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All ra dio ac tive gas eous and liq uid effluents dis charged from Ko rean nu clear power plants are
mon i tored by ef flu ent mon i tors to pre vent ef flu ent re leases to the en vi ron ment un der un con -
trolled con di tions. This pa per pro vides the meth od ol ogy and pa ram e ters used in the cal cu la -
tion of alarm (high) and warn ing (low) set-points for gas eous and liq uid ef flu ent mon i tors in
Ko rean pres sur ized wa ter re ac tors. Alarm set-points are de ter mined to as sure com pli ance
with the Ko rean reg u la tory lim its of con cen tra tion of ra dio ac tive effluents. Even though
warn ing set-points are not re quired by the reg u la tory body, Ko rean pres sur ized wa ter re ac -
tors de ter mine the warn ing set-points of ef flu ent mon i tors not only to take an ac tive man age -
ment of ef flu ent dis charge but also to keep ra di a tion doses to mem bers of the pub lic liv ing
around nu clear power plants as low as rea son ably achiev able.

Key words: nu clear power plant, pres sur ized wa ter re ac tor, ef flu ent con trol limit, ef flu ent mon i tor,
alarm set-point, warn ing set-point

INTRODUCTION

Ra di a tion mon i tor ing sys tems in nu clear power
plants (NPP) are gen er ally clas si fied into three types
ac cord ing to pur pose. First, a pro cess mon i tor, for
mon i tor ing leaks of ra dio ac tive ma te ri als in the sys -
tem. Sec ond, an area mon i tor, for mon i tor ing ra di a tion 
lev els in the ra di a tion-con trolled area. Third, an ef flu -
ent mon i tor, used for mon i tor ing ra dio ac tive effluents
dis charged from NPP to the en vi ron ment. Ra dio ac tive
effluents are nor mally re garded as ra dio ac tive waste
re gard less of their con cen tra tion and con trolled by
reg u la tion to pro tect the en vi ron ment and mem bers of
the pub lic liv ing around NPP [1, 2]. It is also com -
monly ac cepted that doses es ti ma tion for mem bers of
the pub lic orig i nates from the re lease of ra dio ac tive
effluents from nu clear fa cil i ties [1]. Thus, it is im por -
tant to con trol the re lease of ra dio ac tive effluents from
nu clear fa cil i ties for keep ing the pub lic dose as low as
rea son ably achiev able. Ko rean pres sur ized wa ter re -
ac tors (PWR) op er ate gas eous and liq uid ef flu ent
mon i tors to mon i tor the in stan ta neous con cen tra tion
in ra dio ac tive effluents. These mon i tors pro vide an
early warn ing of in creased con cen tra tion and pre vent
ef flu ent re leases ex ceed ing ef flu ent con trol lim its
(ECL), the reg u la tory lim its of con cen tra tion of ra dio -
ac tive ma te ri als [3]. Par tic u larly, alarm (high) and
warn ing (low) set-points of ra dio ac tive ef flu ent mon i -
tors as sure com pli ance with the ECL of the Nu clear

Safety and Se cu rity Com mis sion (NSSC), the Ko rean
reg u la tory body [2, 4]. Ex ceed ing these warn ing or
alarm set-points will trig ger an in ves ti ga tion, ac cord -
ing to the NPP cor rec tive ac tion pro gram. For ex am -
ple, if the con cen tra tion of ra dio ac tive effluents ex -
ceeds the warn ing set-points, the NPP de creases the
re lease rate to re store the con cen tra tion to within the
re quire ments in the plant pro ce dures or some times
blocks the dis charge. If the alarm set-points have been
ex ceeded, the NPP promptly ter mi nates re lease of ra -
dio ac tive effluents via this path way and no ti fies the
NSSC within four hours. The NPP also pre pares and
sub mits to the NSSC within 60 days a spe cial re port
that as cer tains the cause for ex ceed ing the alarm
set-points. In ad di tion, it also de scribes the im me di ate
cor rec tive ac tions that have been taken to re duce the
re leases and the sug gested cor rec tive ac tions to be
taken to as sure that sub se quent re leases will be in com -
pli ance with the re quire ments [5].

SET-POINTS OF GASEOUS
EFFLUENT MONITORS

Alarm set-points

Alarm set-points of gas eous ef flu ent mon i tors
are de ter mined to en sure that the con cen tra tion of gas -
eous effluents dis charged from Ko rean PWR to the en -
vi ron ment is lim ited to the NSSC ECL. As sum ing that
a mem ber of the pub lic in hales or in gests the
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radionuclide con tin u ously all year round, the ECL are
de fined as the de rived radionuclide con cen tra tion to
give an in di vid ual a 1 mSv ef fec tive dose [2]. The
NSSC pro vides gas eous and liq uid ECL that take into
ac count ex po sure path ways, the routes of in di vid ual
ex po sure to ra dio ac tive effluents.

In gen eral, ra dio ac tive effluents dis charged from 
NPP in clude mul ti ple radionuclides, not a sin gle
radionuclide. Thus, the sum of the ra tios of the con cen -
tra tions of in di vid ual radionuclides to the ECL of cor -
re spond ing radionuclides should be less than 1, so as
not to ex ceed the dose limit for mem bers of the pub lic
[2]. The con cen tra tion in ra dio ac tive effluents, which
in clude mul ti ple nuclides, at the bound ary of an un re -
stricted area, can be de scribed by the fol low ing equa -
tions
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where Ci is the con cen tra tion of ra dio ac tiv ity of
radionuclide i [Bqm–3] and ECLi – the gas eous ECL
limit of radionuclide i [Bqm–3]. The sum of the con cen -
tra tion of gross ac tiv ity of all radionuclides, SiCi

[Bqm–3], dis charged from NPP over the limit of the
con cen tra tion of ra dio ac tiv ity, L [Bqm–3], at the
bound ary of the un re stricted area should be less than or 
equal to 1; this sum can be ex pressed as fol low ing eqs.

C

L
iiå

£ 1 (3)

L
C

C

ECL

ii

i

i
i

=
å

æ

è
çç

ö

ø
÷÷å

(4)

L
Q

M=
c

(5)

where c/Q [sm–3] is the at mo spheric dis per sion fac tor 
and M [Bqs–1] – the max i mally per mis si ble dis charge
rate of gross ac tiv ity in gas eous ef flu ent at a stack.
Sub sti tut ing eq. (4) into eq. (5), the max i mally per mis -
si ble dis charge rate of gross ac tiv ity in gas eous ef flu -
ent can be writ ten as the fol low ing eqs
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If the av er age flow rate F [m3s–1] of gas eous
effluents is as sumed at a stack, the alarm set-point of a
gas eous ef flu ent mon i tor at a sin gle stack, SPAlarm-sin gle

[Bqm–3], can be ex pressed as eq. (8)
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In Ko rea, mul ti ple re ac tors are in op er a tion at a
sin gle NPP site. Thus, the alarm set-point of gas eous
ef flu ent mon i tor SPAlarm [Bqm–3], con sid er ing mul ti -
ple dis charge points, can be writ ten as eq. (9)
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where N is an ad min is tra tive al lo ca tion fac tor to al low
for mul ti ple gas eous ef flu ent re leases from dif fer ent re -
ac tor dis charge points at a sin gle NPP site. For ex am ple, 
the num ber of re ac tors in op er a tion at the Hanbit NPP
site is six [6]. This num ber is used as an ad min is tra tive
al lo ca tion fac tor for the alarm set-point of gas eous ef -
flu ent mon i tors at the Hanbit NPP site. How ever, most
re ac tors have not a sin gle dis charge point but sev eral
points for gas eous ef flu ent re lease. Fur ther more, some
gas eous ef flu ent mon i tors in stalled at spe cific dis charge 
points have three de tec tor chan nels to mon i tor par tic u -
late ma te rial, io dine, and gas [7]. Thus, the cur rent
alarm set-point of gas eous ef flu ent mon i tors in Ko rean
PWR does not in clude fac tors re gard ing mul ti ple dis -
charge points in a re ac tor and de tec tor chan nels of ef flu -
ent mon i tors. Since gas eous ef flu ent mon i tors de tect the 
in stan ta neous con cen tra tion in ra dio ac tive effluents, it
is not al lowed to dis charge gas eous ef flu ent with the
con cen tra tion of the alarm set-point con tin u ously over
the course of a year [8]. In ad di tion, the con cen tra tion in
ra dio ac tive effluents reaches the warn ing (low)
set-points be fore reach ing the alarm (high) set-points,
and this warn ing pushed plant op er a tor to take cor rec -
tive ac tion, such as block ing of ef flu ent dis charge.
Thus, the cur rent ad min is tra tive al lo ca tion fac tor is de -
ter mined based on these con sid er ations.

Warning set-points

In or der to con trol ra dio ac tive ef flu ent dis charge
more strictly, Ko rean PWR ap ply warn ing set-points,
which are lower than alarm set-points, to ef flu ent mon -
i tors. Al though warn ing set-points are not re quired by
the reg u la tory body, Ko rean PWR vol un tarily es tab -
lish warn ing set-points of ef flu ent mon i tors to un der -
take ac tive man age ment of ef flu ent dis charge [8]. The
cur rent warn ing set-points in Ko rean PWR are de ter -
mined by tak ing into ac count Ar ti cle 16, 'Pre ven tion of 
Haz ards to En vi ron ment', of NSSC No tice 2017-36.
This ar ti cle pro vides dose stan dards that are ap plied to
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the de sign of fa cil i ties con cerned, in or der to keep ra -
di a tion doses to mem bers of the pub lic liv ing around
NPP as low as rea son ably achiev able, which are sum -
ma rized in tab. 1 [2]. Par tic u larly, an an nual ef fec tive
dose of ex ter nal ra di a tion ex po sure by gas eous
effluents at the bound ary of an un re stricted area is lim -
ited to 0.05 mSv per re ac tor. Thus, the warn ing
setpoint of the gas eous ef flu ent mon i tor, SPWarn ing

[Bqm–3], can be ex pressed as eq. (10)

SP N SPWarning Alarm= 005. (10)

where 0.05 is a safety fac tor con sid er ing the NSSC
dose stan dard due to gas eous ef flu ent dis charge, N is
the num ber of re ac tors in op er a tion at a sin gle NPP
site, and  SPAlarm is the alarm set-point of the gas eous
ef flu ent mon i tor. In par tic u lar, the rea son why the
num ber of re ac tors at a sin gle NPP site is mul ti plied in
eq. (10) is that the dose stan dard, 0.05 mSv per year, is
based on a sin gle re ac tor. For in stance, since the num -
ber of re ac tors in op er a tion at Hanbit NPP site is six,
the warn ing set-points of gas eous ef flu ent mon i tors
are cal cu lated as 30 % of the alarm set-points (0.05×6
re ac tors = 0.3). In ad di tion, the safety fac tor 0.05 orig i -
nates from the an nual ef fec tive dose for ex ter nal ex po -
sure, as in di cated in tab. 1. This value is not con sis tent
with the afore-men tioned as sump tion that a mem ber of 
the pub lic in hales or in gests gas eous effluents, which
cor re sponds to in ter nal ex po sure. How ever, the value
0.05 is used as a safety fac tor for the warn ing set-point
of the gas eous ef flu ent mon i tor re gard less of types of
ex po sure to ra di a tion: in ter nal and ex ter nal since the
value 0.05 is more con ser va tive than the value 0.15 of
an nual or gan equiv a lent dose for radioiodine  and
particulates from all path ways.

SET-POINTS OF LIQUID
EFFLUENT MONITORS

Alarm set-points

The de ter mi na tion of alarm set-points of liq uid
ef flu ent mon i tors is based on the NSSC liq uid ECL
[2]. Since the radionuclide con cen tra tion in liq uid
effluents for dis charge is con trolled us ing di lu tion wa -
ter, the alarm set-point of the liq uid ef flu ent mon i tor,
SPAlarm [Bqm–3], can be writ ten as eq. (11)
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where Ci [Bqm–3] is the con cen tra tion of ra dio ac tiv ity
of radionuclide i, ECLi [Bqm–3] – the liq uid ECL of
radionuclide i, F [m3s–1] – the av er age dis charge flow
rate of ef flu ent, FE [m3s–1] – the flow rate of es sen tial
ser vice wa ter, FC [m

3s–1] – the flow rate of cir cu lat ing
wa ter, and FS [gpm] – the flow rate of sea wa ter by pass. 
Un like the alarm set-points of gas eous ef flu ent mon i -
tors, eq. (11) does not in clude an ad min is tra tive al lo ca -
tion fac tor to al low for mul ti ple liq uid ef flu ent re leases 
from dif fer ent re ac tor dis charge points at a sin gle NPP
site. Gen er ally, in the case of liq uid, when mixed with
other liq uids, the vol ume is in creased, and the con cen -
tra tion is av er aged [3]. For ex am ple, when two so lu -
tions with con cen tra tions of 1 Bqm–3 each are mixed
to gether, the vol ume of mixed so lu tion is in creased to
2 m3 and the con cen tra tion is main tained at 1 Bqm–3.

Warning set-points

Sim i lar to the case of gas eous ef flu ent mon i tors,
Ko rean PWR vol un tarily es tab lished warn ing
set-points for liq uid ef flu ent mon i tors by tak ing into
ac count Ar ti cle 16, 'Pre ven tion of Haz ards to En vi ron -
ment', of NSSC No tice 2017-36 [2, 3]. Ac cord ing to
the ar ti cle, an nual ef fec tive dose to mem bers of the
pub lic liv ing around NPP by liq uid effluents at the
bound ary of an un re stricted area is not to ex ceed 0.03
mSv per re ac tor. Thus, the warn ing set-point of the liq -
uid ef flu ent mon i tor, SPWarn ing [Bqm–3], can be writ ten
as eq. (12)

SP N SPWarning Alarm= 003. (12)

where 0.03 is a safety fac tor con sid er ing the NSSC
dose stan dard for liq uid ef flu ent dis charge, N – the
num ber of re ac tors in op er a tion at a sin gle NPP site,
and  SPAlarm is the alarm set-point of the liq uid ef flu ent
mon i tor. Since the dose stan dard, 0.03 mSv per year, is
based on a sin gle re ac tor, the num ber of re ac tors at a
sin gle NPP site is mul ti plied in eq. (12). For ex am ple,
the warn ing set-points of the liq uid ef flu ent mon i tors
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Table 1. Dose standards to control releases of radioactive effluents discharged from nuclear facilities
(at the boundary of the unrestricted area)

Effluents Category Annual limits per unit Annual limits per site

Gaseous

Air absorbed dose for gamma ray 0.1 mGy

Air absorbed dose for beta ray 0.2 mGy Under the operation of multiple
reactors at a single site

Effective dose for external exposure 0.05 mSv

Skin equivalent dose for external exposure 0.15 mSv · Effective dose: 0.25 mSv

Organ equivalent dose for radioiodine and
particulates (including 3H and 14C) 0.15 mSv

Liquid
Effective dose 0.03 mSv · Thyroid equivalent dose: 0.75 mSv

Organ equivalent dose 0.1 mSv



at the Hanbit NPP site, which has six op er at ing re ac -
tors at a sin gle site, are cal cu lated as 18 % of the alarm
set-points (0.03×6 re ac tors = 0.18).

DISCUSSION AND CONCLUSION

Alarm set-points of ra dio ac tive ef flu ent mon i tors
in the Ko rean PWR are de ter mined to com ply with the
NSSC ECL. The ECL val ues are equiv a lent to the
radionuclide con cen tra tions that would pro duce an ef -
fec tive dose of 1 mSv for mem bers of the pub lic if in -
haled or in gested con tin u ously over the course of a year.
Since ra dio ac tive effluents dis charged from NPP nor -
mally con tain var i ous radionuclides, alarm set-points of
ef flu ent mon i tors are de ter mined such that the sum of the
ra tios of the con cen tra tion of in di vid ual radionuclides to
the ECL of cor re spond ing radionuclides should be less
than 1, so as not to ex ceed the dose limit for mem bers of
the pub lic, 1 mSv per year, due to a ra dio ac tive ef flu ent
dis charge. Par tic u larly, the Ko rean PWR use the num ber
of re ac tors in op er a tion at a sin gle site as an ad min is tra -
tive al lo ca tion fac tor for alarm set-points of gas eous ef -
flu ent mon i tors, con sid er ing mul ti ple gas eous ef flu ent
re leases from dif fer ent re ac tor dis charge points at a sin -
gle NPP site. In ad di tion to alarm set-points, warn ing
set-points of ef flu ent mon i tors are es tab lished by the Ko -
rean PWR to con trol ra dio ac tive ef flu ent dis charge more
rig or ously, even though warn ing set-points are not reg u -
la tory re quire ments.

ACKNOWLEDGMENT

This work was sup ported by the Ko rea Hy dro &
Nu clear Power Co., Ltd.

AUTHORS' CONTRIBUTIONS

The lit er a ture re search and the the o ret i cal anal y -
sis were con ducted by all au thors. Fur ther more, all au -
thors an a lyzed and dis cussed the re sults. 

REFERENCES

[1] Kong, T. Y., et al., Ra dio ac tive Effluents Re leased
from Ko rean Nu clear Power Plants and the Re sult ing
Ra di a tion Doses to Mem bers of the Pub lic, Nu clear
En gi neer ing and Tech nol ogy, 49 (2017), 8, pp.
1772-1777

[2] ***, NSSC, Stan dards for Ra di a tion Pro tec tion, etc.,
Nu clear Safety and Se cu rity Com mis sion, No tice No.
2017-36, Se oul, Ko rea, 2017

[3] ***, KHNP, Cur rent Sta tus of the Ap pli ca tion of
set-points to Ra dio ac tive Ef flu ent Mon i tors at Pres -
sur ized Wa ter Re ac tors, Ko rea Hy dro & Nu clear
Power, 2017-50003339-Jeong-0859TC, Gyeongju,
Ko rea, 2017

[4] Kong, T. Y., et al., Reg u la tions on Ra dio ac tive
Effluents Re leased from Ko rean Nu clear Power

Plants, In ter na tional Jour nal of En vi ron men tal Stud -
ies, 75 (2018), 1, pp. 154-159

[5] ***, NSSC, Re port ing and Dis clo sure Reg u la tions for 
Ac ci dents and Fail ures of nu clear Fa cil i ties, No tice
No. 2014-17, Se oul, Ko rea, 2014

[6] ***, KHNP, Nu clear Power Plant Sta tus [On line], Ko -
rea Hy dro & Nu clear Power, Avail able: http://www.
khnp.co.kr/eng/con tent/529/main.
do?mnCd=EN03020101,[Ac cessed: 07-Dec-2017]

[7] ***, KHNP, Ra dio ac tive ef flu ent mon i tors at Ko rean
pres sur ized wa ter re ac tors, Ko rea Hy dro & Nu clear
Power, 2017-50003339-Jeon-0690TC, Gyeongju,
Ko rea, 2017

[8] ***, MOST, As sess ment of Un planned Ef flu ent Re -
leases from On-Site Fa cil i ties and De ter mi na tion of
Stan dard Pa ram e ters for Off-Site Dose Cal cu la tion,
Min is try of Sci ence & Tech nol ogy, Se oul, Ko rea,
2004

Re ceived on April 10, 2018
Ac cepted on Au gust 20, 2018

T. Y. Kong, et al.: Meth od ol ogy for De ter mi na tion of Alarm and Warn ing ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 4, pp. 406-410 409



T. Y. Kong, et al.: Meth od ol ogy for De ter mi na tion of Alarm and Warn ing ...
410 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 4, pp. 406-410

Tae Joung KONG, Sijoung KIM, Joung|u LI, \ueng Kvon SUN

METODOLOGIJA  ODRE\IVAWA  NIVOA  ALARMA  I  UPOZOREWA
MONITORA RADIOAKTIVNIH  EFLUENATA  U  KOREJSKIM  NUKLEARNIM 

REAKTORIMA  SA  VODOM  POD  PRITISKOM

Tokom rada Korejskih nuklearnih elektrana vr{i se mon i tor ing svih gasovitih i te~nih 
radioaktivnih efluenata kako bi se spre~ilo wihovo osloba|awe u `ivotnu sredinu pod
nekontrolisanim uslovima. U ovom radu prikazana je metodologija i parametri kori{}eni za
prora~un nivoa alarma (visok nivo) i nivoa upozorewa (nizak nivo) monitora za pra}ewe
gasovitih i te~nih radioaktivnih efluenata tokom rada Korejskih rekatora sa vodom pod
pritiskom. Nivoi alarma su pode{eni tako da zadovoqavaju kriterijume koncentracija
radioaktivnih efluenata postavqene od strane regulatornog tela. Nivoi upozorewa na
monitorima korejskih rekatora sa vodom pod pritiskom, iako nisu zahtevani od strane
regulatornog tela, uspostavqeni su kako bi se uzela aktivna uloga u upravqawu ispu{tawa
efluenata i radi odr`avawa doza za stanovni{tvo koje `ivi u okolini nuklearnih elektrana na
{to je mogu}e ni`em nivou.

Kqu~ne re~i: nuklearna elektrana, reaktor sa vodom pod pritiskom, kontrola granica
                          efluenata, mon i tor efluenata, nivo alarma, nivo upozorewa


