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ABSTRACT

Despite of safety issues related to radiological hazards, 31 countr

ies around the world are operating more than 450 nuclear

power plants (NPPs). To operate NPPs safely, safety regulations from radiation protection organizations were developed
and adopted in many countries. However, many cases of radionuclide releases at foreign NPPs have been reported. Almost

all commercial NPPs routinely release radioactive materials to

the surrounding environments as liquid and gas phases

under control. These releases are called ‘planned releases’ which are planned, regularly monitored, and well documented.
Meanwhile, the releases focused in this review, called ‘unplanned releases’, are neither planned nor monitored by
regulatory and/or protection organizations. NPPs are generally composed of various structures, systems and components
(SSCs) for safety. Among them, the SSCs near reactors are closely related to safety of NPPs, and typically fabricated to
comply with stringent requirements. However, some non-safety related SSCs such as underground pipes may be

constructed only according to commercial standards, causing th
(*H). This paper discusses SSCs of NPPs and introduces several
regulation on the environmental radiological surveillance and
examined.

e leakage of radioactive fluids usually containing tritium
cases of unplanned releases at foreign NPPs. The current
assessment around the NPPs in South Korea are also
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. SEREEPU)Y] Adukge] Aylg WAL (radiation)
23l (daughter radionuclides)®] A=, &8l &
THBIHA HAMAS HiEE 4 k. wEbA dAE
Paao e HAMIElEe] Aol iy F8si =
AFE 717 (International Atomic Energy Agency - TAEA)
o} A AL o] 9] 4 3] (International Commission on
Radiological Protection - ICRP) 52 TA|ollA] WARA
Hs ol AHE Jpo|=E5 AAslal It Gonzalez et al.,
2007; Valentin, 2007, Amano, Y., 2011).
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HIEEE Felol weh 43 UiollA WApdEZo] &%
Z WiEEE S YE(release), A 2 7]7] Sl
PG A 22 Aol ofsl WMAMIEHo] oFE uf
S AL FAH(>eaky LAl YAF B ESA 2
A ofaf rIEAC] YRR HiEEHE s FE
(spillye]Ekar ejgitt. GubHo R AyHoz -gH
DA o Me AV &9 Tl 71A] e A
P2 rPITo] wiEEH, o]Hg 714 e A
T el FEe| Haske F J=F TelHo] HiE
=Bl (Nicholson et al, 2006; Sohn et al., 2011), °|&
Al8Z "BZ(planned release)o|Zkal 3}, 18U}, 2005
n)3r de]ieo] F2¢] Braidwood 9 FH $-Eollx] WA}
AEE T ASTACHYE AEEEA AEE] BlEse
WAY =4 o]9]e] FE(MIAIEH W=, unplanned
release)l] theh ZAP} AIREIQITE. plmoxde 2A] 9
o] Jb o)l miAIER W=l Y3t Asl 29o]
AT A g Niert 22 FoZ HuHITH(Sohn et al.,
2013).
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(Secondary system)>2 A TAAHCTHFig. 1).

S, AT LS AREShs dAtRe] FRol wet
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(BWR) 18]
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Fig. 1. Simplified diagram of structures, systems, and components of Pressurized Water Reactor (PWR). Refueling Water Storage Tank
(RWST) stores borated water supplied to reactor to cool the reactor when emergency happens. Spent Fuel Pool (SFP) stores spent fuel
assemblies to remove the heat generated. Upgrading Plant Pickering Area* is a facility constructed in PN. STEU** represents Uranium-

bearing Effluent Treatment Station in Tricastin site in France.
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Fig. 2. Schematic diagrams of different reactor types [Reproduced from the website (http://www.world-nuclear.org/information-library/
nuclear-fuel-cycle/nuclear-power-reactors/nuclear-power-reactors.aspx)].
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Aerde Hds TG SR whgol ofa)
ARE = o) TIPS RAME WALl Aol e
A Well JE BA2B), BEL), =F2CH)RE T4k
HhSol ofaff AAE 4= SlaL, iR M= A
AR AHE S5 it AT vkesi] A
A2 4= 2dK(Korean Electric Power Corporation, 1992;
Korea Hydro & Nuclear Power,
Unknown). AFerae Hlmol|XY Aldle] &4 A3 H]
AGH EoA FEH R WEEe dFoH, A=
o] gejjol] FasAl AR Wao] BAEE Zles B
aHAt Aras HERS WSS, HEkdS 37
= 5% At F oumz LHHAQ AlEe] =79
7~30 umE T} #7] whEol] oulEol= A 7lofstA] &
=t SARE F B AFE QA Wil Sols BF
Aell Fmol WRIES dogd 4 Ut (The
Korean Association for Radiation Protection, 2016).

Publication Year

3. SHLAM HIAIEK L= Al

Hl=olAlE 2005 YEli=o] 9] Braidwood AFEt

—— Reactor coolant system

2871 - A - Ak

s FHE] PEA Asravt ASE RS AVIE
= U9 EE AL HIAEE wEol digh
AL AN, 1 2AERE X3 9] viAlg
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al., 2006; US Nuclear RegulatoryCommission, 2006;
Areva, N.P, 2012; Sohn et al., 2013).
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Fig. 3. Case events of unplanned releases from various spots of nuclear power plants. Location, reactor types, event year and detected
radionuclides are shown in the boxes. The event year in Pickering Nuclear cases is unknown (Canadian Nuclear Safety Commission

2014).
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3.7. Oyster Creek

19961 9¥, Oyster Creek LHAXN= 554 e A
Z<ll(Condensate Transfer System)olX T8 LAH &
A7F 78 o g =SF=U o] Al WsPERIAIZE]
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3.8. Perry

20061 39, Perry 93] dR-FA1Z~8 (Underdrain
System)ellA Aardd) 7] WE dFo] AU
3 AFJAH(FirstEnergy Nuclear Operation Company )=
o] 4F447} 4715 (Feedwater System)e] ZA]
(FlangeelX] 719110H, o] fZ0] FxAW0le] F1ks &
3 sHAIZRIZRA] Wzt Blo = WsEsigi).
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(Industry Ground Water Protection Initiative, NEI 07-
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Mucke] 75 WAk e #HAE A= Canadian
Nuclear Safety Commission(CNSC)oll4] ©338}aL ot
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Table 1. Comparison of different reactor types

PWR* BWR** PHWR***/Candu
Reactor coolant Light water Light water Heavy water
Neutron Moderator Light water Light water Heavy water
Boiling in reactor coolant system X 0} X
Pressurized in reactor coolant system o X (¢

*PWR: Pressurized Water Reactor
**BWR: Boiling Water Reactor
***PHWR: Pressurized Heavy Water Reactor

Table 2. Tritium (*H) Concentrations in Groundwater at Nuclear Reactors in Pickering Nuclear, Canada [Modified from Canadian

Nuclear Safety Commission (2014)]

Number of Maximum Data
Facility Monitoring Concentration Comments on the Contamination Sources Year
Wells (Bq/L)
(1) Leaking concrete pit in the Moderator Purification room.
. The pit gets tritium from spills on the floor
PN Unit 1-4 Area 30 128,800,000 (2) Leaking RAB sumps receiving tritium from spent resin
storage tank.
PN UPP (Upgrading Plant Past practice of discharging tritiated water onto the ground.
L 32 888,000 .
Pickering Area) Practice stopped. No new releases.
PN Irradiated Fuel Bay A&B .. L . .
(Wells and Sumps) 13 21,100,000  Due to tritium migration from Unit 1 area and sump leaking. 2006
PN Vacuum Building Area 11 1,200,000  Due to tritium migration from Unit 1 area and sump leaking.
PN Catchbasin-97 6 108,410 Historical sources in 70’s and 80’s from Moderator Upgrader
(Sulzer).
. - Leaking sump pipes. Repaired at Units 5 and 7.
PN “B” Reactor Auxiliary 4 10,200,000  Repairs at Unit 6 were completed in 2007. Sump tritium con-

Bay (Sumps)

centration is decreasing. Unit 8 is normal.

A FHNMY =& AeTh FEs FEo Agelut
ALY Ak, e e =] AA deedA By
Al "var Harskar itk Q9 Askee dekEes
HAA FEE 2AEANH, Z2ARY il

o ot FE7t 2t Alel= fIAch. Bk, 9 el

T e AgE g=o] SAHA 7] Ml Z2Ay
e 17 Fairk 2+ AlElE $1th(Canadian
Nuclear Safety Commission, 2014).

i, srepro] A BAGA W2 oJs) Sekrol W
¥ ARPZE RaEQickFig. 3). T2 $3EWARS A
71321 Institut de Radioprotection et de Streté Nucléaire
(IRSN)oll A 23 B Ao w=w 20089 79,
Tricastin  A] <9 ¢] Uranium-bearing Effluent Treatment
Station(STEU)®] Ei=Tol|A] Z&x}e] A9} #edidu]e]
eAFOR A3 Sehrol FHE AAE FEEe] T
A3} AT 52 AL SsIgon, ol Al o]
=2 o] Aol tiifre] ZAERIZE X H o] B

Aol 2R 2008 Zgollxe DAY HIAY
2 WEo] b afol] mlal Wo] RuEHUCH, olE F
QN ARlS] LR1e X[atol] mide wlolsze] Ak, B
= 2efd Arlel] AXE oo dsle] o5k Zelitt
3 H33}31 ATi(Institut de Radioprotection et de
Streté Nucléaire, 2010).

vjz, At Se) Fjorke Aol uAEE 1
=0l o3t Al el gk Bdztqlo] AlgE oM,
YU O 2 Pump & Treat WHOZ FP=| Q). wl=a}
Mdelde edd Aelrg drate] A2zt 54l
ABAS oA 7l AAEtd edd AskEY ol B
eHo AxE wHslaL Utk Ast AR FollA i
ol A1 "= Braidwood ¥R9] 749, AerA=w
L99 ArE T AROA FstaL, 3 Ak
o] fFFS 2Esl 7129 wiEER FUYAA HEH
°oF MSHE ALY FEE VIEA oER wies
HhHo 2 A5l AJ8iEIITHFig. 4)(PSEG Nuclear

t
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Fig. 4. Conceptual diagram showing remediation process in Braidwood NPP [Reproduced from PSEG Nuclear LLC Salem Generating

Station (2005)].

LLC Salem Generating Station, 2005; Exelon Generation
Company, 2006; US Nuclear Regulatory Commission,
2010).

oIx o

[L=f )

4. LY SEYALS ZA| 8E 24
2018 @A) fefvehe SR fRREEAA 671, ¥
A AR AN 67], ] RN 47], A
3] LA 37], g AR A A 67]
5 F 25719 9HE 9 Tl A
AR Q3] 3A] A2014-125 5 DAY A
B2 A136x A2l weh Aol gAE T
APABAZAL 9 WA ERE el B 78S T4
3lar oM, Alexollx BEZAL 98-S IAISkaL Tt
SINE T X3kl tisiie deast SehE, At
FALAE v BrWth S-S spH, A5l disixe
e, A, ek, Arbslddol tiste] widnt
o 5785 sar k. At Ak o]2e] SR
oF SPART, 1ejar sidAIEel tigk WhHS SARAL
[8A IAEkaL JJom, FAZALE AAIF o FARK
S AAsie W 2 vl AA T3k aAskaL
At o] W8-S Table 30 2oF AelalAnt. fjollA
AL T FX9] RS Wkl e
713 SRS AKINS ) =2 A1
(KHNP)oH, Z¥zke] 7)gollA] TAlel]l o3l H7feh vl

J. Soil Groundwater Environ. Vol. 23(4), p. 1~15, 2018

AJelga} 11 A= Table 49 50 AF2Isar, 412
A 72 F GgRAe] A8 AAFH A A Wl 4t
ZF509 EEE Fig. 5 (a), (bl =A13AH

A Ao maw YRl G A
sk 201695 BEAIR T AFHAMIAEY ERe

ohiel ARolN 37 597k 2418 SEe) o
o] ozt vl ZBS Yeriele. 2ela S 9
Az 9 B, i S vF 9EE s,
Bics @ NSr 5 QPP B B 98 T

Bz 3

Aluk ALl 71918 Ze® Fgsllem, ol
=99t FARISItH(Korea Hydro & Nuclear

= 7]
Power, 2016; Korea Institute of Nuclear Safety, 2016).

-
X

= T4l

5. B AXHUNL FH S| ZAW)
CHaH AJAR™

r

AL Tl e] YA IR HAE
& Aatel] widE sleo]ize} o] Non-Safety s,
ika o 7pAEE] o)FolAA] ehe TN =
AsIgAtt. dAIA] Hare AARA] HAIER W= Al
A FEAoR PET WRAL AES
=8 AMIEAo] I TR 217l

v ARlE EEAIA] 24TH(Canadian Nuclear Safety
Commission, 2014; Nicholson et al., 2006). S}X|%t 1]
Zo) 7%, VA LY A TR WA=

WE

fl

=
hal
Es



“wo)l SuLIo)UOW [EJUSWIUONAUS K149 1od uosLedwoo 10J Pajodjes 9q PINOYS UOIEI0| U0 UeY) IO (2)
patoust aq ueO SINI[IOB) IBS[ONU dY) JO OUSN[JUI Y} dIBYM PSS 3q PInoys Surjduwies pue JUSWAINSESW 0] SUONRIO] Y], (T)
uostredwod 10§ suoneoo| ay} Sunodes Joj SeUIOpIND)

‘uBd00 A} JOo 9Fesn Ay

=

[e]

2 "=

fel e BiA =%

[

BuLIdPISU0D PAJoJ[as 3q pInoys Surjdwes pue JUSWSINSEIW I0f SUONBIO] YL, ()  IBOA B 90IM] JBOA B 90IM[ rwiweD ‘ng IS, spsodop auLrejN
"sons Surdwes oy ul papn[oul oq PINOYs UrRIp pue e () sojdureg
. PoIO9IS A[Iayend) ewwen ‘ng IS, SUHEN
99 pINOYSs UOPBUIUIBIUOD JO UONEOO[ d[qeqold Jsoul ay |, 1oJemeas JO MO[J U} YoM & 20uQ JOJBMEDS
BuLIdPISU0D PAJd3[as 3q pinoys Surjdwes pue JUSWAINSBIW 0] SUONBIO| Y], (D) Aquoy H, ‘@og $s010
Apauend) Apauend) BUIWERD) ‘() (QuowIpas JIoALL) [10S
IedK B 90IM], TedK B 90IM[, ewweD ‘N g IS, (104e] Te101310dNS) (10§
'SUOIIBJ0] dwes ay} 18 p[ay aq pnoys Surjdures A10Ad
pue 90 Surjdures Jo Aiqissod ‘samyeay oyderSoss ‘sjuoninsuoo Sutiojuow Ajpuoy AJpuoN BwweD N ‘He €19q S5010 Jojem oejing/uonendioald
BuLISPISU0D PAJOJ[3s 9q pInoys Surjdwes pue JUSWAINSEIW I0f SUOHBO] Y], () L JBEMPUNOID sojdureg
IS Pajodfes oq Aporendy Aporendy PUMED 11 He forem Suppuuq  [BHISSHRL
pInoys uoneurweiuod jo Ajiqeqoid y3iy Jo uonedso| ay) Ing SANI[I19e} Jed[onu o
woy A[uaAd pajdafas dq p[noys Surjdwes pue JUSWSINSEIW I0J SUORIO] Y], (T) PUOW B IM], H: amjsiow Iy
snonunuoy) ewIEn
A[guo e I
IHUON N T Oy B10q SS0ID v
*90BLINS WOI} UOHEIPRI Y} JO 10919 Ay} SuLIopIsuod jojdsseis 1o asop
[10S 3y} 9A0qe W] P[aYy oq p[noys Surjdwes pue JUSWINSEIU J0J SUOHELIO[ Y], () Apoprengy UORIpeI PAR[AWNIOY
-uonendod s1 Junyy juenodunr snonuguo)) o uoneIpel [BJUSUIUOIIAUY — UOHRIPEY
1sow Ay, -230 uonendod ‘puim Jo UOHIAIIP ‘SONI[IOR] JES[ONU WIOL) JOUR]SIP < asop
BuLISPISU0D PAJOJ[3s 9q pInoys Surjdwes pue JUSWAINSEIW I0f SUOHBO| Y], (D) [{PUON UoNeIpel [EJUSUIUOIIAUL
AKouanbaiy AKouanbai g B— BIPOIN
suonedo] Sunojuow dY) SundS[OS J0j SAUIPPIND siskfeuy urjdwes [ejusLUUOIAUY
9[94) SurIoNUOIN SwoN  JULIOJUOIA

[(1107) uoisstwwo)) A0S pue K3ojes Jed[onN Wolj PalIPojA ] BaI0Y YINOS Ul S9[0A0 pue Swoyl SULIOHUOW [BJUSWIUOIIAUD [BOISO[OIpR] 10J SaUI[opINng) ¢ AqeL

J. Soil Groundwater Environ. Vol. 23(4), p. 1~15, 2018



10

,Hmom .Nuom— SSOID n:m .W<Eo: Awonm_ umovm_ Tm_

y " ’ . SO Ny 2, "0z 00y, "0y s WA eIIED) IS
‘ ¢ ‘ g Hpout € fond 1 (8Dye1 *SOper ™iogy “©gy 0D B:EEKE:M% (uapas oAL) oS
IS, 9
Looe ? ’ ’ g B TIN5 g iy 0y 00y ey (2 SIS S
S v 8 S ATpuoy  weg SS0ID ‘e ‘(5] SOpey Tygp 0D BWWIED) uonendarg ¥ OPAH
€ z S ¥y A[ypuoln Joyem QoejIng oA
I z 17 I uow ¢ AIAF ejog SS0ID ‘He “(SDy¢; SOper Ligr 1000 BWIWIED 19)eMpUNOID)
€ z % v puow ¢ AIRAF Jojem SunjuLq
[nuey nquey Suoasjopy 110y SUONEd0|
z I I 9 I Apuop He uonendioaig
1 0 0 0 0 Ap1aend) (Tygy SO, ewIIRD 1ojem QoBLING
s Ay punode sojdwes g Jedk © Q0IM], H; ‘(8D,¢)ewiwen Joyempunoln)
juerd somod resjonu Nde/Md e
9y} punoie surelp pue sayeul wolyy sa[dwes -7 183k © 201, ng g
OVT+6ET D06 101eMBOS Kares
eroe ayp punore mﬁwﬁ%wﬂ“ﬂwﬂmﬁw_mﬁw sojdures 9-¢ Apeneno He (0Dgy ‘SO¢JEWWED J0 MMMMM
z 0 0 0 0 Ik ® Q0UQ sadojost N o103
s ayy punore sajdures g IedA ' 90UQ OHE RO :n_om\q”&ox [0S
Ndopzrsec *Sos
s oy punote sojdwes /-G JedK © Q0IM] Gl $D,¢EUIWED
jyospee  [nuey nquey Suoasjopy 110y SUONE20]
IeaAk Sunre)§ sojdwreg jo IaquinN Kouanbaig SJUSNINISUOD PAIOHUOIN BIPIIN nynsuy

(1omod TeajonN 29 0IpAH BAI0Y pue KJoJes Jea[onN Jo mnsu] 1o Aq SoNI[Ioe, Jes[onN Y} PUNOIe JUSWSSISSY PUB JUE[[IOAINS
[ed1So[o1pey [eIUSWUONIAUL SY} U0 110doy [enuuy Y] WOl POLIPOIA) B2IOY YNOoS ul SuLIoNUOW [ed1SO[OIPel [BJUSWUOIAUD 10J sa[npayds [eonkeue pue Surjdues *p d[qeL

J. Soil Groundwater Environ. Vol. 23(4), p. 1~15, 2018



11

e

s
S|

fel7d wiA

[

8TI'0~TI100 $080°0 ~ $990°0 0L00°0 F SELO0 joapae(

6250°0 ~ LETO0'0 €€€0°0 ~ TT600°0 0T10°0 F €120°0 [nuey

aN 1$2°0~ 1¥500°0 2000 ~ 786000 TS10°0 F0520°0 nqueH  (AIp-SY/bE) Ndyqe;
0¥€0 ~ 8££00°0> L6T0~ L8100 6£1°0 T 8S1°0 Suoasjom
0€H°0 ~ THS00°0> STH'0 ~ $8500°0 01Z0FSITO o3[
+601°0> LLS 0~ 08L0°0> 1€9°0~2LT0 081°0 F ZSt°0 joapae(
(8650~ L9T°0) 01t°0 TLS'0~08L0°0> LTE0~691°0> 6L0°0 F 8%C°0 [nuey

(PLL'0~0TE0) LESO 99L°0 ~ 0860°0> vEY'0~ SP10> SPI'0 T 0670 nquey (K1p-3/bg) 15
(IL¥'0~TST0) £+T0 61°T~0LLO0> 1L~ %650 9S0FSI'T Suoasjom
(bLEO~S¥T0) ¥6T0 6T'1~0660°0> 818°0 ~991°0> 95€°0FTCS0 o3[
(8'S1~90L0>) 18T €LY ~TL6'0> 0$C>~ 960> 6VOFILT joapae(
(89°¢~967°0>) 10T 18°L~ S¥6'0> 9>~ LI'T> WOFT81 [nueH

(65t ~96£0) LI'T L1'6~688°0 YTT~6L6'0> LEOF ST nquey (K1p-3y/bg) sD,¢,
(6L9°0 ~0¥T0) 81t°0 €1'8 ~ 80> LS9~ 698°0> OLTFLET Suoasjom
(6£9~99€0) ¥T'T 'L~ 01> Y6~ T8 0> 80°CFLI'E Loy

aN pu yoapae(q (7/bgur) Lig ‘sD el Jojem doelINg

pu pu saps v (Bybguw) sO,,
+89'T> 6£8°0 ~ €61°0> 118°0~S9€0 L8T°0F 6+S°0 joapae(
+L0° 1> 60'T~ 1150 201 ~8¥S°0 981'0F 1280 [nueH

+L 1> €0'1~891°0 €56'0~ Y0 €CTOF959°0 nquey (1/b9) He
(66'L~91'T>) 1T€ €11~961°0 SCT~PLEO 060 T 969°0 Suoasjom
+€0° 1> 161 ~9€L0 8Y' 1~ €01 9I'0F9T1 o3[

#xQN Jpu joapaeq (T/bgw) Ip¢; SOy
(811~091>) €87 L'8E~STT> 6£9~ 671> 08'TF9¢C sjoapae
(t'vs ~80'1>) 901 911 ~8C 1> 981 ~1TS'1 0£9FSTL uonEls IoUjeam [NUEH

618~18'1>) I'l1 L'86~58°¢ 9'8L~S8Y L61FT6C UonE)S IoyIEaM JIqUEH (1/b9) He
(179~ 80'1>) 6'8L £€89~69CT 796 ~$TE ISTF €61 uone)s 1oyjeam SUOIS[OAN
(609~ ¥0'T>) 909 €TC~ECT> L6l ~STI> WSTErS uoneIS JoIeaM LIOY

1 s o o Sy s vooiy T WORRRI0) 9107w 3By
saNs saprjonN

Iamog Jes[onN 2
OIpAH BAIOY WL} SINSY

K19JeS TeQ[ONN JO JNSU] BOIOY WOI S)NSIY

(K193eS JeajonN Jo 21nsu] BAI0Y Aq SANIIOR,] JES[ONN Y} PUNOILR JUSWISSISSY
PUB Q0UR[[I2AING [BIISO[OIPEY [BIUSWIUOIIAUL U} U0 10day] [enuuy Y[ WOL) PAYIPOJA) BIOY] YINOS Ul 9[()Z Ul s} nsal Juriojiuow [ed130[01Ipel [BIUSWUOIAUL JO Arewiwng °§ J[qeL

J. Soil Groundwater Environ. Vol. 23(4), p. 1~15, 2018



12

pautu)e 10N AN s PO JOU pU

Iamog Jes[onN 2

OIPAH 210 WOl SHNSY

K19JeS TeQ[ONN JO JNSU] BOIOY WOI S)NSIY

90~ 1610 970~ LTTO 9000 F S€T0 [nueH
TET0~861°0 0£T0~91T0 #00°0 F 2TTO yque
QZ _ Smom\smowm
¥8T°0~LOT0 1420~ S1T0 LOO0 F 9€T0 Suoasjom
€LT0~S0T0 9T0~1€T0 €00°0 F6£T°0 1oy
€r6~187 €SS ~TY IY0F 66t [nueH
TSP~91°¢ €91 ~199 VEFLIL nquey
aN . . . . e (K1p-33y/bg) L
611 ~T6C 86'L~ 1St PIOF 619 Suoasjom
W6~60€ I'ST~€5°€ 8CEFI9L 1oy
(98'1~20'1SE'T 6€8°0 ~ SSE0> 60'T~559°0 9S1°0 F #88°0 [nueH
LTT~9%1DL6'T vET ~9%€ 0> 0S'T~SLLO 8TOFST1 yquey
(By/bgu) 1§, 1ojemeas
(T€1~829°0)786°0 9% ~ 950> 00T ~SLS0 8210 F 908°0 Suoasjom
(80T~ €19°0)£68°0 0L'T ~8SE0> 0T1~TCL0 810 F L68°0 oy
(96T~ S0 1>)6€'1 ST16~LIT0> 60'1 ~0S1°0> 6VT0F TIT0 [nueH
(6°09~ 18 1>)0v"9 YL ~09t°0 '€~ LECO €6CFOLE yquey (1be) 1
($°€€~801>)$8°C 966~ ¢€01°0 €I~ 1820 L'STFSII Suoasjopm ¢
T~ 666'0>)79°T €77~ 0880°0> $'61 ~ 0090°0> PO EFSOT 1oy
(99°7~66L0) ¥9'1 €8°¢>~ €0 1> 68'1~9¢1 IT0OF YY1 [nueH
(6L 1~82L0) €T 61°€~L680 €TT~LIT 9T0F8S1 nquey
) . ) ) ) . ) o @vbgun) s,
(cLz~12D) 81 YTE~ L0 T> €ST~6b1 YT0F86'1 Suoasjom
(FT€~9€8°0) 80T 88T~ €L60> SST~S0T> 0€0F 261 Loy
(8'LS~8+0) 9°Sh I'LL~TYT 6'TE~ 19T 8TFH0E (K1p-33/bg) N,
(€6T~LST TWT 11°¢ ~€98°0 ST ~0£9°0> 00€°0 T 6¥6°0 sj0apae (KIp-39/bg) N,
(996~ L0 SSp T8L~LET 1'2€~L9¢ TTFS6T (AIp-3/bg) Mg,
9070 ~ 0LI"0 L810~T81°0 €000 FS81°0 3j0apse( 108
v61°0~1¥91°0 8L1'0~€LI0 €000 F9LI°0 [nueH .
an 181°0 ~091°0 PLIO~ELT0 100°0 F ¥L1°0 yquey Nd e Ndgye
S81°0~S91°0 ¥81°0~T81°0 100°0 F €81°0 Suoasjom
S8T°0~0LT0 610~ L8T°0 €000 F061°0 1oy
Axm—ZZEEv 910C sreak § uedal E o3uer uonenuad’uo) 90T ut ow.mg®><
ul 9)Is 9y} punore 93eIdAy  oFuBI UONBNUIOUOD)
Soug sopIjonN

panunuo)) °s dqeL,

J. Soil Groundwater Environ. Vol. 23(4), p. 1~15, 2018



el AgA e 9 dhere] ST %

o

A 13

e

Table 6. US radiological environmental monitoring program [Modified from Meinke and Essig (1991)]

Exposure pathway and/or sample

Sampling and collection frequency

Type and frequency of analysis

Direct Radiation

Airborne (Radioiodine and Particulates)

Waterborne (Surface)

Waterborne (Ground)

Waterborne (Drinking)

Waterborne (Sediment from shoreline)

Quarterly

Continuous sampler operation with sample
collection weekly, or more frequently if
required by dust loading

Composite sample over 1 month period

Quarterly

Composite sample over 2-week period when
I-131 analysis is performed; monthly com-
posite otherwise

Semiannually

Gamma dose quarterly

Radioiodine Cannister: I-131 analysis weekly
Particulate Sampler: Gross beta radioactivity
analysis following filter change; and gamma
isotopic analysis of composite (by location)

quarterly

Gama isotopic analysis monthly. Composite

for tritium analysis quarterly

Gama isotopic and tritium analysis quarterly
1-131 analysis on each composite when the

dose calculated for the consumption of the

water is greater than 1 mrem per year. Com-
posite for gross beta and gamma isotopic

analyses monthly. Composite for tritium anal-
ysis quarterly

Gama isotopic analysis semiannually
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Fig. 5. (a) Sampling location in Wolseong NPP in South Korea [Reproduced from Korea Hydro & Nuclear Power (2016)]. (b) Sampling
location near Wolseong NPP in South Korea [Reproduced from Korea Hydro & Nuclear Power (2016)]. (¢) Sampling location in
Palisades NPP in U.S. [Reproduced from Ellegood (2009)].
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