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A2o] M Seo] uEZE(Exposure pathway)Z %_5]] YoM Hx2 23 ZxH Operatmg targets)H} 93+ &
A B Z S 9ulet 2= ot} waka] Yo wiEEs © R SRElEEE AAske] 29skaL JlrH4 Sl ol
WA frE=ol o3 < 41‘5 =ulo] gt WA nZE  F TFELAY Sl 249 292 dSuE
o] geHo s BA 7153 PA|(As Low As Reasonably o= L% SFEAM e 5P, Hoh AAG
Achievable: ALARA) FA|H =2 #alstr JrHil, =3+ AP E RS HEE HE 2AR oJAZI,
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TTELAY VAV REES dRdE W] =
55 S8l wiEEHsT, wiEAIA A
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S A SR e & 160l €4 137]9] ARE
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ERfATH4,5). SR, A AP oo P EE
olvf 71 WAMIERS] sEE ek, WA Al
A AMEES] SEE AR E BARAAIAIG
(Radiation Monitoring System: RMS)o] A Xx| % o] Ut}
ol 94 137] AR AIE Y] AAGEA 9 A
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Table 1. Sampling, Radionuclides, and Lower Limit of Detection of Radioactive Effluents from a PHWR (Wolsong NPP Unit 1).

Monitoring Locations or Systems Sampling Sites Frequency Radionuclide LLD(Bgm™®)
o _ Gamma 1.85 x 10*
Sampling Sink Before Discharge 3 -
- H 3.7 x 10
Liquid Waste Tank 3
Area for Representative Month Pure Alpha 37 x 10
Samples Quarter 8gr, Pgr 1.85 x 10°
Basement of Turbine Gamma 1.85 x 10*
Steam Generator Blow-down Water o . . Week
Building Sampling Sink °H 3.7 x 10°
) o ) o Gamma 1.85 x 10*
Turbine Building Sump Sump at Turbine Building Month 3 -
H 3.7 x 10
Gase_ous Efﬂgent Monitor Gaseous Effluent Monitor Week Gamma 3.7 x 10
(Particulate Filter)
Gasgous I_Effluent Monitor Gaseous Effluent Monitor Week Gamma 3.7
(lodine Filter)
Gaseous Effluent Monitor . 3 4
. Gaseous Effluent Monitor Day H 3.7 x 10
(Tritium Bubbler)
Gaseous Effluent Monitor . 1 4
(Carbon-14 Bubbler) Gaseous Effluent Monitor Month C 3.7 x 10
Containment Stack Gaseous Effluent Monitor Day Gamma 3.7 x 10°
Table 2. Radiation Monitoring Systems at a PHWR (Wolsong NPP Unit 1).
No. | Monitoring Systems Channel Operation Type Detection Range Alarm Set-point
1 Fixed Area Monitor | Area Gamma Rate Continuous 10" ~ 10° mRh* Depending on the Adjacent Dose
2 Airborne -Trltlum Airborne Tritium Batch 0 ~ 3.7x10° Bqm® Depending on thg Airborne
Monitor Concentration
Noble Gas Continuous 7.4x107% ~ 7.4x10* Bgcc? 2.2x10" Bg-Mevd™
3 Gase&’snifgluem Particle Continuous | 1.4x107~ 1.4x10" Bacc® 2.40x10° Bg-MeVd™
lodine Continuous 5.9x10° ~ 5.9x107 Bgcc™ 1.44x10"° Bg-MeVd™
. -2 4 -1 10 -1
Gaseous Effluent Noble Gas Continuous 7.4x10° ~ 7.4x10" Bgcc 2.2x10™ Bqcc
4 | Monitor at Reactor Particle Continuous | 1.4 x 107 ~ 1.4x10" Bqcc™ 1.3x10° Bgcc™
Building lodine Continuous 5.9x10° ~ 5.9x10° Bgcc™ 4.1x10°* Bqec™®
Liquid Effluent Liquid . e 3 4 .
5 Monitor (Pure Beta, Gamma) Continuous 7.4x10 7.4x10° Bgcc ECL x Dilution Factor

v, ekl MEkizel wiEder|lee HA

TflellM= 20033 o] F ICRP-60°] =) AAF &
of] vked=]o] Algig ol JUth7,8l. o]ol we} WA 7}l
WSk EAEARWDI ICRP-G02] A5 |
e 7Eo 2 HAEHYoH, AMIW S HOZ o] Wy
I wWroll A4S = F-aAF(Effective dose)o] &=L
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centrations: MPCs)7} Bj&#2]7]|F(Effluent  Control
Limits: ECLs) 0.2 W7 =o] 20| HA =, u573}
N 1AS]) B R WIEATHT, oleld Lurel A
geie) WEHeEe 2R 2read FEiEe
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A9 97)ER|Z M (Technical specifications)2} 2 <t
AXEA B 04 (Final Safety Analysis Report: FSAR) %
of WhF = ATH4,51.
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oMol HEZARE TeEle Al2HEMHO R 77
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AFTEHE HA HYFHET=MPOE 7FL
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o Zatel] el WMo E HAAHE Hs|_EE
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EMargin) & 7] FE Ao] QbHolet, dg ol
ol fEalEEA HAEL olelsl ol APgTTHI

ECL/(or MPC!)

DRL! = 1
a X/Q )]
DRL, = ECL,(or MPC}) X F )
o171A,

ECL, MPC; = ¥71/F5NA g% o] wiEde]7]
Z 2o AYs| 5= (Bgm”)

X/Q = 718112 (sm”)

F = W&HEA 52 (m’s )

SEICIPARS: RS ES 4
z5]o] olAo] ¥ES F= RE HER=E velshs W

Holtt, &, AP o] wiEE F Sl o3 W]
&, EFA whe o9 E, 48 do] w53 A%

S
of g WHaFE 5 ofF Bt JRE(Pathway) g &5
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S 25 AR o Jow, AFA= digh sz}
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ANZEEAHS o] g3fe] YoM WEEE WA
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SE, 44 2 FYel o
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e AFT=HE
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Rb,;=001DRL, (20043 o]%) (©6) stQcH4,5]. 714 BAPdREECl dd fFEmEdAe
1 39, A PAEFEE Hg Sl £ 4
Rbyr=005DRL, (20044 ©]%) @) ol ZAIkdTH4,51.
Table 3. Derived Release Limits (DRLs) for Gaseous Radioactive Effluents at Wolsong NPP Unit 1.
Radionuclide ECLs for D_ischarge DRLs
(Bgm™) Bgmonth™ Bay™
Noble Gas 4.7x10° (Bg-MeVm®) 1.35x10" (Bg-MeV) 1.6 x 10" (Bg-MeV)
*H 3x10° 8.75x10" 1.05x10"
3 3x10° 8.75x10" 1.05x10"
Particle 5x107 1.46x10" 1.75x10"
Table 4. Derived Release Limits (DRLs) for Liquid Radioactive Effluents at Wolsong NPP Unit 1.
Radionuclide ECLs for D_ischarge PRUS
(Bgm™) Bgmonth™ Bay™

*H (HTO) 4x10’ 2.92x10" 3.48x10"
B (All Compounds) 3x10" 2.19x10% 2.61x10"
%7Cs (All Compounds) 5x10* 3.65x10" 4.35x10"
134cs (All Compounds) 4x10° 2.92x10% 3.48x10"
%sr (Etc. All Compounds) 2x10* 1.46x10" 1.74x10"
¥Sr (Etc. All Compounds) 3x10° 2.19x10" 2.61x10"
%Co (Etc. All Compounds) 2x10° 1.46x10" 1.74x10"
“9Ba (All Compounds) 3x10° 2.19x10" 2.61x10™
“OLa (All Compounds) 3x10° 2.19x10" 2.61x10™
%Ru (All Compounds) 1x10° 7.30x10" 8.70x10"
%Zr (All Compounds) 8x10° 5.84x10" 6.96x10™
%Nb (All Compounds) 1x10° 7.30x10™ 8.70x10™
%4ce (All Compounds) 1x10° 7.30x10" 8.70x10"
%Zn (All Compounds) 2x10° 1.46x10" 1.74x10*
%Fe (All Compounds) 4x10° 2.92x10" 3.48x10™
Total Beta-Gamma Activity 5x10* 3.65x10" 4.35x10"

Aol 278 =l Aol 2
Aol vlEHE]E <o t71gaklIAte} A ARk
o] T a3 Bigoltt, EAUAY FF7IEAIAAY HF
FANRARIAS W GFERRIA Q) 8.64x
107sm™S  Hg3keieh4,5. @, 7]7192Hl5E(Com-
ponent Cooling Water: CCW)2] g4 FaFe 7Hzt
8.7x10" m’y'#} 7.3x10" m’month™& A-835}4IcH4,5].

ol S AAY FEuiEeA 4RI vw
FlUcle] Point Lepreau, Gentily, Bruce-A, Bruce-B,
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Pickering-A, Pickering-B, Darlington oA = A
freee] A% #eE e LA AR =
HiEeAlE 288 dAste] gskaL givHiol 71A %
AFEE dEiME F5718 AT A(Tritiated
water vapor), 2297}2~(Noble gases), £ 2=, ¢
ALY & (Particulate), Carbon-14 5ol thal] 2435}
I3k Aol A s AT RE F5UIE Ak
FA(TWV), Heel vl ¥AS(Gross  beta-gamma
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59 & 60l YERYATHI0).
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Table 5. DRLs for Gaseous Effluents (Including Elemental Tritium) in Canadian NPPs.

Nuclear Generating Tritium” lodine-131 Noble Gases Particulates Carbon-14
Station (TBa) (TBa) (TBg-MeV)* (TBq) (TBa)
Point Lepreau 4.3x10° 9.9 7.3x10° 5.2 @ 33x10°
Bruce-A 8.8x10" 12 5.0x10" 21 5.7x10°
Bruce-B 9.3x10* 13 1.2x10° 25 6.0x10°
Darlington 4.6x10* 3.3x107 3.1x10* 9.4x10™ 1.5x107

(HTO)

4.6x10°

(HT)"
Pickering-A 7.0x10" 2.2 1.7x10°* 1.2 1.8x10°
Pickering-B 7.0x10° 2.2 1.7x10°* 1.2 1.8x10°
Gentilly-2 4.4x10° 1.3 1.7x10° 1.9 9.1x10?

* Tritium water vapour (HTO).
+ TBg= 1012Bq, TBg-MeV (Terabecquerel-million electron volts).

+ Derived release limit for elemental tritium (HT) resulting from the tritium removal facility at Darlington nuclear generating station.

Table 6. DRLs for liquid effluents in Canadian NPPs.

) . Tritium” Gross beta-gamma activity Carbon-14
Nuclear Generating Station
(TBa) (TBa) (TBa)

Point Lepreau’ 1.6x10° 1.2x10" 3.0x107
Bruce-A" 4,5x10° 5.8x10™ 1.1x10
Bruce-B 6.0x10° 4.9 9.1x10
Darlington 8.8x10° 2.6x10" 6.0x10°
Pickering-A 1.7x10° 2.0 2.6x10"
Pickering-B 1.7x10° 2.0 2.6x10"
Gentilly-2 1.2x10° 5.3 1.0x10?

* Tritium water vapour(HTO)
+ The derived release limit for tritium in liquid release at Point Lepreau

is higher than for the other nuclear generating stations because the effluent is

discharged to sea water, thus eliminating the drinking water pathway to humans.
+ The liquid DRLs for Bruce-A provided here are based on one condenser cooling water pump operating. Other liquid DRLs are available for 2, 3 or 12

pumps operating.

7t Axdo] DRL A A= ICRP-602] ARkl A
T ImSvy & 71FE0R saL Qlvk. AL Al2H
RS H83tH, syttt EFE3|(Canadian Standard
Association: CSA)ollA] A|dg FEn]EsHAl ARkl
CAN/CSA_N288.1-M87& 7|=o& skal IvH10,11]. &
A, Mt 97e] A= HAAE DR ti3l 5s%E 97
o =R Fo R HdAgsto] wiEded A8 Foll
[10]. 7ivbet o] DRL A3 & 59 & 60 YE}
WAt

oA, Aed AAA (Tritium Removal  Facility:
TRF)A F=2 WA= 948 A5 (Elemental
tritium) o] =il EgHAl ol il Z2AkekSlct. 71A| BAMS
Bdel A AEraAANEE e9E s
Darlington YA e41E 4.6x10° TBq (4.6x10"7 Bg)= A
Aaka 1ol ofE Yo E TRFE 35t A
7] wizel 94% Aesrad e fFriEAE A
3k ¢kar ok, &k, AR PAIER ] ¢ At
o] ofet AN E A4y el et FreuEst
AL AgstA L et

a8

9

AT & =l =l FrEdde] WAMR
& ST depd, fredlEdA AATIe A
, 1AL A dsks AuEgiY B3 vt 93
Tl &S AAEEES ZAREe] AAETE 2007
ol A= Adsra AANEE EddHd
F7HAHIR 9 Foll ok ST AAAE A= €
Aol F2 BAsk= 5718 e ol 9ad 4
Travt F7h2 AL ok wEhA] A REE
gloll= 71 AR ool 948 AErart F7hE ]
of atr, FF ol Wi FrEuiEdAE AAsk A4
& oot

B e AR5dA ) HavlEAs) Hade
Aele] A2 FEZHY] AF ALl os) 538
Heiguch
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Review on the Management for Radioactive Effluent and Methodology for Setting
of Derived Release Limits at Pressurized Heavy Water Reactors in Korea

Hee-Geun Kim, Tae-Young Kong, Woo-Tae Jeong, and Seok-Tae Kim
KKEPCO Research Institute

Abstract - The radioactive effluents from pressurized heavy water reactors (PHWRsS) are relatively larger than those from pressurized
water reactors (PWRs). Futhermore, radioactive effluents from PHWRs are released continuously. Thus, the discharge of radioactive
effluents is strictly controlled. To do this, radiation detectors are installed at stacks of reactor buildings to monitor the concentration of
radioactive effluents in real-time. Derived release limits (DRLs) of annual discharge are also set up for each radionuclide and effluents
are rigidly controlled not to exceed those limits. In this paper, the discharge process of radioactive effluents, the standard for
establishment of DRL and its methodology, and currents status for PHWRS were reviewed.
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