
Sk AT ZAIAF tigh 3 ofRE= AE 29AT
W& 2 oS Friete] AHES dastar gt
5 TAAME dollA =2 vl e AP 40
o3 whAEko] A ollA] WISl Carbon-149] H|s| &
A B7e sk, WARs 471 3 4 A
=9 WjEH4ARE Carbon-149] T840 FA4EHSS
33k it} 3 Regulatory guide 1,219 4o u}
g} v YA E Carbon-149] ZrAHERS A7) 9
gk =7} &k o] RO AL Qltk, o7]olX = ml= IP3
LN AT 9= 4 Carbon-14 WiEFS FRI
A= JrEgA oA aefske Wl AdHolar A
2l Carbon-14 ZAI7}F B @8tk o)7do] A171#aL St
a9 AF7HA =] AF= Carbon-14 AET, 41
AFR7t & Ao Heds agste] 1p3e] A2

Re)

§ Personal Communications with Steve Sandike from Indian Point Nuclear
Power Plants and Ken Sejkora from Pilgrim Nuclear Power Plants about the
Revision of Regulatory Guidel.21, 2008,
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o Fe& tietow AR Foll k. ofol tare F
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4, 7€} =7}2] Carbon-14 7} A]

Carbon-149]  ZHAlel]l sl P=o  FHAH(En-
vironmental Agency)ol|4]5= Carbon-14 HAM-FEE9)
gk mEsHAIE AAste] 9 Foll Atk o7lelA=
A WA S 9] 9 3] (International  Commission  on
Radiological Protection: ICRP)®] ICRP-60 HAFAHIS ¢
2o wpe} A FH P29} A 1E(Critical group)S S
2 443t 3 390 Carbon-149] wl&sHAl A4 U8

294l BWR 5ollA= Oxygen-17¢] WALS} ¥
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2 gtk 2, Carbon-142] FEE Acy = 00247 (87)
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AtH20).

w3 7R 434S v 295k e Aidttol
A& Carbon-147} A2l vla] s oz o]
A7) whitol] BAMEE Uik wEARIAE 3
e ool £k ri2al, 59l At Aae
A| 713 (Canadian Nuclear Safety Commission: CNSC)2]
Felel e Autt ARSI S ARE9 93] (Advisory
Committee on Radiological Protection: ACRP)|A+= ¢
B 2 SolF Cabon14e] A4, B2} 9E 3}
Sol o A PAANS FUsES aTae
(23], ¥ FA= o]E 483k Carbon-14 7HA|9}
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st

o

2 ol gt 2EH ol WAYL st 29 Fol
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=
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N, L

** Technical Seminar for the Management of Carbon-14 by Arif Khan from
Ontario Power Generation-Nuclear (OPG-N), Korea Electric Power Research
Institute, 2001,

1 1 Personal Communications with K. Shinohara about Carbon-14 Monitoring
in Japan, 2001,
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Table 3. Carbon-14 Discharge Limits at Various Nuclear Power Plantsin the UK.

Bradwell Dungeness A Hinkley Point A Oldbury Wylfa Sizewell A
Existing limit(TBay™) 5 4 6 15 247 5
Limit in the draft
authorization 0.6 5 4 5 23 2
(TBay”)
Critical group dose from
the draft authorization 14 12 50 86 17 38
limit(uSvy™)
Total doseto the critical
o dosstothe ant 80 165 116 191 64 174
group(uSvy ™)
5. 4=

ml=rellAl 1970-80\dtH Carbon-149] HrARAEHZ] 2f3)
& QIA3laL US EPAS} US NRCO|A] Carbon-14 7+A]<]
ool A7HJ e, AT HrER tAE
278 0] o e et o] Al sjalw
BWR el Carbon-14 ¥l&= I8 xFnlo] ks
T+ I H AeldZ(Maximum individual dose)&
0.0086 mSvy" (0.86mremy )2}l F7}atdct. @Al o
213 Hr1A39E vhedste] 1970 dt] Regulatory guide
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Research Institute (EPRI) 2 HAAGA} 5) 5L =20
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Aol Aol vl AHe] HAVe TS WY
FA ko] whdd Fort lokar AdEn, gk vs o
o] Z7follA o] Carbon-149] ZHAE&FT =)A=+ 7]
T(International Atomic Energy Agency: IAFA)9]
Carbon-14 7rA|71% F&Fol Az Ao} E4o] &
aspa B

gh o Wit Sjelld mAPEARI S 9 3] o
20073 WA S Aa19] ICRP-103S YA H A b
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An Investigation on the Technical Background for Carbon-14 Monitoring in
Radioactive Effluents

Hee Geun Kim, Tae Y oung Kong, Woo Tae Jeong, Seok Tae Kim
Korea Electric Power Research Ingtitute

Abstract - In nuclear power plants (NPPs), various radioactive materials produced during the operation are discharged as radioactive
effluentsto the environment. The activity of carbon-14, one of the radioactive effluents, in the environment isalready high level and its
effect on radiation exposure to the public and the environment isinsignificant; thus, NPPs did not perform the carbon-14 monitoring in
effluents in the past. By the way, effluents of noble gas and particul ate radioactive materials originated from nuclear fuels has been
continuously reduced due to both the advancement of manufacturing and integrity technol ogy for nuclear fuels and the improvement of
operation methods of NPPs. Futhermore, the portion of dose assessment by tritium and carbon-14 to the public has been relatively
increased because the lower limit of detection for low-energy betasources, such astritium and carbon-14, islow dueto the advancement
of radiation detection technology. In this paper, the technica background for carbon-14 monitoring in nuclear facilities was
investigated using United States technical reportsand papers. This paper a so reviewswhether carbon-14 monitoring is necessary or not
based on the investigated documents.

Keywords : Radioactive Effluent, Discharge Control, Environmental | mpact Assessment, Radiation Mornitoring, Carbon-14, Nuclear
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