@ Kozloduy NPP EAD

CONTRIBUTION OF “C AND 3H
IN THE DOSE BURDEN FROM
GASEOUS AEROSOL
EMISSIONS DUE TO
KOZLODUY NPP OPERATION




Dose rates to the public - estimation
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Kozloduy NPP EAD

» Assessments are made of the individual and

collective exposure dose rates of the
population from gaseous aerosol and liquid
radioactive releases from Kozloduy NPP in the
environment.

Modelling evaluation programmes based on
the EU-accepted CREAM methodology and
adapted to meteorological and hydrological
data for the area are used. All possible
pathways of migration and impact of
radioactivity to a human are taken into
account (GSG-19).

» The low levels of radioactive releases from Kozloduy NPP (< 2%) cause a negligible low radiation
exposure of the population in the 30-km supervised area of the NPP, hundreds of times below
the exposure from the natural radiation background (NRB - 2.33 mSv/y).

> Independent control of the additional radiation exposure is carried out by the NCRRP/MH.

> The maximum individual effective dose during 2025 is conservatively estimated at 52 uSvly,
which is negligible compared to the norm for the population for 1 year (150 uSv/y), Regulation on
Ensuring the Safety of Nuclear Power Plants. For average person from the population of

Oryahovo, exposure is calculated to be 1,54 uSv/a.
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Exposure pathways - GSG-19 @’

Possible exposure pathways for members of the public as a result of releases of radioactive substances to the environment
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Why Tritium-3 (°*H) and Carbon-14 (4C) ?
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Main contribution in formation of the
dose burden from liquid (979 %) and
gaseous aerosol emissions from NPP
(1,5 %).

Product of activation of reactor coolant
and its impurities

Element: Tritium (Z=1)
Daughter(s): He-3 (-, 100%)
Q-:18,591 keV

Half-life (T%2): 12,312y

Decay constant (A): 1,7840.10° s!
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Main contribution in formation of the
dose burden from gaseous aerosol
emissions from NPP (97,4 %).

Product of activation of reactor coolant
Element: Carbon (Z=6)

Daughter(s): N-14 (B-, 100%)

Q-:156,476 keV

Half-life (T¥2): 5,70.10% y

Decay constant (A): 3,854 10712 s
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Why Tritium-3 (°*H) and Carbon-14 (4C) ?

Tritium is like hydrogen, so he can easily
form water molecules HTO and organic
molecules (HT). Both compounds with
tritium can be consumed with food and
water and lead to internal exposure.

3H can’t be held by filters — indicator for
leaks. It has low radiotoxicity.

Tritium and Carbon-14 are biologically
significant radionuclides and affect the
body on cellular level.

Products of neutron activation in
reactor coolant.

Chemical form of the discharged
radionuclide can have a significant
effect to the doses (*H, 4C, 1¥!| etc.)

Tritium is a special object of WG-7 for
environmental modelling (EMRAS ll)
Programme, IAEA-TECDOC-1738.

|IAEA TECDOC SERIES

Transfer of Tritium in the
Environment after
Accidental Releases from
Nuclear Facilities

Report of Working Group 7
Tritium Accidents

of EMRAS Il Topical Heading
Approaches for Assessing
Emergency Situations

Environmental Modelling for
RAdiation Safety (EMRAS Il) Programme

S JIAEA

International Atomic Energy Agency

Kozloduy NPP EAD
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IAEA - MODARIA

» The IAEA's Modelling and Data for
Radiological Impact Assessments
(MODARIA) programme included a
dedicated working group (WG7)
focused on harmonizing models for the

environmental transport of tritium. It Harmonization and
improved predictions of how accidental Intercomparison of Models
tritium releases disperse and transfer for Accidental Tritium
within the terrestrial environment. Releases to the Atmosphere

> H . . d 1 . £ Report ol Working Group 7
armonization an ntercomparlson O Modeling and Data for Radiological Impact

Models for Accidental Tritium Releases Assessments (MODARIA) Frogramime
to the Atmosphere, IAEA-TECDOC-1991

» It  summarizes harmonization and
intercomparison of models for the
accidental release of tritium to the
atmosphere. It addresses the modelling Q: IAEA
of tritium into the atmosphere and the
subsequent terrestrial processes that .
determine the dynamic transfer of Date published: 2022
tritium in the environment.




NRA, Regulatory Guide-28/2025 &

Kozloduy NPP EAD

PBKOBOJCTBA
34 BE3OIIACHOCT

110 HIPHJIATAHE HA
HOPMATHBHHTE H3HCKBAHHA

Identification/Quantification of the source

Modeling of direct irradiation, dispersion and transfer in the
environment. Collection of measurement data.

= PBKOBO/JCTBO w==

Identification of exposure pathways

3A PEAJIMCTHYHA OLEHKA HA PAJIMALIMOHHOTO
BB3JEHCTBHE OT F'A3005PA3HH H TEYUHH EMUCHH B
OKOJIHATA CPEJIA ITPH EKCIVIOATALIUATA HA SI/IPEHO
CbOPBKEHHUE

Identification of representative individuals from the population

PP-28/2025

Dose assessment

BULGARIAN NUCLEAR REGULATORY AGENCY

(r/. ‘ ATEHIIHS 3A SI/IPEHO PEI'YJIMPAHE
o

Comparison of expected doses with dose limitation and radiation
exposure limit

Components of a radiological environmental assessment for
the protection of the population during normal operation of
nuclear facility 7
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Sampling of 3H and “C in KNPP gaseous .
releases

Unit name: 3H and *C sampler, Model: KO220-02 .

2 channels (catalytic — total *H and 4C activity, non
catalytic - 3H and ™C in inorganic forms)

Typical sampling flow rate for each channel — 100
ml/min, T catalytic combustion 459°C.

The V3H14C sampler is the microprocessor-
controlled equipment which is intended for the 3H
and »C sampling of the air discharges from
nuclear power plants. Its purpose is to sample the
oxidized /nonoxidized tritium forms and the
inorganic/organic “C forms under the normal,
emergency and after emergency conditions. The
subsequent laboratory analysis shall provide the
sample parameters for the gaseous 3H/%“C
discharge balance and the total balance shall be
compared to the specified limits.

The V3H14C sampler has two channels; the first
sampling line which is provided with the catalytic
combustion absorbs *H and “C in the HTO, HT,
CO,, CO and C,H, forms while the second sampling
line absorbs *H and “C only in the H,O and CO,
forms. Comparing the difference of both sorptions
we can find the complete amount of the
organic/inorganic forms of the substances being
monitored. e 8




Sampling of °*°H and “C in KNPP gaseous

releases

» To absorb water vapour, Silica gel (20 percent by weight) is used. This is
partly dehydrated polymeric amorphous SiO, x nH,O form. It contains
about 5 % (by weight) of naturally bounded water. The temperature reaches
up to 150°C during the activation process; if this temperature is exceeded
the Silica gel shall be destroyed. However, at this temperature the naturally
bounded water is not displaced; the temperature should be increased up to
a temperature of 400°C and after one-hour exposure the bounded water
shall be released, however the sorbent is destroyed. After the operating
cycle, it is recommended to desorb Silica gel by the DJ-500 desorption unit
which heats Silica gel to a temperature of 150°C, and moreover, it maintains
the negative pressure at about 95 kPa within about four hours.

To sorb CO,, the NaOH is used which forms Na,CO;. For the standard CO,
amount in the air (about 0.64 g/m3), the reaction with CO, due to the flow
of 1 m3 requires 1.16 grams of NaOH. The highest flow rate of 0.5 litre/min for
a weekly cycle represents about 5 m?3 of the air; this corresponds to the
theoretical NaOH amount of 5.8 grams. With respect to the limited reagent
contact the ten-fold surplus of NaOH (60 grams in 500 ml solution) is used.

Continuous sampling and liquid scintillation counting (LSC) measurement
are performed on twice per month frequency. Sampling is provided for
control of Kozloduy NPP gaseous releases (5 points in vent stacks of Unit-5,
Unit-6 and auxiliary building), as well as for background concentration
levels in Radioecological Monitoring section (2.5 km far from the KNPP site).

Background level
average
3H min
max

Releases level
average
3H min
max

Background level
average
C min
max
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Sampling of SH and “C in KNPP gaseous B
releases

Total activity of gaseous and liquid KNPP releases, as % of

» Continuous sampling and liquid scintillation control limits for the site, 2021-2025

counting (LSC) measurement are performed on
twice per month frequency. Sampling is provided
for control of Kozloduy NPP gaseous releases (5
points in vent stacks of Unit-5, Unit-6 and auxiliary
building), as well as for background concentration
levels in Radioecological Monitoring section (2.5 0,001
km far from the KNPP site). o w0 o 0 0

m RNG AEROSOLS 1-131 H-3 ®mC-14 ® LIQUID (without H-3)

100,000

10,000

1,000

0,100 -

0,010 -

% of annual control levels

» Kozloduy NPP gaseous releases (5 points in vent
stacks of Unit-5, Unit-6 and auxiliary building), as
well as for background concentration levels in

Maximum effective dose, Sv

. . .. . RNG +
Radioecological Monitoring section (2.5 km far n T 3H e Total
o +
from the KNPP site). erosols
. . L 2021 8,32.10-9 1,15.10-8 8,61.10-7 8.80.10-7
> For the last five years, the maximum individual
effective doses due to the gaseous releases of 3H 2022 3,34.10-9 115.10-8 9,56.10-7 9,7110-7
vary up to 0,022 uSv/y and for “C - to 1,5 uSv/y. 2023 4,70.10-9 1,23.10-8 8,36.10-7 8,53.10-7
. . . 0
This two nuclides contribute almost 99% to the 5024 3,5710-9 57810-9 57910-7 5,8810-7
whole dose.
2025 1,77.10-8 2,2310-8 1,49.10-6 1,53.10-6
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Effective Doses due to KNPP gaseous
releases - NO

Individual effective dose [SV]
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Effective Doses due to KNPP gaseous @’

releases - NO

Individual effective dose [SV]
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Effective Doses due to KNPP gaseous
releases - NO

a) Meteorological data, 2025 b) Microclimate data, 2001-2025

Distribution of individual effective doses from RBG, Aerosols, ¥l + (3H, “C) in the area of Kozloduy NPP, 2025
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PC - CREAM 08 Models

Kozloduy NPP uses adapted PC-CREAM 08 modeling programs (LEDA and DARR-
CM) based on EU methodologies to assess environmental radiological
consequences. The models are adapted to local meteorology and hydrology in the
area of KNPP for conservative dose assessment, with updated IAEA MODARIA

platform integration for tritium (*H) implemented in 2019 to enhance accuracy and
reduce uncertainty in population impact studies.

Kozloduy NPP radiation modeling process:

» Methodology: Uses EU CREAM (Consequences of Releases to the Environment
Assessment Methodology) Radiation Protection 72.

» Models: Specifically, LEDA and DARR-CM are utilized for evaluating routine
radionuclide releases.

» Tritium Focus: The IAEA scientific program MODARIA (Modelling and Data for
Radiological Impact Assessments) was implemented at the end of 2019 to
Improve the assessment of tritium releases.

» Purpose: To verify population dose estimates and reduce uncertainty for
environmental impacts in the plant’'s surrounding area.
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PC — CREAM 08 Models

ASSESSOR is the dose assessment part of PC-CREAM 08 to calculate effective doses. There are five
parts of ASSESSOR to calculate individual and collective doses from discharges to the atmosphere and
sea and individual doses from discharges into rivers. The results of these models are combined with
actual discharge rates, site specific data, habit data and dose coefficients to calculate effective doses for
various exposure pathways.

PLUME The atmospheric dispersion model

RESUS Estimate activity concentrations in air arising from the
resuspension of previously deposited radionuclides

GRANIS Models the external gamma dose from radionuclides
deposited on the soil

FARMLAND Predicts activity concentrations of radionuclides in
terrestrial foods

DORIS The marine dispersion model
River Two models for calculating the dispersion of
models radionuclides released to rivers
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Dose rates to the public - comparisons

2330 uSv/a Exposure due to the natural radiation background average for Bulgaria,

(world average value 2420 pSv/a)

Limits of the annual individual effective dose - Article 13 (1)

1000 pSv/a

Regulation for Radiation Protection 2018

Dose constrain for NPP operation - Article 43
Regulation for Nuclear safety assurance 2016

150 pSv/a

Administrative limits (KNPP operational exposure control in accordance with

100 “SV/ a the ALARA principle) — 50 uSv/a from gaseous + 50 uSv/a liquid discharges

Additional public exposure due to gaseous and liquid releases from

Kozloduy NPP, 2001-2025

The real additional public exposure in the 30 km supervised area due to radioactive gaseous and
liquid releases from KNPP is between 300 to 500 times lower than the natural background exposure.

For the year 2025 the maximum individual effective dose is assessed conservatively to be 5.2 pSv/a

20



Radioecological monitoring o)

Kozloduy NPP EAD

Radiation situation -

stable and unaffected by the
operation of the nuclear power We have done
plant

more than 3 700 analyses
of over 2 140 samples

0,05+ 0,18 pSV/h from various environmental sites

Gamma radiation background

in the 30-km zone is within the limits
of the natural radiation background Over 1290
(NRB) for the area gamma-ray background
measurements

Equivalent dose rate (uSv/h) Information as of 31.12.2025.
Of gamma radiation within 30-km zone, i

AMSRM for 2025.

mmm Average 0.10 pSv/h ——NBG, mean 0.10 puSv/h
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Environmental radiation monitoring -
summary

Radioecological Detailed, systematic

monitoring of

Kozloduy NPP first start-up of the

nuclear power plant

Monitoring range: 3km
supervised area, and
reference surveillance

Scope:over 2400
samples peryear,and
more than 5,000
analyses and
measurements taken

points within a 100 km
distance

ISO 17025
accreditation,

Validated methods,
accurate measuring

equipment, qualified
personnel

interlaboratory
comparisons, ALMERA

assessments since the

Kozloduy NPP EAD

Requirements of the
national regulatory
basis, IAEA, and
EURATOM

Objects of monitoring:

air, water, soil,
vegetation, food,
gamma-background

Verification of
results through
independent
assessments
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MAIN CONCLUSIONS

Since 2010, actual data from *H and '*C measurements in the vent
stacks of Unit 5 and 6 have been used as input data for dose
assessment.

Validated and verified methods for sampling and analysis of *H
and “C are applied, which are within the scope of ISO 17025
accreditation of 154 LI-RM.

The CREAM methodology adopted by the EC is used, which is
adapted to the specific meteorological and hydrological data of
the area. The IAEA MODARIA platform model for tritium
transport is integrated. Carbon-14 is also forthcoming.

The estimation of public exposure is carried out in accordance
with the guidance of the NRA (RR-28) and IAEA (GSG-19), taking
into account all potential routes of exposure for a representative

(average) person. A conservative approach is applied.

Kozloduy NPP EAD
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@ Kozloduy NPP EAD

THANK YOU FOR YOUR
ATTENTION!

www.kznpp.org
@ 0 info@npp.bg

Kozloduy NPP EAD, 3321 Kozloduy



