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., Experience: Nearly 30 years of experience in operations, at the highest level of safety and
Romania’s productvity

experlen_ce in Recognised excellence: CNE Cernavoda operates 2 of the best-performing units among +440
nuclear mdUStry nuclear power plants worldwide, considering on the capacity factor; Romania - the first place
worldwide with regards to Lifetime Unit Capability Factor — UCF: 92.2%

Supply chain: +50 years - experience in the nuclear field, with a well-established local nuclear
industry

Experienced Industry Regulatory Commission — CNCAN (National Commission for Nuclear
Activities’ Control): We have a strong, independent, experienced nuclear regulatory commission,
highly appreciated worldwide

Engineering education system: Network of universities, such as the National University of
Science and Technology Politehnica in Bucharest (the 1st SMR Simulator to train students), Ovidius
University in Constanta (Dual education partnership), Pitesti University Centre, Valahia University in
Targoviste or Cluj Technical University.
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Decrease CO2 emissions in Romania since the commissioning of

225 milion Tones

Nuclear Energy Units 1 and 2

H H Annual reduction of CO2 emissions due to the operation of e

in Romania St . 10 milion Tones
presently
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Annual decrease of CO2 emissions with 4 units in operation 24 mil.

Nuclear energy
in Romania in
2031/2032

+ SMR power plant Tones
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Nuclearelectrica

S. N. Nuclearelectrica S.A.

RoPower (HQ in Bucharest)

Cernavoda Nuclear Power Plant

Pitesti Nuclear Fuel Facility

+ Safe & efficient operation of Units 182 - CANDU 6 | abesisin s el + Nuclear fuel fabrication for two units

Energonuclear

+ Town heating supplier preservation of U384)

Nuclearelectrica Serv

Feldioara uranium octoxide
processing line

Shareholders structure

 Ministry of Energy 82.4981%
* Others 17.5019%
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NUCLEARELECTRICA

CERNAVODA NUCLEAR POWER PLANT

1979 , 2007

Start of
Cernavoda NPP 1996
Construction Unit 1
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CERNAVODA NUCLEAR POWER PLANT

CANDU technology  ~700 Mwh/unit  BOth units Uses natural Management
- Canadian CA.NDU& uranium as fuel processes
Deuterium Uranium U2is more and heavy water  developed based

advanced U1 as moderatorand  on international

cooling agent safety and security
standards
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PITESTI FUEL FACTORY

FCN Pitesti is the only nuclear fuel factory in South-East Europe and the only CANDU nuclear bundle factory in
Europe. Each year, FCN Pitesti produces approx. 11,000 fuel bundles.

In 2024, FCN celebrated 32 years of continuous operation and the production of over 250,000 fuel bundles.

During the life-cycle of a fuel bundle in the reactor, approx. 1 year, a 1 bundle generates 1,115 MWh.
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Fuel Cycle in Romania
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= The power plant uses the fuel bundles manufactured at its FCN Pitesti.

= The spent nuclear fuel is stored in the spent fuel bay for 6 years and then it is transferred to the Interim Dry Storage Facility
(DICA). DICA is a modular structure, gradually built to accommodate the spent fuel resulted from the operation of 4 nuclear units (the two
operating ones and future Units 3&4).
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*..‘ Sar "BL 53

. 4 7 " =i | NUSCALE
Nucllearelectrlca Refurbishment / Life Extension 2 new CANDU Units - SMR Development
Projects for of Unit 1 timespan: 2031/2032
Repowering
Romania

Cernavoda Tritium Removal

Integrated Nuclear Fuel Cycle Medical Isotopes
Facility (CTRF)
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Validation Method for
Organically-Bound
Tritium (OBT) Analysis
of Reference Materials
through Interlaboratory
Comparison Exercises

Simona Zaharov
Radioprotection Department, Cernavoda Nuclear Power Plant
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OBT International Group
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* In the environmental samples, tritium is often associated with the free water fraction, but may be included
in the organic form. Organically-bound tritium is formed in living systems through natural or
biological processes from HTO.

* The measurement of tritium in its various forms is an important key step in evaluating health and
environmental risks and finally to estimate more accurately doses for the public.

» For this purpose, the Environmental Control Laboratory — Radioprotection Department of
Nuclearelectrica — Cernavoda NPP implemented different combustion methods and validated through
international intercomparison exercises for OBT analysis, as a member of the OBT International Group.

» The main purpose of the OBT International Group is to elaborate and validate, through interlaboratory
comparison (ILC) exercises, OBT analysing methods suitable for international community because
there were no certified reference materials and no standard analytical methods through the international
organization related to OBT.
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OBT International Group
| Year | Event | OrganizerCounty |

2012 1st OBT Workshop CEA, France and AECL, Canada
2013 15t OBT Ex. potato AECL, Canada ‘ 1 Oth
2nd OBT Workshop University of Southampton & GAU, UK ’
2014 27 OBT Ex. sediment GAU Radioanalytical Laboratories, UK Orga ‘ ically-Bound Tritiu".fun
3 OBT Workshop AECL, Canada Wo‘ﬂ{' -
2015 3rd OBT Ex. wheat CEA, France
4% OBT Workshop SNN-Cernavoda NPP, Romania 1.8 B e
2016 4 OBT Ex. grass SNN-Cernavodi NPP, Romania RN ARE S
5t OBT Workshop CEA, France = 4
2017 6t OBT Workshop University of Southampton & GAU, UK Tmm
2018 6t OBT Ex. fish CNL, Canada onferen e, Bchares “
7t OBT Workshop CNL, Canada i
2019 6t OBT Ex. quince SNN-Cernavoda NPP, Romania o o s
8th OBT Workshop SNN-Cernavoda NPP, Romania
2023 9th OBT Workshop SCK-CEN, Belgium
2024 7t OBT Ex. grapes SNN-Cernavoda NPP, Romania
2025 10th OBT Workshop SNN-Cernavoda NPP, Romania
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OBT Inter-laboratory comparison exercises

2013 - 2025

e el
Exercise

2013 potato AECL, Canada
2l 2014 sediment GAU Radioanalytical Laboratories, UK
3rd 2015 wheat CEA, France
4th 2016 grass SNN-Cernavoda NPP, Romania
SH 2018 fish CNL, Canada
6th 2019 quince SNN-Cernavoda NPP, Romania
7th 2024 grapes SNN-Cernavoda NPP, Romania
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The 7t OBT Intercomparison exercise

1. Preliminary activities:

+ Type of sample: fruits — grapes (Vitis vinifera L.) from its yard — was
chosen in September 2023;

» Sampling location: Environmental Control Laboratory yard — Cernavoda
town (2 km from the Cernavoda NPP);

» Reference date: 18 September 2023.
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The 7t OBT Intercomparison exercise

2. Tissue-Free Water Tritium analysis: o - |
M .
» Sample preparation: extraction of free water by azeotropic “‘\ ‘
distillation with toluene; mixing 8 ml TFWT : 12 ml of Ultima Gold ‘

LLT cocktail in 20 ml PE vials;
* Analysing systems: Tri-Carb 3180 TR/SL and Quantulus GCT 6220; ‘
* Fresh to dry mass ratio: 84% dehydration water; S

- 7] Aol e
"”;"'fw i f;;, W
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16% dry mass;
» Hydrogen percentage in dehydrated sample (H%):
. m % 2s =6.09 * 0.22 %, k=2 (ICSI-Rm. Valcea)
* TFWT activity in free water: 115 + 4 Bqg/L (k=2)
* TFWT activity in fresh sample: 96 + 3 Bg/kg (k=2)
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The 7t OBT Intercomparison exercise

3. Matrix preparation:

* Quantity: about 15 kg grapes; 12.2 kg net fresh sample; 2 kg of
dehydrated matrix; 50 g-75 g sample/ lab;

* Oven drying; blender cutting; coffee-grinding; homogenization;
determination of Hydrogen % on dehydrated matrix; sealing
subsamples.

-—__“-‘1!';
m---:&:
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The 7t OBT Intercomparison exercise

4. Sample preparation and measurement:
A. Combustion for OBT analysis:
Pyrolyser-6 Trio System from Raddec:

* 6-tubeTri-zone, Eurotherm 3504 and Nanodac
controllers, AGS (automated gas changing);

» Pt-alumina catalyst (10g/tube), Quartz wool;

* Heating profile: from 20°C — 800°C in 6 steps;
air and Oxygen;

+ 5 g of dehydrated sample/ Quartz boat;

+ 1.8 g-2.2 g of combustion water trapped
directly into 20 ml PE vials (Y — shape cap on
vial; vial into glass bubbler with anti-back
suction);

¢« 12 ml Ultima Gold LLT cocktail/ vial.
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The 7t OBT Intercomparison exercise

B. Measurements for OBT analysis:

» LSC analysers: Tri-Carb 3180TR/SL; Quantulus GCT 6220TR;

e 20 ml PE vial with 2 ml water of combustion : 12 ml Ultima Gold LLT cocktail;
¢ Measurement time: 500 min/ vial;

¢ H-3 window.

:

[
e
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The 7t OBT Intercomparison exercise

5. Registration of the participants and schedule:

» Registration deadline: 15t April 2024; 22 sub-samples were distributed to the participating
laboratories from 11 countries: Austria (1), Belgium (2), Canada (3), Croatia (1), France (4), Japan
(5), Monaco (1), Republic of Korea (1), Romania (2), Slovenia (1) and United Kingdom (1).

» Sample dispatch: April 2024;
* Reporting results deadline: 15t of October 2024, using the reporting form in Excel format.
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The 7t OBT Intercomparison exercise

6. Evaluation of the results:

+  Environmental Control Laboratory of the Cernavoda NPP prepared the evaluation of the results using
ISO 13528:2022 “Statistical methods for use in proficiency testing by interlaboratory comparison”,
robust method, algorithm A.

*  Results were reported for OBT_water of combustion [Bqg/L] and for OBT_dehydrated sample [Bqg/kg].
*  Types of equipments for sample treatment:

TYPE OF EQUIPMENTS FOR SAMPLE PREPARATION

He-ingrowth, 2

Parr Oxygen, 6

In-house
combustion
system/ oven, 6

Hyperbaric
Oxidizer, 1

Eraly pyrolyser,
5
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The 7t OBT Intercomparison exercise

6. Evaluation of the results (cont.):

*  Types of equipments for sample measurement:

TYPE OF EQUIPMENTS FOR SAMPLE MEASUREMENT

Mass
Spectrometry, 2

Hidex, 1

Quantulus 1220,
9

Tri-Carb, 2

Quantulus GCT
6220,5
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The 7t OBT Intercomparison exercise

6._Evaluation of the results (cont.):

. Results of Sample#19 were not included in the evaluation due to its inconsistency with the other 21 labs.
. OBT activity range with all data: 59.7 Bqg/L to 136.6 Bg/L w.o.c.;

. OBT activity range without outliers: 59.7 Bqg/L to 92.6 Bg/L w.o.c.

7th OBT ILC Exercise on grape matrix - OBT (Bq/L water of combustion)
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The 7t OBT Intercomparison exercise
6. Evaluation of the results (cont.):

. OBT activity range with all data: 32.7 Bg/kg to 69.0 Bq/kg d.w.;

. OBT activity range without outliers: 32.7 Bg/kg to 50.8 Bq/kg d.w.;

. Hydrogen % experimental values reported: 5.95% to 6.12 %,;

. Hydrogen % provided in the reporting form: 6.09 + 0.22 % (ICSI, Ramnicu Valcea, Romania).

7th OBT ILC Exercise on grape matrix - OBT (Bg/kg dehydrated sample)
80
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Sample no.
® Participant mean value [Bq/kg d.w.] ——— Assigned value [Bq/kg d.w.]
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The 7t OBT Intercomparison exercise

6. Evaluation of the results (cont.):
. Assigned values — robust analysis (Algorithm A), ISO 13528:2022, Bq/L w.o.c., Bg/kg d.w.

Assigned value (Bg/L w.o.c. Assigned value (Bg/kg d.w.

Standard Standard Standard Standard

deviation s(Xpt) uncertainty deviation s(Xpt) [uncertainty
Aroach B/L or S* u(Xpt Approach Ba/kg or S* u(Xpt
”thmet'c mean (all data 86 8 20.5 - Arithmetic mean (all data -
Arithmetic mean (excluding outliers - Arithmetic mean (excluding outliers _

I -_-
Robust analysis (Algorithm A m-_ Robust analysis (Algorithm A m__
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The 7t OBT Intercomparison exercise

6. Evaluation of the results (cont.):

Criteria
Calculation

Pass
criteria

Evaluation criteria:

% Deviation 7 score
- (%; = %) . 100 _ (x; ‘Sifref.)

xref.
(xref, + 35*) > D,
> (Xyef, = 357)

Z<2  -PASS

>3 -FALL

2<4<3 - CHECK

Zeta score Uncertainty
_ (xi - xref.) Upin = u(xref)
l \/uz(xi) U (trg)  Umax = 158
<2 -PASS Uiy < U(x;)
2<|¢)<3 - CHECK < Uy

(>3 -FALL

The 7t OBT Intercomparison exercise

6. Evaluation of the results (cont.): Evaluation criteria: % Deviation; Uncertainty

Results [Bg/L w.o.c.]
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6. Evaluation of the results (cont.): Evaluation criteria: Z score; Zeta score

The 7t OBT Intercomparison exercise

Z score

Z score

-

°
NUCLEARELECTRICA

Lab. no.

Results [Bg/L w.o.c.]
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Published articles related to HTO and OBT (2023 — 2024) — by the Radioprotection
Department of the Cernavoda NPP
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Conclusions

* The results obtained during the 7th OBT ILC exercises are
encouraging as most of the participating labs didn’t change the
observed dispersion of the results for a similar activity level.

» The Environmental Control Laboratory is certified by CNCAN
according to the ISO 17025 requirements; it is permanently
interested in the new developed radioanalytical techniques and is
improving its methods according to the national requirements and
the international standards in the nuclear field.

* Nuclearelectrica — Cernavoda NPP is interested to continue the
participation to the next OBT Workshops and Inter-laboratory
exercises with the following expected benefits:

= to promote good analytical practice for tritium analysis;

= to reduce analytical uncertainties in OBT analysis;

= to provide data to a better OBT model validation and
more accurate public dose estimates.
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