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All radioactive gaseous and liquid effluents discharged from Korean nuclear power plants are
monitored by effluent monitors to prevent effluent releases to the environment under uncon-
trolled conditions. This paper provides the methodology and parameters used in the calcula-
tion of alarm (high) and warning (low) set-points for gaseous and liquid effluent monitors in
Korean pressurized water reactors. Alarm set-points are determined to assure compliance
with the Korean regulatory limits of concentration of radioactive effluents. Even though
warning set-points are not required by the regulatory body, Korean pressurized water reac-
tors determine the warning set-points of effluent monitors not only to take an active manage-
ment of effluent discharge but also to keep radiation doses to members of the public living
around nuclear power plants as low as reasonably achievable.
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INTRODUCTION

Radiation monitoring systems in nuclear power
plants (NPP) are generally classified into three types
according to purpose. First, a process monitor, for
monitoring leaks of radioactive materials in the sys-
tem. Second, an area monitor, for monitoring radiation
levels in the radiation-controlled area. Third, an efflu-
ent monitor, used for monitoring radioactive effluents
discharged from NPP to the environment. Radioactive
effluents are normally regarded as radioactive waste
regardless of their concentration and controlled by
regulation to protect the environment and members of
the public living around NPP [1, 2]. It is also com-
monly accepted that doses estimation for members of
the public originates from the release of radioactive
effluents from nuclear facilities [1]. Thus, it is impor-
tant to control the release of radioactive effluents from
nuclear facilities for keeping the public dose as low as
reasonably achievable. Korean pressurized water re-
actors (PWR) operate gaseous and liquid effluent
monitors to monitor the instantaneous concentration
in radioactive effluents. These monitors provide an
early warning of increased concentration and prevent
effluent releases exceeding effluent control limits
(ECL), the regulatory limits of concentration of radio-
active materials [3]. Particularly, alarm (high) and
warning (low) set-points of radioactive effluent moni-
tors assure compliance with the ECL of the Nuclear
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Safety and Security Commission (NSSC), the Korean
regulatory body [2, 4]. Exceeding these warning or
alarm set-points will trigger an investigation, accord-
ing to the NPP corrective action program. For exam-
ple, if the concentration of radioactive effluents ex-
ceeds the warning set-points, the NPP decreases the
release rate to restore the concentration to within the
requirements in the plant procedures or sometimes
blocks the discharge. If the alarm set-points have been
exceeded, the NPP promptly terminates release of ra-
dioactive effluents via this pathway and notifies the
NSSC within four hours. The NPP also prepares and
submits to the NSSC within 60 days a special report
that ascertains the cause for exceeding the alarm
set-points. In addition, it also describes the immediate
corrective actions that have been taken to reduce the
releases and the suggested corrective actions to be
taken to assure that subsequent releases will be in com-
pliance with the requirements [5].

SET-POINTS OF GASEOUS
EFFLUENT MONITORS

Alarm set-points

Alarm set-points of gaseous effluent monitors
are determined to ensure that the concentration of gas-
eous effluents discharged from Korean PWR to the en-
vironment is limited to the NSSC ECL. Assuming that
a member of the public inhales or ingests the
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radionuclide continuously all year round, the ECL are
defined as the derived radionuclide concentration to
give an individual a 1 mSv effective dose [2]. The
NSSC provides gaseous and liquid ECL that take into
account exposure pathways, the routes of individual
exposure to radioactive effluents.

In general, radioactive effluents discharged from
NPP include multiple radionuclides, not a single
radionuclide. Thus, the sum of the ratios of the concen-
trations of individual radionuclides to the ECL of cor-
responding radionuclides should be less than 1, so as
not to exceed the dose limit for members of the public
[2]. The concentration in radioactive effluents, which
include multiple nuclides, at the boundary of an unre-
stricted area, can be described by the following equa-
tions
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where C; is the concentration of radioactivity of
radionuclide i [Bqm ] and ECL; — the gaseous ECL
limit of radionuclide i [Bqm ]. The sum of the concen-
tration of gross activity of all radionuclides, X,C;
[Bqm ], discharged from NPP over the limit of the
concentration of radioactivity, L [Bqm™], at the
boundary of the unrestricted area should be less than or
equal to 1; this sum can be expressed as following eqs.
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where y/Q [sm ] is the atmospheric dispersion factor
and M [Bgs '] — the maximally permissible discharge
rate of gross activity in gaseous effluent at a stack.
Substituting eq. (4) into eq. (5), the maximally permis-
sible discharge rate of gross activity in gaseous efflu-
ent can be written as the following eqs
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If the average flow rate F [m?s™'] of gaseous
effluents is assumed at a stack, the alarm set-point of a

gaseous effluent monitor at a single stack, SP 5 j4msingle
[Bqm™], can be expressed as eq. (8)
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In Korea, multiple reactors are in operation at a
single NPP site. Thus, the alarm set-point of gaseous
effluent monitor SP,,,.., [Bqm™], considering multi-
ple discharge points, can be written as eq. (9)
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where N is an administrative allocation factor to allow
for multiple gaseous effluent releases from different re-
actor discharge points at a single NPP site. For example,
the number of reactors in operation at the Hanbit NPP
site is six [6]. This number is used as an administrative
allocation factor for the alarm set-point of gaseous ef-
fluent monitors at the Hanbit NPP site. However, most
reactors have not a single discharge point but several
points for gaseous effluent release. Furthermore, some
gaseous effluent monitors installed at specific discharge
points have three detector channels to monitor particu-
late material, iodine, and gas [7]. Thus, the current
alarm set-point of gaseous effluent monitors in Korean
PWR does not include factors regarding multiple dis-
charge points in a reactor and detector channels of efflu-
ent monitors. Since gaseous effluent monitors detect the
instantaneous concentration in radioactive effluents, it
is not allowed to discharge gaseous effluent with the
concentration of the alarm set-point continuously over
the course of a year [8]. In addition, the concentration in
radioactive effluents reaches the warning (low)
set-points before reaching the alarm (high) set-points,
and this warning pushed plant operator to take correc-
tive action, such as blocking of effluent discharge.
Thus, the current administrative allocation factor is de-
termined based on these considerations.

Warning set-points

In order to control radioactive effluent discharge
more strictly, Korean PWR apply warning set-points,
which are lower than alarm set-points, to effluent mon-
itors. Although warning set-points are not required by
the regulatory body, Korean PWR voluntarily estab-
lish warning set-points of effluent monitors to under-
take active management of effluent discharge [8]. The
current warning set-points in Korean PWR are deter-
mined by taking into account Article 16, 'Prevention of
Hazards to Environment', of NSSC Notice 2017-36.
This article provides dose standards that are applied to
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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
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
Gaseous 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 *H and *C) 0.15 mSv
Liquid Effective dose 0.03 mSv - Thyroid equivalent dose: 0.75 mSv
iqui .
q Organ equivalent dose 0.1 mSv

the design of facilities concerned, in order to keep ra-
diation doses to members of the public living around
NPP as low as reasonably achievable, which are sum-
marized in tab. 1 [2]. Particularly, an annual effective
dose of external radiation exposure by gaseous
effluents at the boundary of an unrestricted area is lim-
ited to 0.05 mSv per reactor. Thus, the warning
setpoint of the gaseous effluent monitor, SPyy,ming
[Bqm™], can be expressed as eq. (10)

SPyaming = 005N SPy (10)

where 0.05 is a safety factor considering the NSSC
dose standard due to gaseous effluent discharge, N is
the number of reactors in operation at a single NPP
site, and SPajam 1s the alarm set-point of the gaseous
effluent monitor. In particular, the reason why the
number of reactors at a single NPP site is multiplied in
eq. (10) is that the dose standard, 0.05 mSyv per year, is
based on a single reactor. For instance, since the num-
ber of reactors in operation at Hanbit NPP site is six,
the warning set-points of gaseous effluent monitors
are calculated as 30 % of the alarm set-points (0.05-6
reactors =0.3). In addition, the safety factor 0.05 origi-
nates from the annual effective dose for external expo-
sure, as indicated in tab. 1. This value is not consistent
with the afore-mentioned assumption thata member of
the public inhales or ingests gaseous effluents, which
corresponds to internal exposure. However, the value
0.05 is used as a safety factor for the warning set-point
of the gaseous effluent monitor regardless of types of
exposure to radiation: internal and external since the
value 0.05 is more conservative than the value 0.15 of
annual organ equivalent dose for radioiodine and
particulates from all pathways.

SET-POINTS OF LIQUID
EFFLUENT MONITORS

Alarm set-points

The determination of alarm set-points of liquid
effluent monitors is based on the NSSC liquid ECL
[2]. Since the radionuclide concentration in liquid
effluents for discharge is controlled using dilution wa-
ter, the alarm set-point of the liquid effluent monitor,
SP pjarm [BqM™], can be written as eq. (11)
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where C; [qu’3] is the concentration of radioactivity
of radionuclide i, ECL; [Bqm ] — the liquid ECL of
radionuclide i, F [m’s™'] — the average discharge flow
rate of effluent, F [m’s™'] — the flow rate of essential
service water, Fc [m3s’l] — the flow rate of circulating
water, and Fs [gpm] —the flow rate of seawater bypass.
Unlike the alarm set-points of gaseous effluent moni-
tors, eq. (11) does not include an administrative alloca-
tion factor to allow for multiple liquid effluent releases
from different reactor discharge points ata single NPP
site. Generally, in the case of liquid, when mixed with
other liquids, the volume is increased, and the concen-
tration is averaged [3]. For example, when two solu-
tions with concentrations of 1 Bqm each are mixed

together, the volume of mixed solution is increased to
2 m’ and the concentration is maintained at 1 Bqm .

SPAlarm = (11)

Warning set-points

Similar to the case of gaseous effluent monitors,
Korean PWR voluntarily established warning
set-points for liquid effluent monitors by taking into
account Article 16, 'Prevention of Hazards to Environ-
ment', of NSSC Notice 2017-36 [2, 3]. According to
the article, annual effective dose to members of the
public living around NPP by liquid effluents at the
boundary of an unrestricted area is not to exceed 0.03
mSy per reactor. Thus, the warning set-point of the lig-
uid effluent monitor, SPy;,ming [Bgm™], can be written
as eq. (12)

SPWarning =003N SPAlarm (12)

where 0.03 is a safety factor considering the NSSC
dose standard for liquid effluent discharge, N — the
number of reactors in operation at a single NPP site,
and SPajam 1S the alarm set-point of the liquid effluent
monitor. Since the dose standard, 0.03 mSv per year, is
based on a single reactor, the number of reactors at a
single NPP site is multiplied in eq. (12). For example,
the warning set-points of the liquid effluent monitors
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at the Hanbit NPP site, which has six operating reac-
tors at a single site, are calculated as 18 % of the alarm
set-points (0.03-6 reactors = 0.18).

DISCUSSION AND CONCLUSION

Alarm set-points of radioactive effluent monitors
in the Korean PWR are determined to comply with the
NSSC ECL. The ECL values are equivalent to the
radionuclide concentrations that would produce an ef-
fective dose of 1 mSv for members of the public if in-
haled or ingested continuously over the course of a year.
Since radioactive effluents discharged from NPP nor-
mally contain various radionuclides, alarm set-points of
effluent monitors are determined such that the sum of the
ratios of the concentration of individual radionuclides to
the ECL of corresponding radionuclides should be less
than 1, so as not to exceed the dose limit for members of
the public, 1 mSv per year, due to a radioactive effluent
discharge. Particularly, the Korean PWR use the number
of reactors in operation at a single site as an administra-
tive allocation factor for alarm set-points of gaseous ef-
fluent monitors, considering multiple gaseous effluent
releases from different reactor discharge points at a sin-
gle NPP site. In addition to alarm set-points, warning
set-points of effluent monitors are established by the Ko-
rean PWR to control radioactive effluent discharge more
rigorously, even though warning set-points are not regu-
latory requirements.
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Tae Joyar KOHT, Cujoynr KUM, Joynrhy JIU, Byenr Kson CYH

METOOOJOINJA OAPEGUBAIA HUBOA AJTAPMA U YIIO3OPEILA
MOHUTOPA PAINOAKTNBHUX E®JIYEHATA Y KOPEJCKUM HYKJIEAPHUM
PEAKTOPUMA CA BOJIOM I10OA IMPUTUCKOM

Tokom pana Kopejckux HyKJIeapHHUX eJIeKTpaHa BPILIH C€ MOHUTOPHUHT CBUX FACOBUTHUX U TEUHHX
PaoOaKTHBHUX eduiyeHaTa Kako OM ce CIpedmiIo HHUXOBO ocinobabame y XUBOTHY CPEfWHY IOX
HEKOHTPOJIMCAaHNM YCIIOBAMa. Y OBOM pajiy NpHKa3aHa je MeTOAOJOrhja U NapaMeTpy KopuirheHn 3a
npopadyH HHMBOa ajapMma (BHCOK HMBO) M HHMBOA ymo3opema (HM3aK HUBO) MOHMTOpa 3a mnpaheme
racoBUTUX W TEUYHHX paJiMOAKTHBHUX eduyeHaTa TOKoM paja Kopejckux pekartopa ca BOJAOM IO
npuTcKkoM. HuBom amapma cy TOfelIeHM TakoO fa 3aj0BOJbaBajy KpPHUTEpHjyMe KOHIEHTpAIHja
paioaKTHBHUX edJyeHaTa IIOCTaB/beHe Off CTpaHe peryjJaTopHor Tema. HmBom ymosopema Ha
MOHHUTOpPHMa KOPEjCKMX peKaTopa ca BOJAOM IOJ] NMPHUTUCKOM, MAKO HUCY 3axXTeBaHMW Off CTpaHe
PErylIaTopHOr Telja, YCIOCTaBIbEHH Cy KaKO OM ce y3esa aKTHBHA YJIOra y YIpaBibaiby HCIyHITama
edpryenaTa  pagu ofjpsKaBama A03a 32 CTAHOBHUINTBO KOje KABY Y OKOJMHY HyKJIeapHHUX eJIeKTpaHa Ha
LITO je MOryhe HIKeM HUBOY.

Kwyune peuu: HykaeapHa eaeKilipana, peakiiop ca 6000M 00 UPUTUUCKOM, KOHIPOAA ZPAHULA
eghayenaitia, MOHUIIOD ehayeHailia, HUBO AAAPMA, HUBO YILO30Detba




