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ICSI Rm. Valcea gg:inonnigh_R\;a;iggch—Development Institute for Cryogenic and Isotopic Technologies

INCDDD “Danube Delta” National Institute for Research and Development

RIM Environmental impact report

CNCAN National Commission for Nuclear Activities Control

MMAP Ministry of Environment, Waters and Forests

ABADL Dobrogea - Litoral Water Basin Administration

ANM National Meteorological Administration

ADS Atmospheric tritium removal system

C-14 Radioactive carbon isotope with mass number 14

CANDU CANadian deuterium uranium

CBOs Biochemical oxygen consumption every 5 days

CDMN Danube-Black Sea Canal

CDS Cryogenic Distillation System

CECE-CD Combined Electrolysis and Catalytic Exchange — Cryogenic Distillation —

CLM Climate Limited-area Modeling

CMA Maximum allowable concentration

COG Candu Owners Group

CO2 Carbon dioxide

cov Volatile organic compounds

CTP Thermal Start-up Plant

D2/DT/HD Molecular species of hydrogen which have deuterium as their component

D20 Heavy water

DBE Design Basis Earthquake

DCF Dose conversion factor for ingestion

DE-CD Direct electrolysis - cryogenic distillation

DFDSMA Final Storage Facility for Low and Medium Active Waste

DICA Intermediate Storage Facility for Spent Fuel

DIDSR Intermediate Storage Facility for Radioactive Solid Waste

DJ County Road

DTO Tritiated heavy water

DTRF Darlington tritium removal facility

ENEV Expected no effect values

EWS Emergency water pumping station

Fj Boreholes (wells)

GES Greenhouse gases
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H.C.L. Local Council Decision

H-3 Tritium. Radioactive hydrogen isotope with mass number 3

HIRHAMS5 High Resolution Hamburg Area Model version 5

HTET High tritium expansion tank

HVAC Heating, ventilation and air conditioning system

HWFS Heavy water feed system

IAEA International Atomic Energy Agency

ISU Inspectorate for Emergency Situations

ITC Immobilized Tritium Container

LBD Licensing basis document

LCM Environment control laboratory

LCS Heavy water drainage and collection system

LDE Derived emission limits

LEL Lower explosion limit

LMI List of historical monuments

LPCE Liquid phase catalytic exchange system

LPCE - CD Liquid phase catalytic exchange - cryogenic distillation

LTET Low tritium expansion tank

nMB Reference elevation above the Baltic Sea level

MEL Liquid effluent monitor

NDR Fundamental rules for the safe management of radioactive waste

NEx _Regulat_ions _for the design, execution, verification and operation of electrical
installations in hazardous areas

NOx Nitrogen oxide

NP Design regulations

NSR Norms of Radiological Safety

ONG Non-governmental organization

OPEX Operational experience

ALARA As Low As Reasonable Achievable

PCA Access control point

PEHD High density polyethylene

PESTD Experimental Pilot Facility for Separation of Tritium and Deuterium

PSAR Preliminary safety analysis report

PSI Prevention and firefighting

PVvC Polyvinyl chloride

PVC-KG Type of non-plasticized polyvinyl chloride pipes, triple layer, used for sewers

RACMO Regional climate model

RCA4 - IPSL Rossby center regional climate model 4 - Institute Pierre Simon Laplace

RCA4 - MPI Rossby Center Regional Climate Model 4 - Max Planck Institut fir Meteorologie

RCA4-ICHEC Rossby Center Regional Climate Model 4 - Irish Center for High End Computing

REACH Registration, Evaluation, Authorization and Restriction of Chemicals

REMO Regional model

RIM Environmental impact report

RNMCA National Air Quality Monitoring Network
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SCI Site of Community Importance

SDG Stand-by Diesel Generator

SF Feasibility study

SLD Below the detection limit

SOz Sulphur dioxide

SPA Avifauna Special Protection Area

STA Water Treatment Plant

TGHSS Tritium gas handling and storage system
TRS Tritium retention system

UT.R Territorial Reference Unit

Ul Unit 1

U2 Unit 2

UAT Territorial administrative unit (TAU)

UEL Upper explosion limit

UNESCO United Nations Educational, Scientific and Cultural Organization
VCE Vapor cloud explosion

VPCE-CD Vapour phase catalytic exchange - Cryogenic Distillation
WRF Weather Research and Forecasting model
WTRF Wolsong tritium removal facility

Zdl Zone of influence

Measurement units

Ci Curie

Bq Becquerel

dB Decibel

kBq KiloBecquerel

LAeq Equivalent continuous sound level

Sv Sievert
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GENERAL INFORMATION

Introduction

This paper represents the Environment Impact Assessment Report for the project "Construction
works of the heavy water tritium removal facility" (CTRF) at Cernavoda NPP, an investment
made by Nuclearelectrica SA National Company, the beneficiary of the Report.

This project is located on the NPP Platform, Cernavoda city, Constanta county. This paper has
been prepared in order to obtain the Environmental Permit for carrying out the investment.

The environmental impact assessment report was prepared at the request of the owner within the
environmental impact assessment procedure, in accordance with the provisions of Law no.
292/2018 on assessing the impact of certain public and private projects on the environment.

Following the screening stage, the Ministry of Environment, Waters and Forests (MMAP) issued
the Screening Stage Decision no. 1 of 23.12.2019, according to which the project is subject to the
Environmental Impact Assessment procedure, being compliant, according to Law no. 292/2018
on the assessment of the impact of certain public and private projects on the environment, in
Annex no. 2, point 13, letter a).

The environmental impact assessment report is drawn up in accordance with Annex no. 4 of Law
no. 292/2018 on the assessment of the impact of certain public and private projects on the
environment, taking into account the requirements of the MMAP transposed by the Guideline on
issues relevant to environmental protection to be developed in the Environmental Impact Report,
depending on the nature, size and location of the project no. DEICP / 8885 of 10.09.2020.

DSPJ Constanta issued the Sanitary Permit for Site location and Construction no. 14497 /
17.08.2020, while the the Environmental Impact Assessment Report for the CTRF Project was
wrote. Also, the Water Management Permit from ANAR was applied for the decision of this
authority being that it is not necessary to elaborate SEICA (ANAR letter no. 26518 / DSC /
23.12.2019).

In preparing this Report on the environment impact assessment of CTRF, the provisions of the
following normative acts were also considered:

- Law no. 292/2018 on assessing the impact of certain public and private projects on the
environment;

- Law no. 59/2016 on the control of major accident hazards involving dangerous
substances;

- Law no. 95/2006 on health care reform, as subsequently amended and supplemented;

- Water Law no. 107/1996, with subsequent amendments and supplements;

- Law no. 111/1996 on the safe conduct, regulation, authorization and control of nuclear
activities, as subsequently amended and supplemented;

- Law no. 22/2001 for the ratification of the Convention on Environmental Impact
Assessment in a Transboundary Context, adopted at Espoo on 25 February 1991,

- Law no. 289/2015 for the acceptance of the second amendment to the Convention on
Environmental Impact Assessment in a Transboundary Context, adopted at Espoo on
February 25, 1991, ratified by Romania by Law no. 22/2001, adopted by Decision Il / 7 of
the Third Meeting of the Parties in Cavtat on 1-4 June 2004,

- Law no. 49/2011 for the approval of the Government Emergency Ordinance no. 57/2007
on the regime of protected natural areas, conservation of natural habitats, wild flora and
fauna;

- Law no. 5/2000 on the approval of the National Territory Infrastructure Improvement with
subsequent amendments and supplements;

- Law no. 104/2011 on ambient air quality with subsequent amendments and supplements;

- Law no. 249/2015 on package and waste package management;

- Lawno. 301/27.11.2015 on establishing the requirements for the protection of the public
health regarding radioactive substances in drinking water;
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- Law no. 458/2002 on drinking water quality with subsequent amendments and
supplements;

- Order 269/2020 on the approval of the general guide applicable to the stages of the
environmental impact assessment procedure, the guide for environmental impact
assessment in a transboundary context and other specific guidelines for different areas
and categories of projects;

- Order no. 828/2019 on the approval of the Procedure and powers for issuing, amending
and withdrawing the water management permit, including the procedure for assessing the
impact on water bodies, the Content Standard of the technical documentation subject to
approval, as well as the Framework Content of the Study on impact assessment on water
bodies;

- Order no. 119/2014 of February 4, 2014 for the approval of the Norms of hygiene and
public health regarding the living environment of the population, with the subsequent
modifications and supplements;

- Order no. 994/2018 for the amendment and completion of the Norms of hygiene and public
health regarding the living environment of the population, approved by the Order of the
Minister of Health no. 119/2014;

- Order no. 1524/2019 for the approval of the Methodology for organizing studies to assess
the impact of certain public and private projects on the health of the population;

- Order no. 3299/2012 for the approval of the methodology for conducting and reporting
inventories on emissions of pollutants into the atmosphere;

- Order no. 19/2010 for the approval of the Methodological Guide on the adequate
assessment of the potential effects of plans or projects on protected natural areas of
Community interest with the additions and amendments in force (Order No. 262/2020
amending the Methodological Guide on the adequate assessment of the potential effects
of projects on protected natural areas of community interest, approved by Order of the
Minister of Environment and Forests No. 19/2010;

- Order no. 381/2004 on the approval of the Basic Sanitary Norms for the safe conduct of
nuclear activities, with subsequent amendments and supplements;

- Order of the Minister of Health, of the Minister of National Education and of the President
of the National Commission for the Control of Nuclear Activities no. 752/ 3.978 / 136/2018
for the approval of the Norms regarding the basic requirements of radiological safety;

- CNCAN Order no. 72 / 30.05.2003 approving the CNCAN Norms regarding the specific
requirements for the quality management systems applied to the construction- installation
activities for nuclear installations (NMC-08);

- CNCAN Order no. 145/2018 for the approval of the Norms regarding the estimation of the
effective doses and of the equivalent doses due to the internal and external exposure;

- CNCAN Order no. 286 / 24.09.2004 (NMC 02) - Norms regarding the general
requirements for the quality management systems applied to the construction, operation
and decommissioning of nuclear installations, approved by the Order of the CNCAN
President no. 66/2003, published in the Official Gazette of Romania, Part I, no. 681 bis of
September 26, 2003, amended by Order no. 286/2004 of 27.08.2004 published in the
Official Gazette of Romania, Part |, no. 874 of 24/09/2004;

- CNCAN Order no. 360/2004 - Norms regarding the calculation of the dispersion of
radioactive effluents discharged into the environment by nuclear installations approved by
Order of the President of CNCAN no. 360 / 20.10.2004 and published in the Official
Gazette of Romania, Part | no.1.159 bis / 08.12.2004;

- CNCAN Order no. 361/2004 - The norms regarding the meteorological and hydrological
measurements at the nuclear installations approved by the Order of the President of
CNCAN no. 361/ 20.10.2004 and published in the Official Gazette of Romania, Part | no.
1,189 bis / 13.12.2004;

- Order no. 2202/2020 regarding the approval of the lists with the administrative-territorial
units drawn up following the classification in the management regimes of the areas from
the zones and agglomerations provided in annex no. 2 to Law no. 104/2011 on ambient
air quality;
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- Order of the Minister of Culture no. 2314/2004, with subsequent amendments and of the
National Archaeological Repertory provided by Government Ordinance no. 43/2000 on
the protection of the archaeological heritage and the declaration of some archeological
sites as areas of national interest, republished, with the subsequent modifications and
supplements;

- Emergency Ordinance no. 195/2005 on environmental protection, with subsequent
amendments and supplements;

- Government Emergency Ordinance no. 92/2021 on the regime of waste products;

- Emergency Ordinance no. 57 of June 20, 2007 on the regime of protected natural areas,
conservation of natural habitats, wild flora and fauna;

- Emergency Ordinance no. 5/2015 on waste electrical and electronic equipment;

- Decision no. 856/2002 on the record of waste management and for the approval of the list
of wastes, including hazardous waste with subsequent amendments and supplements;

- Government Decision no. 431/2020 for the amendment and completion of the
Government Decision no. 786/2014 on the approval of the List of installations and special
objectives of national interest, financed from the funds of the Ministry of Education and
Scientific Research;

- Government Decision no. 84/2019 on the issuance of the environmental permit for the
National Society "NUCLEARELECTRICA" - SA - Branch "Cernavoda NPP - Unit No. 1
and Unit No. 2 of the Cernavoda Nuclear Power Plant";

- Government Decision no. 352/2005 regarding the modification and completion of the
Government Decision no. 188/2002 for the approval of some norms regarding the
discharge conditions in the aquatic environment - The norm regarding the wastewater
discharge conditions in the sewerage networks of the localities and directly in the
treatment plants, NTPA-002/2002;

- Government Decision no. 617/2014 on the establishment of the institutional framework
and measures for the implementation of Regulation (EU) no. 528/2012 of the European
Parliament and of the Council of 22 May 2012 on the making available on the market and
use of biocidal products, as subsequently amended and supplemented;

- Government Decision no. 1061/2008 regarding the transport of waste on the Romanian
territory;

- Decision no. 1425/2006 for the approval of the Methodological Rules for the application
of the provisions of Law no. 319/2006 on the occupational health and safety;

- Directive 2000/60 / EC of the European Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the field of water policy;

- Directive 2014/52 / EU of the European Parliament and of the Council of 16 April 2014
amending Directive 2011/92 / EU on the assessment of the effects of certain public and
private projects on the environment (including annexes);

- Directive no. 49/2002 on the assessment and management of ambient noise;

- Council Directive 79/409 / EEC on the conservation of wild birds as amended by Directive
2009/147 | EC of 30 November 2009;

- Directive 2009/147 |/ EC of the European Parliament and of the Council of 30 November
2009 on the conservation of wild birds;

- Council of the European Union Directive 92/43/1992 on the conservation of natural
habitats and of wild fauna and flora (Habitats Directive) - last amended in 2013 following
Croatia's accession to the EU;

- NSR 21 - Standard for monitoring radioactive emissions from nuclear and radiological
installations;

- NSR 22 - Standard for monitoring the radioactivity of the environment in the vicinity of a
nuclear or radiological installation;

- NSR 23 - Rules for the calculation of the dispersion of radioactive effluents discharged
into the environment by nuclear installations;

- NDR 01 - Fundamental norms for the safe management of radioactive waste;

- NDR 04 - Rules on limiting the release of radioactive effluents into the environment;

- NDR 03 - Rules on the classification of radioactive waste;
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- 1 9-2015 - Norm regarding the design, execution and operation of sanitary installations
related to buildings, M.D.R.A.P(Ministry of Regional Development and Public
Administration);

- NP 120-2014- Norm regarding the requirements for design, execution and monitoring of
deep excavations in urban areas;

- NP 099-04 / 2005 - Norm for the design, execution, verification and operation of electrical
installations in areas with danger of explosion;

- NCN-01 - Norm regarding the authorization of the execution of nuclear-specific
constructions, NCN-01 approved by the Order of the CNCAN President no. 407/2005;

- NSN-02 - Nuclear safety standard for the design and construction of nuclear power plants;

- NSN-09 - CNCAN norms regarding the protection of nuclear power plants against fires
and explosions;

- NEx 01-06 / 2007 - Explosion prevention regulations for the design, installation,
commissioning, use, repair and maintenance of technical installations operating in
potentially explosive atmospheres;

- NSN-22 - CNCAN rules regarding the authorization of nuclear installations.
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Name of the investment objective:

"Construction works for the heavy water tritium removal facility"
Location and Address:

NPP platform, Cernavoda city, Constanta county

Project holder / Beneficiary:

SN Nuclearelectrica SA

Headquarters address:

Bucharest 010494 Sector 1

65 Polona Street, ZIP CODE 22-102
Tel: + 40 21 203 8200

Fax: + 40 21 316 9400

Email: office@nuclearelectrica.ro
Web: www.nuclearelectrica.ro

Cernavoda NPP branch

Address:

Cernavoda 905200

2. Medgidiei Street, ZIP CODE 42
Constanta County, Romania

Tel: + 40 241 239 340 + 346

Fax: +40 241 239 266

Email: corespondenta@cne.ro

The developer of the Environmental Impact Assessment Report:

“Danube Delta” National Institute for Research and Development - DDNI Tulcea

Certificate of attestation Series RGX no. 077 / 25.11.2021, certified expert - main level for the
elaboration of the following environmental studies in the fields of attestation: RIM1, RIM2, RIM3,
RIM4, RIM6, RIM8, RIM11a, RIM11b, RIM11c, RIM13b; RA1, RA8, RA1lb; RM1, RM3, RM11a,
RM11b, RM12, RM13b; RS3, RS1ic; BM1, BM3, BM8, BM11a, BM11c, BM13b; EA; EGCA; MB;
issued by the Romanian Environmental Association 1988; valid until 25.11.2024.

Address:

Tulcea 820112

165 Babadag Street
Tulcea County, Romania
Tel: (+4) 0240 524546
Fax: (+4) 0240 533547
Email: office@ddni.ro

Web: www.ddni.ro
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1. PROJECT DESCRIPTION
1.1 Project location
1.1.1 General description of the site

The project “Construction works for the heavy water tritium removal facility” - CTRF will be
developed on the current site of Cernavoda NPP, in Constanta County at approx. 2 km southeast
of the town of Cernavoda, approx. 1.5 km northeast of the first lock of the Danube-Black Sea
waterway, on the land in the area of the platform resulting from the excavations of the former
limestone quarry "llie Barza".

The NPP site is bordered on the north by the Cigsmelei Valley, and on the southwest by DJ
223(county road). The land inside the Cernavoda NPP, on which the CTRF project will be built,
is located in the fixed front of the power plant and is limited by the slope towards Saligny Hill and
the main road from the NPP premises - which allows access from the PCA1 gate to the Water
Treatment Plant (STA), the Thermal Start-up Plant (CTP) and leads to the Intermediate Storage
Facility for Radioactive Solid Waste (DIDSR). On one side it is partially bordered by a concrete
wall which acts as protection against explosion (Figure 1.1.1.1).

744000

faer and

Figure 1.1.1.1 Location of the CTRF project site inside the Cernavoda NPP

1.1.2 Land use regime in the site area

In accordance with the legislation in force in the nuclear field, the lands related to the Cernavoda
NPP site will be used only with the approval of the National Commission for Nuclear Activities
Control, allowing only constructions related to the operation of the Nuclear Power Plant.

The legal situation of the land on which the CTRF project is located was established by the Decree
of the State Council no. 31/ 27.01.1986 (for the construction of Cernavoda NPP Units 1-5), the
land being expropriated.
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The land occupied by Cernavoda NPP and implicitly CTRF is the property of SNN SA according
to the Certificate of attestation of the ownership right over the lands, series M03 no. 5415 issued
by the Ministry of Industries and Resources, on 25.04.2000. According to the Urbanism Certificate
no. 97 of 16.05.2018 the land on which the CTRF project is located [1]:
e s located in the town of Cernavoda, Constanta County, according to PUG (General Urban
Plan) approved by HCL (Local Council Decision) no. 242/2014;
e islocated in UTR A3 - subzone of production units related to NPP.

1.1.3 Distance to the Borders of Bulgaria, Ukraine and the Republic of Moldova

The Project falls under the Convention on Environmental Impact Assessment in a Transboundary
Context, adopted at Espoo on 25 February 1991, ratified by Law no. 22/2001, with subsequent
supplements.

Figure 1.1.3.1 shows the distance from the Cernavoda NPP site to the borders of the nearest
states in the vicinity of Romania [1].

e approx. 36 km from Bulgaria;

e approx. 110 km from Ukraine;
approx. 127 km from the Republic of Moldova.

Amplasament
CNE Cernavoda

®calaras

—
BULGARTA

Figure 1.1.3.1 Distances to the nearest borders
1.1.4. Objectives located in the vicinity of the site

The objectives located in the vicinity of the CTRF project site are the following (Annex 1): Drinking
Water Pumping Station, Drinking Water Tanks, Diesel Pump Station, Diesel Tanks, Stand-by
Diesel Generator Groups, Technical Gas Storage, Demineralized Water Storage Tanks, Power
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Output Transformers, Chillers Unit, Start-up Power Plant, Own Services Electric Unit, Pipe
Support (from Unit 0).
The distances from the CTRF project site to these points are as follows:

34 m from the Drinking Water Pumping Station;

20 m from the Drinking Water Tanks;

19.5 m from the Diesel Pump Station;

35 m from the Diesel Tanks;

44 m from the Stand-by Diesel Generator Groups;
49 m from the Technical Gas Storage;

45 m from the Demineralized Water Storage Tanks;
100 m from the Power Output Transformers;

90 m from the Chillers Unit;

75 m from the Start-up Thermal Power Plant;

120 m from the Common Station Services Electric Unit;
25 m from the Pipe Support (from Unit 0).

1.1.5 The distances between the location of the works and the objectives of interest

The public interest objectives, distance from human settlements, respectively from
historical and architectural monuments, other areas on which there is a restricted regime,
areas of traditional interest, etc.

Around each nuclear unit the following are established:

e exclusion zone with a radius of 1 km - in which no other activities are admitted than those
carried out within the NPP; Measures are taken to exclude the location of permanent
residences for the population and the development of socio-economic activities that are
not directly related to the functioning of the nuclear objectives of the Cernavoda NPP.

e sparsely populated area - within a radius of 2 km from the nuclear objective - in which
measures are taken to restrict the location of permanent residences for the population and
the development of socio-economic practices.

The closest localities in the area of influence of Cernavoda NPP as a whole are [1]:

e The city of Cernavoda with 18602 persons domiciled on January 1, 2020 - located at
approx. 1.6 km NW compared to the NPP-Cernavoda platform;

e The village of Stefan cel Mare with a population of approx. 546 inhabitants in 2011 —
located approx. 2 km SE of Cernavoda NPP.

The localities Seimeni (about 8.1 km), Capidava (about 19.5 km) and Topalu (about 25.3 km) are
located downstream of the discharge of the cooling water from NPP Cernavoda into the Danube.

The Cernavoda NPP platform is located in an area with a concentration of the built cultural
heritage of national interest in the territory - Cernavoda city, Mircea Voda and Topalu communes
[1].

The location of the site in relation to the cultural heritage according to the List of Historical
Monuments, updated, approved by the Order of the Minister of Culture no. 2314/2004, with
subsequent amendments and the National Archaeological Repertory provided by
Government Ordinance no. 43/2000 on the protection of the archaeological heritage and
the declaration of some archaeological sites as areas of national interest, republished,
with subsequent amendments and supplements

The nearest are the archeological sites from Axiopolis - approx. 2.6 km VSV, medieval settlement
Dealu Viforului - approx. 3.6 km VSV and Valul de piatra de la Cernavoda - approx. 2.7 km VSV.

Among the closest representative historical monuments in the city of Cernavoda is Geamia ~ 3
km, the Church “Sf. imparati Constantin si Elena’~ 3.5 km and Carol | Bridge with the statues*
Dorobantii "~ 4 km. The following historical monuments can be found at a distance of up to 30 km
from the NPP platform: Cetatea Capidava ~ 20 km (Capidava locality), Cetatea Sacidava ~ 25 km
(Dunareni locality) and the "Inginer Anghel Saligny " Bridge - approx. 3.8 km VNV.
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1.2 The physical characteristics of the whole project
1.2.1 The need for the project

SNN - SA Cernavoda NPP Branch currently owns 2 nuclear power units in commercial operation,
Unit 1 since December 1996, and Unit 2 since October 2007, each being equipped with a CANDU
6 —-PHWR (Canadian Deuterium Uranium 600 MWe - Pressurized Heavy Water Reactor, with a
thermal power of 2061.4 MWt and a turbogenerator with an electric power of 706,5 MWe. For
Units 1 and 2 of Cernavoda NPP, the Environmental Permit was issued, by GD no. 84/2019
replacing the Environmental Permit issued by GD 1515/2008, which in turn replaced the
Environmental Permit No. 2 of 23.08.2005 (GD 1008/2005).

In a CANDU reactor that uses heavy water in nuclear systems as a moderator and primary heat
transfer agent (coolant), tritium is produced by the transformation of deuterium (the isotope of
hydrogen in the heavy water component) under the influence of neutron fields, resulting in
generation of tritiated heavy water (DTO). In the normal operation of a CANDU reactor, the
concentration of tritium formed in heavy water increases to a steady state, in which the formation
of tritium is balanced by its radioactive decay.

For the typical CANDU-6 reactor, the steady state tritium level is reached after 2/3 of the reactor’s
life cycle. By operating CTRF the value of tritium concentration for heavy water in the Moderator
System will be reduced from 80-90 Ci/ kg to about 10 Ci/ kg and below 2-2.5 Ci/ kg for the heavy
water in the Primary Heat Transport System.

The tritium concentration of the heavy water moderator when feeding the CTRF installation is
max. 54 Ci/ kg. For higher values of tritium concentration, in the first months of operation of the
plant, its reduction will be achieved by dilution with heavy water with low tritium concentration. As,
for Unit 1, the concentration of tritium in the moderator circuit has exceeded the CTRF operating
limit, initially the supply to the plant will be performed by reducing this concentration by dilution
with virgin heavy water. Thus, if a concentration of 85 Ci / kg is considered in the U1 moderator
circuit, a dilution of approximately 1.6 times will be required for the first portion transferred to
CTRF. This dilution will gradually decrease until the supply can be made directly without dilution.

The CTRF installation planned to be carried out by this Project will take over alternately and will
ensure the Tritium removal of the heavy water used in the nuclear systems from the U1 and U2
reactors of Cernavoda NPP [1]. The Tritium removal plant will be used in the operation phases of
U1, respectively of U2 Cernavoda NPP and in the decommissioning phase of Ul and U2
Cernavoda NPP. CTRF will reduce the amount of radioactive waste resulting from the
decommissioning phase of U1l and U2 Cernavoda NPP, by removing the tritium from the heavy
water used by the two reactors.

The CTREF installation can ensure the Tritium removal of tritiated heavy water from the nuclear
systems of the future project Cernavoda NPP Units 3 and 4, in this case the value at which the
tritium concentration will be reduced in the moderator of each unit will be established as well as
the way of transfer of the heavy water units from Units 3 and 4 to the CTRF.

The CTRF project represents a concretization at the highest level of the continuous commitment
of Cernavoda NPP for improving the environmental performance and reducing the discharge of
tritium into effluents, with a positive impact on the protection of the population and the
environment, while ensuring the reduction of workers’ occupational exposure to tritium, with a
positive impact on ensuring the protection of staff health.

The performance and implementation of the project avoids the classification of tritiated heavy
water as radioactive waste at the end of nuclear reactor operation and the inclusion of
management stages of this category of radioactive waste in the decommissioning plan of Units 1
and 2 Cernavoda NPP, thus avoiding the need to manage larger volumes of radioactive waste,
including its final disposal.

The implementation of the CTRF project has a positive impact because it allows a significant
reduction of the total inventory of tritium (radioactive isotope of hydrogen) from the CANDU type
Nuclear Power Plant by:
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e reducing the level of risks of generating radioactive effluents and emissions of tritium in
the environment, risks associated with the transport of a large amount of heavy water with
a high concentration of tritium through the nuclear systems of the plant,

e reducing staff exposure and reducing the cost of providing personal radiation protection
equipment.

1.2.2 The program for the implementation of the project

The major steps in the implementation of the CTRF project are the following:

¢ Awarding the implementation contract of the project “Engineering Procurement Construction”
- 2022;

e Completion of the detailed design by the contractor to be able to start the supply of

components with a long delivery period “long lead items” -2022;

Start of construction and installation works - 2023;

Commissioning - 2024;

Trial operation - 2025 - 2026 (6 months from PIF);

Transfer to operation - 2026.

1.2.2.1 The main stages of the project

The implementation of the project involves the following main steps:
¢ Completion period - which includes construction - installation activities, technological tests
/ commissioning;
e Operating period;
e Decommissioning of the installation;
e Subsequent restoration of the area.

1.2.2.2 Estimated duration
The estimated duration is presented in the CTRF Project Implementation Chart (Table 1.2.2.1).

Table 1.2.2.1 CTRF project implementation schedule

Major stages of CTRF project
implementation

Award of the implementation contract for
the project “Engineering Procurement
Construction”

Completion of the detailed design for the
start-up by the contractor of the “long lead
items” supply

Carrying out construction and installation
works

Commissioning

Trial operation
(6 months from PIF)

Transfer to operation

b
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1.2.2.3 Description of main components of the project, including associated / auxiliary
works and facilities for public safety and environmental protection

The description of the project used for the environmental impact assessment in this Report is
based on the conceptual design documentation produced so far. Following the development of
the details design and completion of the equipment configuration, some deviations may occur
from the data considered in the conceptual project. The beneficiary of the installation will follow
these possible deviations and will ensure that they will be in the direction of improving the project,
without negatively affecting the environmental impact assessments in this Report.

The technological systems part of the CTRF that ensure the reduction of the tritium content in
heavy water, its separation and storage (T2) are structured as follows: main process systems and
operational support systems, presented below [1].

A. Three main technological systems:

1. Liquid phase catalytic exchange - LPCE (The flow diagram in principle is shown in Figure
1.2.2.3.1) constitutes the initial "front-end" area of the installation and has as main elements [1]:

a) isotope exchange columns (which are equipped with mixed catalytic packing);

b) one temporary storage vessel of tritiated heavy water (supply) and detritiated (heavy water
product);

¢) purification-drying of the process gas containing tritiated deuterium in order to supply the
cryogenic distillation system (CD);

d) process compressors, which transport the process gas in the closed circuit between the LPCE
and the CD;

e) process pumps, which ensure the circulation of heavy water in the LPCE system and the return
to U1, U2, after tritium removal.

CONDENSATOR

spre USCATOR

DEGAZOR SITA MOLECULARA

" REZERWOR
0,0 TRITIATA, ¥ ALIMENTARE

SCHMBATOR
DE CALDURA,

> =<
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de la DISTILAREA
CRIOGEMCA,

LPCE

RACITOR

Q

REZERYOR PRODUS pOMPA,

0,0 DETRITIATA

Figure 1.2.2.3.1 Schematic diagram of the isotope exchange system-LPCE

Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019
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Inputs to the LPCE system:

e tritiated heavy water (3,000 kg in campaigns, at a maximum interval of 3 days; heavy water
process flow 40 kg / h, tritium content - 54 Ci / kg in the case of moderator heavy water
from U1 or U2. The purification flow of the heavy water supply system is within the input
limits for LPCE, it can be between 0.4 1/s and 1.1 | / s depending on the condition of the
resin. This flow will ensure the purification of tritiated heavy water, necessary for the
continuous operation of the Catalytic Isotopic Exchange System, according to 79-38570-
613-DR-1rev.2.

e D, process gas- supplied by the cryogenic distillation system (CDS). The initial inventory
of Dy, as well as the subsequent make-up are obtained by electrolysis of virgin heavy
water!, within the deuterium gas supply system.

Note!: Nuclear heavy water which has not been exposed to radiation.

The moderator purification system, in normal operation, without extraction of poison, ensures a
normal purification for the corrosion products formed in the Main Moderator System, on the
components made of stainless steel and zirconium alloy. The normal purification flow rate is
passed through a mechanical filter with a 5um mesh and a deionizer with ion exchanger resin, a
half-life of approx. 8.30 hours. The determined activity for the specified radionuclides, except for
noble gases (Na-24, Cr-51, Mn-56, Co-58, Fe-59, Co-60, Cu-64, Zn-65), at the exit of the
purification system is below the detection limit. Thus, the operating efficiency of the moderator
purification system (designed) in normal operation is achieved.

The primary heat transport agent purification system, in normal operation, to reduce the
concentrations of impurities in heavy water, provides a combined filtration for the control of
insoluble impurities (mechanical filtration with 2 um mesh) and the use of ion exchange columns
(in normal operation a deionizer with ion exchange resin is in service) for the control of soluble
impurities and fission products (iodine). The normal purification flow rate provides a half-life of 1
hour necessary to reduce the concentration of impurities by half. The determined activity for
radionuclides specified in the chemical operating documentation (Na-24, 1-134, 1-131, Co-60),
except for the noble gases, at the output of the Primary Heat Transport purification system is
below the detection limit. Thus, the operating efficiency of the primary heat transport (designed)
system in normal operation is achieved.

Qutputs from the LPCE system:

o detritiated heavy water (tritium content - 0,5 Ci / kg) which is collected from the base of
the last catalytic isotope exchange column in a temporary storage vessel of processed
heavy water with a maximum storage capacity of 3500 kg and which is transferred to the
HWPS heavy water purification system, after which it returns to the U1 or U2 heavy water
management systems, depending on the source of the heavy water;

e tritium-enriched gas flow (D, / DT / HD) which is collected at the top of the first isotope
exchange column and which after a purification step (moisture retention and possible
traces of oxygen and nitrogen), is transferred to the cryogenic distillation system.

2. Cryogenic distillation system - CDS (schematic flowchart is presented in Figurel.2.2.3.2)
constitutes the tritium concentration zone, the final “back-end” zone of the facility and has the
following main elements:

e 4-column cryogenic distillation cascade, in which the separation and concentration of
tritium from the gas phase takes place, and

e helium refrigeration unit, which has the role of cooling the condensers of the distillation
columns.
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Figure 1.2.2.3.2 Schematic diagram of the cryogenic distillation system - CDS
Source: “Nuclearelectrica” S.A. National Society, Presentation Memorandum - Construction works for heavy water tritium removal
facility, Variant for authorities - May 2019

CDS system inputs:

e D,/DT/HD qgas flow

CDS system outputs:

e tritium gas, which is transferred to the handling and storage system
e deuterium gas, which is recirculated to LPCE

If it is necessary to empty the distillation system in a controlled manner or as a result of an
incident/accident occurring during operation, expansion vessels have been provided for the entire
inventory of gas in processing within the cryogenic distillation columns.

3. Tritium gas handling and storage system - TGHSS (Figure 1.2.2.3.3), is located in a glove
box, made of stainless steel and removable polycarbonate windows containing glove inlets and
comprises the following main elements:

a) the tank for measuring the specific activity of tritium from CDS;

b) tritium storage containers on titanium bed (active and reserve) - Immobilized Tritium
Container (ITC);

c) uranium bed storage vessel used to clean the gas by adsorbing any other gas (deuterium
and protium) generated as a result of abnormal operation. Abnormal operation refers to a
quantitative presence of deuterium and protium (light hydrogen atom, whose nucleus
consists of a single proton) in the tritium gas stream transferred to TGHSS, which may be
the result of an inefficient process of tritium separation in LCPE, respectively of tritium
concentration in CDS;

d) storage container transfer port.
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Figure 1.2.2.3.3 WTRF-Korea tritium gas handling and storage system
Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019

The analysis of tritium inventory in TGHSS must have an accuracy of + 3%.

The Immobilized Tritium Containers are store in a room with concrete walls located in the
basement of the CTRF building, ensuring the storage of ITCs resulting from the processing of
heavy water in the CTRF. The tritium storage vault is an integral part of the building and is
designed with a wall and ceiling thickness of approx. 1000 mm and floor thickness of approx.1200
mm. The storage capacity is sized for the storage of all the resulting ITCs during the entire period
of operation of the CTRF.

B. Operational support systems to ensure safety and maintenance in operation, as well as in
the event of unplanned shutdowns or breakdowns [1].

e Ventilation system - HVAC aims to reduce the likelihood of explosion in the CTRF, to
ensure air circulation between the CTRF radiological areas and to provide an adequate
environment (ventilation and air conditioning) for the protection of personnel and the
operation of equipment. The ventilation system comprises of 6 separate mechanical
ventilation subsystems, respectively for the area of the hydrogen process systems, the
area of the CTRF control room, the area of the battery room, the rooms of the compressors
(helium and air) and the area occupied by process equipment without hydrogen.

e Atmospheric tritium removal system - The role of ADS is to reduce the concentration
of tritium in the atmosphere of the rooms with, where tritium heavy water is transported
and processed, when the tritium concentration in the air exceeds the established
thresholds, in case of accidental leakage or damage. ADS uses a blower to make a
negative pressure gradient in these rooms and ensures, by means of a catalytic
recombinator, a recovery of tritium vapors, in order to keep the tritium concentration below
the allowed limit, when evacuating the air to the installation stack.

e Tritium retention system - TRS it is of the stand-by type, it comes into operation at the
time of maintenance, commissioning and unplanned shutdowns. TRS has the basic
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function of recovering tritium and deuterium from the systems that process these gases
and is equipped with dynamic equipment (pumps and blowers) and mechanical filters,
100% redundant.

e Heavy water drainage and collection system - The role of LCS is to manage the heavy
water resulted when the installation is emptied, during periods of outage and maintenance
operations, in order to be reused in the process or returned to the NPP systems, as the
case may be. The LCS consists of a network of drain pipes from the equipment containing
process water (LPCE, TRS and ADS) which is connected to a collector that supplies a 0.8
m? tank located at the bottom of the drainage in the technological area of CTRF.

The tank is equipped with a water sampling point for the analysis of tritium and deuterium
content, before being returned to the heavy water supply or product tanks, from the LPCE
system, or to the active drainage system of the facility. Ventilation of the drainage and
heavy water collection system is performed in the supply collector of the tritium retention
system - TRS.

1.2.3 Structural components
1.2.3.1 Construction details

The construction of the CTRF is to be carried out based on the Site Approval and Construction
Permit issued by CNCAN in accordance with the Norms regarding the authorization of nuclear
installations, NSN-22, approved by the CNCAN President Order no. 336/2019 and with the Norm
on the authorization of the execution of nuclear-specific constructions, NCN-01 approved by
CNCAN President Order no. 407/2005.

The construction of the CTRF building, with a height of approximately 25 m, is a DBE (Design
Basis Earthquake) and consists of:

Infrastructure: a C16 / 20 reinforced concrete foundation plate foundation and a 2-level
basement, which will be a rigid structure with C30/ 37 reinforced concrete elements (walls, pillars,
beams and floor).

Superstructure: tiered metal structure developed on 5 levels (ground floor, 3 levels and 1 partial
level), with the resistance elements made of OL52.2k steel sections. The CTRF construction will
be provided with 3 types of floors, arranged as follows:

1. Forthe basement area, reinforced concrete floors class C30 / 37 cast monolith;

2. For superstructure, reinforced concrete floors class C30 / 37 cast monolith with
corrugated sheet metal formwork;

3. For the technological area, metal grate floors.

Exterior closures shall be made according to the degree of fire and explosion protection, either of
brick, ROMPAN type panels or explosion panels.

In addition to the actual CTRF building, other facilities necessary for its operation will be located
within the premises of the Project (Annex 1):

- Nitrogen tank platform;

- Helium tank;

- Deposits with inergen cylinders (inert gas for fire extinguishing);
- Oxygen cylinder storage;

- Helium cylinder storage;

- Dispersion stack;

- Stand-by Diesel generator group building;

- Medium voltage transformers,

- Instrument air compressors

The on-site traffic road will be developed as a concrete platform on the entire area.

In addition to roads, platforms and fences, the site provides technological networks, electrical
cables and low currents, water supply and sewerage. The transfer of heavy water, demineralized
water and active liquid drainage between the CTRF and the existing plant systems will be done
through an external/above-ground route.
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In Unit 1 and Unit 2, the service building, elevation 93.90 m, the system 38570 and the system
38580 will be connected to the heat systems (moderator / primary system, D-O treatment system,
DO supply system, etc.) and will have in the local configuration ion exchangers (additional
filtration), tanks (buffer), D>O transfer pumps and connecting pipes with related valves.

Positioning: the construction of the CTRF is on the site of Cernavoda NPP in the vicinity of Unit
1 and is limited by the slope to Saligny Hill and the main road inside the NPP that allows access
from the PCA 1 gate to the Water Treatment Plant - STA.

Site organization
The organization of the site will be done in the vicinity of CTRF.

The existing concrete platforms will be used and, if necessary, any additional areas will be
temporarily covered with a layer of 20 cm of ballast and another 10 cm of broken stone, to allow
the access of mobile cranes and trucks during the works.

Where necessary, the sewers will be covered with wooden beams or metal plates embedded in
the gravel layer.

The area of the sewer holes will be properly signaled by adjacent panels.

The excavated soil will be temporarily stored inside the NPP for verification of potential radioactive
contamination. After verification, the intention is to reuse it as filling material.

The drainage of rainwater from the site organization area is done by portable drainage pumps
located in the low points of the excavation and connected with flexible hoses to the rainwater
drainage network of the Cernavoda NPP platform, in the immediate vicinity.

The organization of the site will include:

e Access routes - approved access routes;

e Changing rooms;

e Drinking water supply, restroom - according to the Cernavoda NPP procedures
applicable to contractors (either the existing restrooms will be used or ecological toilets
will be used);

e Specific measures on occupational safety and security - which involve the signing
and implementation of a Labor Safety Convention as an integral part of service contracts
to be engaged with future contractors.

1.2.3.2 Construction methods adopted

The construction works will be carried out in compliance with Law no. 111/1996 on the safe
conduct, regulation, authorization and control of nuclear activities, with subsequent amendments
and supplements, republished and CNCAN Order no. 72 / 30.05.2003 approving the CNCAN
Norms regarding the specific requirements for the quality management systems applied to the
construction-assembly activities intended for nuclear installations (NMC-08), as well as other
applicable CNCAN Norms in conjunction with ISCIR nuclear prescriptions.

The classification of the constructions, systems and components of the Tritium removal facility
that are important for security is made in security classes based on the security functions that
they fulfill in accordance with the provisions of CNCAN Order no. 286 / 24.09.2004 (NMC 02).

The designer classified the building in the second degree of fire resistance, the fire hazard
categories being "A" and "C" for the technological area, respectively "D" and "E" for the adjacent
function area, in accordance with the provisions of the following regulations: NSN-09 CNCAN
norms regarding the protection of nuclear power plants against fires and explosions; NP 099-04
/ 2005 Norm for the design, execution, verification and operation of electrical installations in areas
with danger of explosion; NEx 01-06 / 2007 Norm on explosion prevention for the design,
installation, commissioning, use, repair and maintenance of technical installations operating in
potentially explosive atmospheres; SR EN 60079-0 Explosive atmospheres - Part 0: Equipment.
General Requirements (equivalent to IEC60079-0 ED.6.0 B COR.1: 2012); Canadian standard
CSA N393: 13 Fire Protection for facilities that process, handle or store nuclear substances -
2018; NFPA 801/2008 * Standard for Fire Protection for Facilities Handling Radioactive Materials
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2008; NFPA 2001 - 2008 Standard on Clean Agent Fire Extinguishing Systems 2008. Fire
resistant construction materials 30 + 180 minutes will be used, as appropriate.

For the evaluation of the foundation soil for the Heavy Water Tritium removal facility, an F1 drilling
was carried out, and the results are presented in the Geotechnical Study which confirms the
suitability of the location of the plant on this soil.

The foundation is made on the bedrock, by laying the basement of the building or by rigidly fixed
piles. For the execution of the infrastructure, taking into account the need to protect the existing
constructions, trestle, cable ducts, etc., the excavation will be carried out in a closed enclosure,
of Berlin support type [1].

1.2.3.3 Permanently and temporarily occupied land area

The land on which the CTRF installation is being built is free of construction, with no demolition
required. The surface of the land related to the CTRF installation is approx. 1350 sgm and divided
according to table 1.2.3.3.1.

Table 1.2.3.3.1 Expected territorial balance for the CTRF objective

Category Area (sqm) Occupancy rate (%)
Total land area 1350 100
Built area 591 44

Estimated land area to be occupied
temporary (site organization)

1.2.3.4 Land areas occupied by each of the permanent components of the project

50 4

In figure 1.2.3.4.1. the permanent components of the CTRF project site are quantified and
indicated (including associated access roads, landscaping and auxiliary facilities).
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1.2.4 Emissions

Potential dust emissions caused by soil excavation and the temporary location of excavated soil
for fillings will be generated during construction. There is also the possibility of potential dust
emissions during transport / evacuation operations.

Another possible source of dust is the transport of raw materials used for construction work. This
category includes small-grained materials (sand).

Also, during the construction phase potential emissions will be generated from the burning of
fossil fuels, used by the engines of the machinery / equipment that will be working on site.

1.2.5 Types and quantities of chemicals used

At this stage of the project, it is not possible to estimate the quantities of chemicals that will be
used in the construction phase. Hydrocarbons (diesel, engine oils, lubricants), paints and solvents
are expected to be used from the chemical category in the construction stage. It is expected that
the chemicals used in the construction phase, will be hydrocarbons (diesel, engine ails,
lubricants), paints and solvents.

In carrying out the project as well as subsequently in the current activity of the CTREF, it is
estimated that chemical substances and preparations classified as hazardous will be used, such
as those presented in Table 1.2.5.1.

Table 1.2.5.1 Types and quantities of chemicals used during construction

Chemicals used Amount

Equipment cleaning products (avesta The quantities will be defined by the Contractor of the work
paste)

Degreasing solvents The quantities will be defined by the Contractor of the work

Coating mixtures The quantities will be defined by the Contractor of the work
(primer, paint)

Lubricants (oils and Vaseline) The quantities will be defined by the Contractor of the work

Estimated 4000 t

Fuel (Diesel)

During the construction phase, the chemicals will be used in small quantities on the CTRF site,
and the remaining quantities of chemicals will be stored in the specially designed spaces of
Cernavoda NPP, respecting the NPP procedures for storage and record of consumption.

Management of hazardous chemicals and solutions shall be carried out only in accordance
with their Safety Data Sheets drawn up in accordance with Regulation (EC) no. 1907/2006 of the
European Parliament and of the Council of 18 December 2006 on the Registration, Evaluation,
Authorization and Restriction of Chemicals (REACH) and on the requirements for listing
chemicals approved for use in the Cernavoda NPP. Only chemicals that comply with the
requirements for classification, packaging and labeling in accordance with Regulation (EC) No
1272/2008 shall be accepted for use.

All chemicals, except those delivered in bulk (for example: diesel) will be stored in the
manufacturer's packaging, with the integrity and tightness of the packaging checked in temporary
storage facilities and taken over for use; the packaging and labeling being mandatory in
accordance with the legal provisions in force. In order to avoid multiple releases from storage
(sealing / unsealing of manufacturers' containers until the whole quantity is used), the optimum
volume of a container shall be indicated as far as possible, depending on the actual quantities
required during the works for a chemical used in quantities smaller than the volume of the package
in which it was delivered.

The diesel required for the CTRF Stand-by Diesel generator groups is discharged directly from
the tanks into the special storage tanks on the CTRF site according to the NPP procedures.
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The gases will be delivered in containers specific to the respective product type, labeled and
sealed, according to ISCIR prescriptions and regulations regarding pressure vessels [18].

Substances with potential for oxidation, explosion and flammability, respectively oxygen,
hydrogen (up to 300 Nm? isomers in the installation) and diesel will be on the site of the CTRF in
quantities less than 2% compared to the relevant quantities for the classification of lower-level
sites.

The biocidal products will be accompanied by the Approvals given by the Ministry of Health in
accordance with the provisions of GD no. 617/2014 on the establishment of the institutional
framework and measures for the implementation of Regulation (EU) no. 528/2013 of the
European Parliament and of the Council of 22 May 2012 concerning the making available on the
market and use of biocidal products, with subsequent amendments and additions.

Personnel handling, storing, transporting and using chemicals shall be trained for these activities
in accordance with occupational safety and fire protection regulations and will always wear
appropriate personal protective equipment.

1.2.6 Generated waste and wastes management

In the construction / assembly stage of the CTRF installation, mainly inert waste will be generated.
Most wastes with recovery potential (Table 1.2.6.1). Waste without potential for recovery will be
disposed of. The Responsibility for good waste management is transferred by detailing the
requirements of the Environmental Permit and other permits, approvals, etc. under the contract
of execution and its annexes (Environmental Protection Convention, etc.).

Table 1.2.6.1 Main types of waste that may be generated during the construction /
assembly of the CTRF installation

Types of waste Description Waste code Management mode
Recovery Eliminated
Soil and stones, Soil and stones X
other than those | from excavations
mentioned in 17 170504
0503 *
Concrete Simple concrete 170101 X
Mixtures of Concrete / bricks / X
concrete, bricks, slabs (mixed, non-
tiles and ceramic | hazardous)
materials other 17 01 07
than those
mentioned in 17
01 06
Mixed municipal Household waste - X
waste office area
Household waste - 200301 X
Pre-assembly area
+ work staff
Structural steel
elements and X
HVAC units
Iron and steel . 17 04 05
Stainless steel X
pipes for project
networks
Metal grid X
Waste from «
scaffolding
Metal mixtures Welding electrodes 17 04 07 «
and fasteners
Metal scrap from
plate elements X
(corrugated iron)

=
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Soil and stones Contaminated soil
containing (qcmdent.al oil / 17 05 03 *
dangerous diesel spills, etc.)
substances
Paper and Waste paper and
cardboard cardboard - Office
area
Paper and 200101
cardboard waste -
Pre-assembly area
+ work staff
Plastics resulting
Plastic materials | from office and pre- 2001 39
assembly areas
Construction and Plastic e'?m‘?”ts
demolition and plastic pipes 17 02 03
plastics
Packaging that Contaminated
contains residues | packaging (non-
oris radioactive) 1501 10 *
contaminated
with hazardous
substances
Absorbents, filter | Absorbents, filter
materials materials (polishing
(including oil materials,
filters not protective clothing
otherwise contaminated with
specified), filter dangerous
materials substances) 150202 *
polishing,
protective
clothing
contaminated
with hazardous
substances
Glass waste -
Glass results from office 20 01 02
and pre-assembly
areas
Metal elements
Metals resulting from office 20 01 40
and pre-assembly
areas
Wooden Packaging waste - 1501 03
packaging Wood
Plastic packaging Packaging waste - 15 01 02
plastic
: Composite
Compo§|te packaging 1501 05
packaging ;
materials

Note: 1. The above codes for waste are estimated, the classification being made when they are generated in
accordance with the applicable legal requirements.

The organization responsible for the site will develop its own waste management plan that will
include the necessary measures for the collection and proper storage of non-radioactive industrial
waste generated during the project, according to the legal provisions in force and the NPP
procedures.

Thus, non-radioactive waste will be managed in accordance with the following procedures:
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= RD-01364-Q10 - Environmental management at Cernavoda NPP;

= [nstruction SI-01365-A033 - Non-radioactive waste management at Cernavoda NPP;

= |pstruction SI-01365-P022 - Order and cleanliness at NPP;

= Process specific procedure PSP-Q010-005 - Non-radioactive industrial waste
management at Cernavoda NPP;

= Process specific procedure PSP-A001-006 - Carrying out operations with restricted
explosive precursors within Cernavoda NPP;

= Process specific procedure PSP-Q010-007 - Method of administration of chemicals with
special regime within Cernavoda NPP;

= |DP-SAD-005 procedure - Classification, collection, transport, temporary storage and
shipment of hazardous and non-hazardous waste.

1.2.7 Natural resources, raw materials and energy required to carry out the project

Natural resources and raw materials

A series of natural resources and raw materials will be used to carry out the project, presented in
table 1.2.7.1.

Table 1.2.7.1. Natural resources and raw materials used in the project

Category Estimated quantity (tonnes)

Natural Resources

River stone / broken stone 490
Sand 226
Soil (land on which the building is located) 6000
Water 400

Raw materials

Reinforced concrete 7,049
Steel (structural, reinforcements and grilles) 1,100
Metal pipes 35
HDPE pipes (plastic) 10
Energy

During the construction phase of the CTRF installation, the power supply will be provided from
the Cernavoda NPP's own network.

Natural resources management

The management of natural resources and raw materials, necessary for the construction stage
will be done according to the applicable legal provisions in force and to the Cernavoda NPP
procedures in order to maximize the use of these resources and to minimize the resulting waste
quantities. Thus, materials will be stored and protected in accordance with the manufacturer's
recommendations. Weather-sensitive materials will be covered with tarpaulins or waterproof
covers and will be provided with an adequate ventilation system to prevent condensation.

1.2.8 Tools, equipment and other means necessary to be used
In the construction / assembly stages, there will be used tools, equipment, machines and other
means such as [1]:
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o trucks for the supply of raw materials and products, respectively for the evacuation of
construction waste, or moving machinery and equipment;

e concrete mixers;

e 1-2 bulldozers, 1-2 excavators, 2-3 mobile cranes; pneumatic hammers, welding
machines (electric and oxyacetylene arc), shovels, metal scaffolding, etc.

1.2.9 Route, horizontal and vertical alignments, excavations and earthworks

The linear works executed for the construction of CTRF include both underground and above-
ground routes. For the underground routes, the excavations will be made with vertical slopes
(where applicable), and the support of the excavation will be dimensioned according to its depth
and opening, respecting the requirements of the Norm on the requirements for design, execution
and monitoring of deep excavations in urban areas — “NP 120-2014".

The category of linear works requiring excavations includes the following:

Drinking water supply system which will be connected to the existing network of the plant
through a valve manhole (CV5). The route of the drinking water supply network is approximately
30 meters and starts from the immediate vicinity of the CTRF to the connection point located in
the vicinity of Unit 1. The pipeline made of HDPE PE 100 Dext. 63 x 2.5 mm, SDR 26, Pn 6, will
be installed below the frost depth (Appendix 1).

CTRF sewer system will be gravitational connected to an external connection made in a separate
system, in the existing U1 sewerage network on the Cernavoda NPP platform, in the immediate
vicinity of the site. For the external sewar the pipeline will be made of HDPE, class PE 80, SDR
17.6 with Dext. 90 x 5.1 mm, according to SR ISO 161-1: 2008, VALROM type or equivalent, will
have elastomer sockets and gaskets and a route of approximately 50m and will be provided with
a manhole DN 1000 of HDPE, Kessel type (Annex 1).

Rainwater drainage system is made up of a collector channel, made of polyvinyl chloride tubes
- PVC, class SN8, with Dn 160 mm for external sewerage, with plugs and gaskets made of
elastomers. The route of this collector channel located in the immediate vicinity of the new CTRF
building, is of approx. 50 m, having the point of unloading in the existing drainage sewer on the
Cernavoda NPP platform (Annex 1).

Water supply for fire extinguishing of the CTRF installation will be performed by means of a
HDPE PE 100 pipe with Dext. 75x6.8 mm, SDR 11, PN 16, according to SR 1SO 161-1:2008,
which will be linked by a connection to the water supply system for extinguishing fires of the
Cernavoda NPP platform. The route of this system will be of approximately 20 meters and will
start from the vicinity of the CTRF to the connection point located in the vicinity of the CTRF Depot
- Oxygen and helium cylinders (Annex 1).

The category of linear works that do not require excavations includes tritiated / detritiated
heavy water transport system and the radioactive liquid waste system on the route between CTRF
and Units 1 and 2. The pipes in the tritiated / detritiated heavy water transport system and in the
radioactive liquid waste system will be made of nuclear grade stainless steel, which will be placed
on reinforced concrete supports in compliance with the characteristics imposed by the regulations
in the field, including seismic qualification (Annex 1).

Excavations and earthworks

For the construction of the CTRF foundation, excavations on a length of 40 m and a width of 25
m will be required. The depth of the excavations will be approximately 11.00 m - 12.00 m. Due to
the great depth and the lack of workspace, there will be vertical walls that must be supported to
ensure the safety of the works, the personnel as well as the protection of the existing constructions
(pipe bridge, explosion-proof wall, cable ducts, etc.).

For the construction of the Drinking Water Supply System, the Domestic Sewerage System, the
Rainwater Sewerage System and the Fire Supply of the CTRF installation, earthworks will be
carried out in limited spaces for hard ground pipes. The filling will be made with a 15 cm sand
substrate and a 30 cm coating, and the pressing of the fillings will be done with the handheld
compactor, in layers of 10 cm thickness.
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1.2.10 Demolishing activities required for project implementation

No demolishing work is required in order to carry out the CTRF project. The land on which the
CTRF installation is being built is free of construction, with no demolition required.

1.2.11 Installations / Constructions required for the project

Other installations / constructions necessary for the operation of the heavy water tritium removal
installation will be located both inside and outside the CTRF premises, namely [6]:

Liquid nitrogen tank will be located on a reinforced concrete platform, with an area of 6.00 m x
4.00 m.

The helium cylinder storage will be located on reinforced concrete platform, with an area of
25mx25m.

Oxygen cylinder storage will be provided with natural ventilation and fireproof material floor and
will ensure the storage of 16 oxygen cylinders.

Oxygen and helium cylinder storage building will be connected to the CTRF building by the
helium distributor collector which will be located on the new CTRF pipe trestle (2) and on the
existing CTRF trestle (1). The helium distributor collector and the distribution pipes will be
designed, executed and installed by the Unit responsible for these activities within the CTRF,
selected by Cernavoda NPP.

Helium supply system will be located in the building of the oxygen and helium cylinder storage
with an area of 16 m? with sides of 4.00 m x 4.00 m and a maximum height of 3 m. The ventilation
of this storage will be done naturally.

Inergen cylinder Store (inert gas for fire extinguishing) will include a number of 30 active
cylinders and a number of 30 backup cylinders.

Dispersion stack will be supported on a foundation with an area of approx. 25 m? and will have
a height of 50 m and a diameter of 1,700 mm. The dispersion stack will have an evacuation
capacity of 103,000 m*/ hour [7, 17].

Two electrical transformers of medium voltage 6 / 0.4kV will be located near the CTRF building
on a concrete platform.

Stand-by Diesel generator groups building will be made of light structure, with an area of 80
m?, with a height of 4 m (10 x 8 x 4m). It will have 2 identical rooms (DG) of 28 m? each (7 x 4 x
4 m), which will be separated by a wall to ensure separation and fire protection. There will be 2
buffer chambers measuring 4x1 (1.5) m each that will make the connection between the DG and
the fuel transfer pump chamber in the fuel tank. Another 2 rooms with an area of 12 m? each
(4x3x4 m) will be designed for the transfer pump and the fuel tank.

Fluids belonging to the following systems are conveyed through the pipes located on the CTRF
pipe bridge:

- Heavy Water Feed System (HWFS);

- Heavy Water Product System (HWPS);

- Demineralized water supply system;

- Active drainage system.

External connections

CTRF will be connected to the rainwater (meteoric) sewerage, domestic water sewerage,
demineralized water supply, drinking water supply, fire water supply utilities, through an external
utiltites connection [6].

The stormwater from CTRF will be collected (via collection slopes), transported and discharged
in the existing stormwater sewer network on the platform [6].

Sewage from the objective will be collected, transported and discharged through a separate
system in the existing sewer network on the platform [6].
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The water flow required for the drinking water supply will be provided through a connection to the
existing drinking water supply network on the platform [6].

The demineralized water flow required for the initial inventory and the completion of losses from
the cooling water system and the chilled water system will be provided through a connection in
the demineralized water supply system coming from STA.

The water required to supply the CTRF building with fire-fighting water will be taken over through
a connection from the existing fire-fighting water supply network on the platform [6].

The roadway will be provided as a concrete platform over the entire surface [1].

In addition to roads, platforms and fences, the site provides technological networks, electrical
cables and low currents, water supply and sewerage [6].

1.2.12 Further developments that may occur as a result of the project

Existing access routes will be used. The roadway inside the CTRF installation will be provided as
a concrete platform, on the entire surface. The road structure of the roadway will consist of ballast,
crushed stone, sand, kraft paper or polyethylene foil and concrete pavement [1].

1.2.13 Existing activities that will be modified or changed as a consequence of the project

Following the implementation of the CTRF project, a series of existing activities on the Cernavoda
NPP site will undergo changes, as follows:

The water supply will require changes caused by the connection of the networks:

» Water supply for hygienic - sanitary purposes

> Process water supply

» Water supply for extinguishing fires
¢ Domestic and rainwater drainage systems;
o Power supply;
¢ Modification of the existing pipe bridge by adding additional supports for CTRF technology
pipelines. Also, two new pipe bridge (pipe bridge 1 and 2) will be built, which will be
connected to the existing pipe bridge, according to the plan legend in Annex 1. The two
new pipe bridge will support the CTRF pipes - heavy water supply (HWFS), heavy water
product (HWPS), demineralized water supply, active drainage, oxygen supply and helium
supply (pipe bridge 1). Oxygen supply pipes and helium supply pipes will be located on
pipe bridge 2. The existing pipe bridge, the new pipe bridge, and additional supports are
DBE qualified.

1.2.14 Relationship with other existing or future projects
A. Similar technological projects

Heavy water tritium removal plants are currently in operation in Darlington - Canada (DTRF) and
Wolsong Korea (WTRF).

Darlington (DTRF)

Darlington Tritium Removal Facility (DTRF) was designed and built by Sulzer Canada Inc. for
Ontario Hydro. DTRF has been operated by Ontario Power Generation since 1996, processing
heavy water from the 20 CANDU units operating in Ontario, Canada. The plant uses a vapor
phase catalytic exchange (VPCE) process combined with CD to separate tritium from deuterium.
Separated tritium is stored as titanium hydride (tritride) in an immobilized tritium (ITC) container
and stored in a specially designed room. The process met the design requirements for tritium
removal and tritium purity with reliable tritium handling and accurate inventory management.

Moderator activity decreased from an average OPG (Ontario Power Generation) reactor unit of
23 Ci / kg heavy water in 1989 to about 9 Ci / kg in 2012 (~ 60% decrease). Tritium emissions
and internal doses to workers showed similar reductions.
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Wolsung (WTRF)

Wolsong Tritium Removal Facility (WTRF) was designed by AECL, Kinectrics Inc. and Korean
partners and commissioned by Korea Hydro & Nuclear Power Company, being in operation since
2007. WTRF uses a Liguid Phase Catalytic Exchange (LPCE) / CD system, which is the same
process system as CTRF. LPCE uses less energy than a VPCE system because it operates at
approx. 70°C, without the need to evaporate heavy water.

The Wolsong - Korea (WTRF) tritium removal plant is designed to process 100 kg / hour of tritiated
water with a tritium extraction efficiency> 97%, with an operating capacity of 80% and a lifespan
of 40 years. This installation is technologically similar to the installation to be carried out at
Cernavoda, applying the same processes for LPCE isotopic exchange, CDS cryogenic distillation
and immobilization in titanium storage tanks TGHSS Tritium Gas Handling and Storage System.

The activity of the Wolsong U1 moderator decreased from 62.7 Ci / kg to 0.25 Ci / kg in 4 years
due to the operation of WTRF. For U2, the activity of the moderator decreased from 48.3 Ci / kg
to 5.5 Ci/ kg in 3 years. Tritium emissions from U1 have been reduced by 85% in 6 years for U1.
For U2, the reduction was 70% until 2012.

The above two units are the only industrial units for the removal of tritium from tritiated heavy
water, which currently operates worldwide. Of these two industrial-scale installations, as
mentioned above, the CTRF project is largely similar to the WTRF project in terms of technological
process [24].

The CTRF installation project was developed under the coordination of the National Research-
Development Institute for Cryogenic and Isotopic Technologies Ramnicu Valcea (ICSI Rm.
Vélcea), starting with 2008. ICSI Rm. VaPOdIcea carried out several projects within the institute
that materialized by carrying out an experimental tritium removal plant (Experimental Pilot for
Tritium and Deuterium Separation - PESTD) to confirm the technological data and functional
characteristics of specific materials and equipment, in order to use them for the design of the
heavy water tritium removal plant used in CANDU reactors.

The Pilot PESTD Installation is currently associated with EURATOM / JET (Joint European Torus)
programs as a facility for studies and experiments specific to fusion reactor tritium removal
facilities and is also involved in the development of projects for the ITER reactor from Cadarache,
France.[1].

B. Relevant existing or future projects on the site of Cernavoda NPP

On the Cernavoda NPP platform, a series of projects are carried out which are intended to ensure
the smooth and safe development of the existing activities of Units U1 and U2, respectively the
implementation of future projects that aim at the safe continuation and development of nuclear
activities on the platform, ensuring the protection of workers, the population and the environment.

Table 1.2.14.1 presents the existing or future projects considered relevant to the Project, in terms
of estimating the cumulative environmental impact.

Table 1.2.14.1 Relevant existing or future projects on the Cernavoda NPP site

Project title Type of Distance from Project stage / destination
project CTRF project
site
Intermediate Storage Facility | Existing project Approx. 800 m DICA was put into operation in
for Spent Fuel (DICA) integrated into 2003 (Environmental
based on construction the Agreement no. 2058 /
staged by MACSTOR 200 Cernavoda 22.02.2002 issued by the
modules NPP platform Constanta Environmental
(DICA area: 24,000 sqm) units Protection Inspectorate). The
Ul and U2 technological solution of the
existing DICA project was to
store spent nuclear fuel in
MACSTOR 200 type concrete
modules.
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DICA is integrated in the
approved environmental permit
of the Cernavoda NPP

by GD no.84 / 2019.

Refurbishment of Unit 1 of project Approx. 200 m, Future project that was notified
Cernavoda NPP and upcoming respectively 800 | to MMAP, for the inititation of a
Extension of the Intermediate m procedure for issuing the
Storage Facility for Spent environmental agreement. In
Fuel with MACSTOR 400 this procedure MMAP issued
Modules the Decision of the initial
(DICA area expanded 40,000 evaluation stage no. DEICP /
sgm) 15817 /19.10.2020.

The project will also fall under
the Espoo Convention.

Continuation of the works of Future Project Approx. 400, The U3 and U4 Units will be

construction and completion respectively built on the Cernavoda NPP

of Units 3 and 4 at NPP 500 m platform, a project for which

Cernavoda the Environmental Permit was
issued by GD no. 737/2013.

Works necessary to change Completion Approx. 800 m Environmental agreement

the destination of the existing 2024 no.983RP / 08.11.2016.

constructions on the site of
Unit 5 from nuclear power
plant to other useful support
objectives during the life of
the NPP Units

1.2.15 Associated / auxiliary works that are excluded from the evaluation

The evaluation covers all works associated with the CTRF project.

1.2.16 Restoration work on the site in the area affected by the execution of the
investment

The execution of the project does not require ecological reconstruction works, the location being
in the industrial area, inside the Cernavoda NPP.

1.2.17 The size of any structures and other development works as part of the project
The size of any structures and other development works as part of the project is presented in
subchapter 1.2.3.1.

1.2.18 Stage of technological tests and commissioning

The commissioning of the CTRF installation will be carried out in accordance with NSN-22 “Rules
regarding the authorization of nuclear installations, approved by CNCAN President Order no. 336
/ 03.01.2019 and in accordance with the provisions of the Final Nuclear Safety Report. [1].

The planned tests will follow the fulfillment of the following objectives:

ensuring that the equipment has been made and installed according to the project;
ensuring that the CTRF system performance requirements are met and validating safety
assumptions;

familiarization of CTRF personnel with the operation of the installation (training and
certification of operating and maintenance personnel according to the regulations in force);
approval of the operating procedures of the installation.

YV VWV VYV

The CTRF commissioning plan will reflect relevant industry practices and use operating
experience (OPEX) at the Wolsong Tritium removal facility (WTRF Korea).

The commissioning plan for the CTRF installation will be made in conjunction with the importance
of structures, systems, equipment and components, classified as important for nuclear safety,
according to CNCAN Standards applicable, as listed in the licensing bases (LBD), a document
approved by CNCAN. The policy documents and the programmatic documents describing the
objectives and the policy of the commissioning organization will be submitted and sent for
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approval to the national regulatory authority in the Nuclear power field, CNCAN being the subject
of the corresponding revision of the Integrated Management Manual of Cernavoda NPP.

The CTRF commissioning program will identify five steps specific to the verification / inspection
stages at industrial installations, in a logical sequence, as follows [1]:

» Step 1: Pre-Hydrogen - includes the activities necessary for the general verification of the
construction and ensuring the safety requirements, prior to the introduction of the
hydrogen (deuterium) inventory in the installation.

» Step 2: Deuterium testing - involves filling the process systems with deuterium in order to
confirm the operation of all hydrogen safety equipment in accordance with the design
specifications.

» Step 3: D20 testing - involves the introduction of heavy water (D20) into tritium removal
equipment in order to confirm the operation of major CTRF systems in accordance with
the design specifications.

» Step 4: Low concentration tritium testing - involves the introduction of tritiated heavy water
(DTO) with a low concentration of tritium in the plant and aims to demonstrate effective
tritium removal at low concentrations.

» Step 5: High concentration tritium testing - Heavy water with a high concentration of tritium
is gradually added. The higher tritium concentration will demonstrate the achievement of
the tritium removal factors and the processing rates provided in the project. Also, the
compliance with the limits and operating conditions will be demonstrated, as well as the
observance of the safety objectives for the CTRF installation.

At the end of a stage, the transition to the next stage will be made only after the successful
completion of the previous sequence and only after obtaining the CNCAN authorization that is
issued for each stage. Prior to declaring the CTRF operational, a performance test shall be taken
to ensure the following [1]:

» The commissioning of the equipment was carried out in accordance with the documented
procedures, with qualified and trained personnel;

All operating parameters meet the specified criteria;

All deficiencies have been identified and resolved;

The analysis of the completion of the commissioning steps was carried out in accordance
with the pre-established requirements.

YV VYV

The performance verification test will be taken as part of Stage 5. Thus, the corresponding
provisions of the Norms on the requirements for the quality management system applied at
commissioning will be applied, assimilated in the quality assurance policy of Cernavoda NPP.

All tests shall be performed in accordance with the test procedures and documentation developed
for commissioning. The results of the performance test will be included in the Completion Report.
All the procedures that will be developed for the commissioning of the CTRF installation will be
integrated in the specific processes described in the Integrated Management System Manual of
Cernavoda NPP, approved by CNCAN.

As part of the commissioning program, the organization responsible for commissioning will inform
the National Commission for Nuclear Activities Control on the planning of commissioning activities
and the stage of their fulfillment.

1.3 Main features of the operation stage of the project
1.3.1 Description of the plant and technological flows

The technological flow of the CTRF installation is shown in the Block diagram of the installation
(Figure 1.3.1.1).

=
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Figure 1.3.1.1 CTRF block diagram

Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019

The technological flow of the Project includes the following main processes [1]:

Storage, purification and transfer of tritiated heavy water from reactor-associated systems,

for supplying CTRFE

» Tritiated heavy water from reactor-associated systems may contain mechanical impurities
and dissolved chemicals (including active beta-gamma impurities, mainly due to the
activation of corrosion products), and their removal is necessary for the operation of
catalytic columns.

This purification is planned to be carried out in the tritiated heavy water supply system of

the installation (HWFS - Heavy Water Feed System) which contains 2 tanks of 3 m? each
and two columns with ion exchangers, which ensure heavy water at the quality level
required for feeding isotope exchange columns, LPCE.

For the continuous operation and separate management of the heavy water inventory from

Ul and U2, 2 similar HWFS installations have been provided, one for each unit, which is
located in the service building of the respective units. The flow diagrams of the system of
this process are presented separately for U1 and U2 in the figures 1.3.1.2 - 1.3.1.3.
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Figure 1.3.1.2 HWFS Tritiated Heavy Water Feed System (Unit 1)
Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019
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Figure 1.3.1.3 HWFS Tritiated Heavy Water Feed System (Unit 2)
Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019
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The system allows the quality control of the heavy water in the tanks during the purification
operation, through the possibility of sampling.

The supply of CTRF with tritiated heavy water from HWFS tanks is done through a system of
stainless steel pipes, pipe-in-pipe type, under the following conditions:

» 3000 kg of heavy tritiated water in campaigns;

» Each campaign is divided into tranches of 1000 kg of heavy tritiated water which is
transferred to the supply tank of the next main system (LPCE);

» Tritium concentration of moderator heavy water when supplying the CTRF installation -
max. 54 Ci/ kg. For higher values of tritium concentration, in the first months of operation
of the plant, its reduction will be achieved by dilution with heavy water with low tritium
concentration;

» The supply is made by ensuring a flow rate of 40 kg / h.

The entire tritiated heavy water supply route from the U1 / U2 units to the CTRF is provided with
a heating system to avoid freezing and is also online monitored in order to detect in real time any
accidental fluid leakage along the way and to take the necessary measures to prevent such
leakage.

Catalytic isotope exchange - LPCE that ensures the transfer of tritium from liquid phase
(DTO) to gas phase (DT /HD / D2)

The tritium transfer process takes place in LPCE columns, in which the tritiated heavy water from
HWEFS flows in countercurrent with an upward flow of D, heated to 70°C, in the presence of a
catalytic filler, having two components, a hydrophilic filler and a hydrophobic catalyst.

In fact, the transfer of tritium from heavy water to deuterium gas is the result of combining a
classical process of water distillation (1) in the presence of hydrophilic packing with the isotope
exchange reaction (2) in the presence of hydrophobic catalyst, as follows:

(DTO) + (D20)v = (DTO) + (D20): (1)
(DTO)v+ (D2)g= (DT)g + (D20)v (2)

Where:(DTO), - tritiated heavy water in liquid phase;
(DTO) , - tritiated heavy water in the vapor phase;
(D20) - virgin heavy water in liquid phase;
(D20) y - virgin heavy water in the vapor phase;
(D) 4 - deuterium gas;
(DT) 4 - deuterium tritiated gas.

The hydrophobic catalyst rejects liquid water, but allows both heavy water vapor and deuterium
gas to reach the active catalytic centers and accelerate the isotopic transfer process.

Worldwide, several types of catalysts have been developed and used in industrial installations,
pilot stations, or tested only in the laboratory, with comparable performance on isotopic transfer
coefficients and wettability (water adhesion to the surface of hydrophilic filler and respectively
hydrophobic catalyst), some of which are presented below:

e Mixed catalytic filler in a single layer, developed by ICSI Rm. Valcea comprises a packing
of profiled strips made of hydrophilic metal mesh (stainless steel), arranged in the form of
cylindrical packages and the hydrophobic catalyst, in the form of platinum pellets
deposited on carbon and polytetrafluoroethylene - Teflon (Pt/ C/PTFE), inserted between
metal strips. The mixed catalytic packing packages have a height of 100 mm and a
diameter of 302 mm, in order to ensure both the best possible filling of the columns and
the possibility of their introduction and removal from the column.
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¢ the similar variant of mixed catalytic packing is the structured packing developed by AECL
(Canada), which alternates between hydrophilic stainless-steel strips (plates) with
identical strips covered with a thin layer of platinum catalyst on coal and Teflon.

¢ another potential solution for the LPCE catalyst is the one used at the Wolsong tritium
removal plant, which consists of separate packages of platinum catalyst on styrene divinyl
benzene and CY Sulzer type hydrophilic packing.

An analysis of the technical characteristics for the catalyst types presented above indicates similar
overall technical performance (Table 1.3.1.1).

Table 1.3.1.1 Technical characteristics for the catalyst types mentioned

Specification / Catalyst type ICSI Wolsong AECL
Theoretically equivalent plate height - HETP (cm) 26 - 31 30 Unavailable
Isotopic transfer coefficient - Ks (mol / g * sec) 1.9*104 1.6*104 1.6*10*
Tritium extraction efficiency (*) = 98% 97% 97%

) NOTE: The efficiency of extraction of tritium from tritiated heavy water is a characteristic of the installation and
depends on the tritium removal factor (ratio of tritium concentrations to entry / exit from isotope exchange columns)
established as the design input. The tritium removal factor of 50-100, set for CTRF (compared to 35, chosen for the
similar tritium removal plant in Wolsong-South Korea) can be obtained by properly sizing the height equivalent (number)
of the catalytic isotope exchange columns (3 CTRF columns, respectively 2 WTRF columns) with any of the catalyst
types shown.

It should be noted that the presence of liquid water in contact with the catalyst has the
disadvantage of its deactivation over time, which may lead to the need to reactivate, or replace a
part of the catalyst during operation of the plant and thus to generate different amounts of waste
and increase operating expenses. Catalyst selection criteria are related to the generation of a
smaller amount of radioactive waste, the duration of manufacture, the stability of the supplier, the
availability for procurement throughout the lifespan of the plant and the price of the catalyst, each
of which may favor one catalyst or another.

By establishing the type of catalyst, the input data will be provided for the elaboration of the
detailed design for the LPCE columns, and the differences between the possible options and
those compared to the conceptual design (presented in the figures 1.3.1.4 and 1.3.1.5) may be
related to the arrangement inside the columns and possibly to the height of the columns, without
having an impact on the height of the building, which is dictated by the dimensions of Cold Box.

The chemical requirements for the 2 process fluids are as follows:

» The deuterium gas must be at least 99.3% pure D, and must not contain elements that
could have the effect of “poisoning” the catalyst with which the isotope exchange columns
are equipped.

» The water in the moderator must have a minimum isotopic content of 99.75% D-0O, and
the water in the primary heat transfer system (PHT) must have a minimum isotopic content
of 99% D-0O and a maximum conductivity of 2 uS / cm.
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Figure 1.3.1.4 Catalytic isotopic exchange columns. Vertical section through the CTRF building

Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019
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Figure 1.3.1.5 Catalytic isotopic exchange columns. Horizontal section through the CTRF

building

Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019

Purification of D,/ DT / HD gas flow is achieved by:

» Moisture retention on molecular sieve systems (type 13X), at ambient temperature,
removal of traces of nitrogen and oxygen by adsorption at low temperature (cryogenic).
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Cryogenic distillation ensures the separation and concentration of tritium from the D2 / DT / HD
gas stream from LPCE by using a cascade of cryogenic distillation columns and two types of
chemical balancers that have the role of balancing the deuterium-tritium mixture and producing
tritium.

At the same time, at this stage, the purification of the D2 / DT / HD gas flow is ensured by the final
retention of any traces of nitrogen and oxygen on cryo-adsorption with activated carbon, in the
50K-60K range, before feeding the first cryogenic distillation column.

Chemical requirements:
e The process gas from LPCE will have a minimum isotopic deuterium / tritium content of
99.3%.
e The tritium (T2) that will be extracted from the cryogenic distillation column will have a
concentration> 99%.

Tritium gas storage ensures the fixation of tritium (T2) on a titanium storage bed which consists
of a vessel with a capacity of approximately 6.5 |, filled with sufficient spongy titanium. For the
immobilization of tritium, spongy metallic titanium is used due to the low equilibrium pressure of
tritium gas in titanium, at normal storage temperature (<1 Pa at 25°C), the ease with which the
reaction between titanium and tritium takes place at ambient temperature, as well as safety in the
storage of tritium, as its release requires the heating of metal tritride to high temperatures (>
400°C).

The tritium storage container on sponge titanium is capable of storing 52 g (500 kCi) of tritium
containing 1% DT in T2 and can also retain 3He (light isotope of helium having atomic mass 3)
generated from the decay of tritium (figure1.3.1.6). As the tritium retained on tritride disintegrates,
the partial pressure of 3He increases. The total amount of tritium absorbed in the titanium bed
disintegrates into 3He in about 6 half-lives (a half-life for tritium is about 12.3 years) which will
bring the maximum pressure in the container to about 6.0 MPa (the container shall be designed
to withstand a pressure of 7.4 MPa at 38°C).
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Figure 1.3.1.6Container model for storing tritium on a titanium bed at WTRF-Korea
Source: “Nuclearelectrica” SA National Society, Presentation Memorandum - Construction works for Heavy Water Tritium Removal
Facility, Variant for authorities - May 2019

Heavy water purification and transfer (detritiated heavy water) resulting from the catalytic
isotope exchange (LPCE) aims to ensure heavy water of nuclear quality, before it is reintroduced
into the D,O supply systems of NPP.
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The purification is performed by recirculating the heavy water, with a flow rate of 0.4-0.7 | / s,
through the batteries of 2 ion exchanger columns, belonging to the detritiated heavy water
management system - the produced heavy water system (HWPS - Heavy Water Product System).

The completion of the purification process is determined by tracking the value of electrical
conductivity, by taking samples and analyzing them.

For the separate management of the tritiated heavy water inventory at U1 and U2, 2 similar HWPS
installations were provided, one for each unit, which is located in the service building of the
respective units.

The flow diagrams of the system of this process are presented separately for Unit 1 and Unit 2,
in Figurel.3.1.7, respectively Figure 1.3.1.8. The entire tritiated heavy water transport route, from
CTRF to units Ul and U2, is equipped with a heating system to avoid freezing and it is also
monitored online to detect, in real time, any accidental fluid leaks along the way and to take the
necessary measures to prevent these leaks.
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Figure 1.3.1.7 Product heavy water supply system (detritiated heavy water) HWPS - Unit 1
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Figure 1.3.1.8 Product heavy water supply system (detritiated heavy water) HWPS - Unit 2

1.3.2 Raw materials, energy and fuels used, and how to procure them

The operation of the CTRF installation requires the use of raw materials and materials that will be
purchased in a centralized system at the level of Cernavoda NPP, in addition to those already

existing in the NPP (Table 1.3.2.1).

Table 1.3.2.1 Raw materials used for the operation of the CTRF installation

Crt. Name UM Quantity
no.
1 Virgin heavy water Kg/ year 50
2 Oxygen gas Nm?3 / year 16,000
3 Liquid nitrogen |/ year 20,000
4 Helium gas Nm?3 / year 100
5 Hydrophobic catalyst Kg/ year 47.5
6 Recombiner catalyst Kg/ year 225
7 Activated charcoal Kg/ year 95
8 lon exchange resins Kg/ year 52
9 13x molecular sieve Kg/ year 332
10 Instrumental air Nm?3 / year 320,000
11 Breathing air Nm? / year 21
12 Sewage water m3/ year 1,620
13 Fire extinguishing water ms / year 18
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14 Mineral oil Kg / year 20
15 Other technical gases Nm?/ year 1,120
16 Electricity GWh 16
17 Demineralized water Kg / year 1,000

Source:National Research and Development Institute for Cryogenic and Isotopic Technologies ICSI Rm. Valcea, Feasibility study for
the tritium removal installation Cernavoda NPP Rev.11, document code 79-38500-SF-001, 2018.

e Power
The CTRF installation will not be connected directly to the national electricity grid.

The power supply of the installation is made from service transformers 5135-TCO1 and 5135-
TCO02, connected to Cernavoda NPP.

The installed electrical power consumed by the tritium removal facility is approximately 4500 kW.
The total required power at the 6 kV, class IV CTRF substation is approximately 3500 kVA.

For the supply of vital consumers of 0.4 kV class lll, in case of loss of power supply of 6 kV class
IV, internal power supplies are provided represented by the 600 kW (2 x 100%) Stand-by Diesel
Generators and respectively by the Uninterruptible Power Supplies (UPS), for a short period of
time, until the norminal capacity is reached by the Diesel Generator or the plant is safely shut
down. The UPSs will ensure for one hour the operation of the ventilation, the tritium and hydrogen
monitors and the safe shutdown of the installation.

Fuel used for the operation of the 2 Stand-by Diesel generator groups, will be diesel fuel. It is
estimated that in the operation of the generators in the testing period of 2 hours / month, the 2
Diesel generators will consume a quantity of approx. 6480 L / verification cycle. In addition, an
estimated amount of approximately 9775 L will be added, for the activities related to waste
disposal and diesel supply of the 2 Stand-by Diesel generator groups.

Internal transport activities for the CTRF supply have not been taken into account in the
calculation of fuel requirements, as these materials will be transported by electric vehicles.

1.3.3 Type and quantity of finished products resulting from the project

The finished product of the CTRF project will be detritiated heavy water. CTRF will produce 40
kg/ h of detritiated heavy water and will have an operating period of 8000 h / year, thus totaling a
quantity of 320 tons of finished product/ year according to the technical data provided by
Cernavoda NPP.

Following the technological process, the removed tritium will be fixed on the titanium bed, thus
resulting in a by-product with potential for marketing.

1.3.4 Facilities for the retention, evacuation and dispersion of pollutants in the
environment

Installations for the retention and dispersion of pollutants in the atmosphere

HVAC ventilation system - has the role of safety and comfort, being composed of 6 mechanical
air ventilation systems in the CTRF building, organized as follows [1]:

» an S1 ventilation system, in the area of technological installations (area with potential for
contamination and / or explosion - area with hydrogen):

e ensures the evacuation of possible hydrogen accumulations from the technological
area, by evacuating the air from the rooms in the respective area;
to ensure a safe system, the areas containing hydrogen in the installation have 10 air
changes per hour (approximately 55,000 m3/ h);

o the air is ventilated (directed) to the exhaust stack of approx. 50 m attached to the
CTREF installation;
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¢ the hydrogen ventilation system will be powered by the Class IV system, and on loss
of class 1V, from the Stand-by Diesel generator groups and batteries;

e hydrogen and tritium monitors are distributed inside the CTRF building as well as
monitoring the flow of ventilated air from the exhaust stack;

¢ manual shutdown of the ventilation system and its manual isolation for certain rooms,
in case of accidental occurrence of tritiated water vapor in a CTRF room, followed by
manual start of the atmospheric tritium removal system (ADS);

e ensures the temperature of 15-20°C in the technological area;

¢ the introduction and evacuation ventilation plant in the hydrogen process area have a
100% reserve.

» an S2 ventilation system, in the area of auxiliary systems (area without hydrogen,
approximately 45,000 m3/ h);

» an S3 ventilation system in the electric battery room (approximately 3 000 m2/ h);

» an S4 ventilation system, in the area occupied by the operating personnel (approximately
1500 m3/ h):

¢ min. 6 air changes / h (area where there is no danger of explosion);
e must ensure temperatures of 20-26°C;

e air circulation will be from the area occupied by the operating personnel to
areas with potential for contamination (technological zone) by increasing depressions.
Thus, the highest depression will be ensured in the tritiated water processing area,

e area at risk of contamination;

» an S5 ventilation system in the helium compressor chamber (approximately 15,000 m3 /
h);

» an S6 ventilation system, in the air compressor chamber (approximately 2000 m3 / h).

Dispersion system - the evacuation of the gaseous effluents from the ventilation systems S1, S2
and S3 in the atmosphere is made through CTRF installation stack  with the following
characteristics [1]:

» Stack height: 50 m
» Inner stack diameter: approx. 1.7 m

> Stack section: approx. 2.3 m?
> Exhaust flow: 103,000 m®*/ h=28.6 m3/s
» Evacuation speed: approx. 12.4m/s

Exhaust flows are designed to ensure the efficient evacuation of hydrogen from the building, in
order to prevent the accumulation of hydrogen in the premises, therefore, preventing the potential
danger of reaching the explosion concentration.

The S4, S5 and S6 ventilation systems circulate clean air, without any danger of contamination,
its evacuation of which is made directly outside of the building.

Installations for the retention and dispersion of pollutants in water

Active drainage - CTRF installation

Potentially contaminated fluids from the CTRF technology area (potentially radioactive liquid
waste, including used water from the fire extinguishing system and water resulting from equipment
decontamination) will be gravitationally collected in a sealed tank (0.8 m? volume) located in the
basement of CTRF building, from where they will be transferred by pumping to the U1 Radioactive
Liquid Waste Management System.

The Active Drainage System consists of a network of floor drains located in each room as well as
the drainage pipes to the active drainage sump of the CTRF building.
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The system can collect water from the LCS system (which in turn collects any process water
leaks) if the isotopic content of the collected water is less than 0.5%.

The maximum possible flow to be taken over by the active drainage system and collected in the
tank is 3.7 |/ s.

From the sealed tank, potentially radioactive liquid waste is transferred controlled by pumping to
the Active Drainage System in the U1 Service Building, by means of pipe-in-pipe ducts provided
with a monitoring system for leak detection, from where it is then emptied into the Radioactive
Liquid Waste Management System. The volume of the tank and the transfer system have been
calculated so that it can take up the maximum amount of water that could accumulate and avoid
flooding the first basement of the CTRF.

The domestic and rain sewerage system presented in subchapter 1.3.5. is added to the 2
installations intended for the retention and dispersion of pollutants in water.

Installations for the retention and dispersion of pollutants in the soil

Heavy-water leak detection system ensures the detection of accidental leaks of tritiated and
detritiated heavy water from the technological transfer pipes from Units 1 and 2 to and from the
tritium removal installation from Cernavoda NPP. The transfer pipe system is designed in a “pipe
in pipe” configuration, thus ensuring protection in the event of a crack in the pipe through which
the heavy water is being transferred. The signaling of the occurrence of possible leaks will be
made at the main control room of Unit 1, respectively of Unit 2 and at the control panels that will
be installed in rooms S015 of Units Ul / U2. The technological pipelines are provided with a
concentric accompanying pipe along the entire route.

Heavy water drainage and collection system — The role of LCS is the management of the
heavy water resulting from the emptying of the installation during the periods of failure and
maintenance operations, in order to reuse it in the process or return it to the Cernavoda NPP
systems Units 1 and 2, as the case may be. LCS consists of a network of drain pipes ((by placing
trays to collect any leaks) that take over any leaks from the equipment containing process water
(LPCE, TRS, ADS and DMS) which is connected to a collector that supplies a 0.8 m? tank located
in a vat [1]. The system also collects water from showers, sinks, washing machines (from level
104.00).

An additional measure of soil protection, are the concrete platforms in the area of the location of
diesel tanks which will be designed and installed with means of prevention and collection of leaks.

Other tritium retention or recovery systems (closed circuit)

ADS atmosphere detritiation system - with the role of decontamination (tritium removal) of the air
by recovering vapors from the area where the tritiated heavy water processing / storage
equipment is located, when the tritium concentration in the air exceeds the established thresholds,
in case of accidental leaks or failures.

The principle of operation of the atmosphere detritiation system is the evacuation of air from the
technological area through an installation in which DO / DTO / H,O vapors are adsorbed in a
desiccant mass. Tritium and hydrogen in gaseous form are catalytically oxidized to tritiated water,
followed by condensation of tritiated water vapors and drying of the gaseous effluent on molecular
sieves. In the catalytic recombiner, 99.9% of the hydrogen isotopes are catalytically oxidized to
tritiated water. Less than 0.1% of tritium gas will not be oxidized.

The air thus treated is recirculated to the rooms where the increase in tritium concentration has
been detected. A hydrogen detector is provided on the ADS supply circuit to prevent an explosion
in the event of system operation, by accumulating hydrogen in the system supply line.

TRS tritium retention system - has the role of ensuring the recovery of tritium and deuterium from
all processes involving waste gas streams and purge gases generated during normal operation,
maintenance activities (purging and evacuation from the equipment) and / or the start of process
systems.
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The mode of operation of the TRS system is of stand-by type, the system entering normal
operation mode at the time of carrying out maintenance operations, commissioning, planned
shutdowns or in case of emergency.

The TRS tritium retention system has the ability to process, simultaneously and independently,
tritium deuterium from technological systems and aspirated contaminated air from various
locations where maintenance operations are performed [1].

1.3.5 Utilities required for the operation of the CTRF

Water supply - the existing situation

Currently, the water supply and wastewater discharge for U1 and U2 Cernavoda NPP is regulated
by the Water Management Authorization Modifying the Authorization no. 58 / 07.2021, No. 72 of
06.09.2021 for Cernavoda NPP U1 and U2, issued by the National Administration of Romanian
Waters [12].

The drinking water supply of Units 1 and 2 is made from underground through 3 deep boreholes,
two located in the enclosure and one located in the NPP Campus area [1]:

Fj1 H= 700 m; Nnhs=4m; Nha=10m; Q= 16 I/s;
Fj2 H= 700 m; Nhs=3,1m; Nna= 5m; Q= 28,5 I/s;
Fj3 H= 700 m; Nns=5,17m; Nna=5,92m; Q= 21,2 I/s.

Zonal drinking water supply system of the city of Cernavoda, operator RAJA SA Constanta -
constitutes a reserve.

Technological (industrial) water supply - the source is the Danube river - Bief | of the Danube-
Black Sea Canal, through the bypass canal. The degree of use assurance is 97%.

Water supply for extinguishing fires - The water source for extinguishing fires is the water from
the Danube, taken either from the bypass canal after passing through a 5 mm diameter mesh
filter, or after passing through the rotating sieves related to the technical service water system
and Brassert filters related to the fire extinguishing water system [1].

Water supply for hygienic-sanitary purposes of the CTRF installation

Provision of the necessary water for hygienic-sanitary purposes for the staff carrying out the CTRF
activities, approximately 15 users (in 24 hours), will be performed by connecting to the internal
water supply network of U1 Cernavoda NPP, existing in the vicinity of the CTRF site.

Water is supplied to the CTRF installation by pumping from the corresponding system Ul. The
connection from the water distribution network for U1 to the connection of the CTRF installation,
measures approx. 30 m and will be made of HDPE PE 100 pipe, Dext 63 x 2.5 mm, SDR 26, Pn
6.

Hot water is prepared locally using electric boilers.

During the construction-assembly period, domestic water is used, this being ensured by the
existing facilities near the project site.

Technological water supply of the CTRF installation
Technological water is required starting with the technological testing and commissioning phase.

The need for technological water that ensures the operation of the chilled water system and the
cooling water system is represented by the demineralized water produced within the Water
Treatment Plant (STA) on site and integrates [1]:

- Demineralized water demand 1 - for the initial filling of the chilled water system;

The demineralized water demand 1 ensures the commissioning of the two chillers (one active and
one in reserve) located on the concrete platform, on the roof of the CTRF building.

The system works continuously, in closed circuit, the necessary demineralized water representing
the recirculated water flow in a percentage of 99%.
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Qntechn 1 day med = 2.7 m3/day = Qrec 1

- Demineralized water demand 2 - for the initial filling of the cooling water system;
ensures the cooling of various equipment in the other systems of the CTRF installation (eg cooling
of the electrolyzer in the deuterium gas make-up system, cooling of the helium compressors in
the refrigeration unit of the distillation system, cooling of the process compressors and CP302,
cooling of the gases in the TRS chiller, cooling of detritiated heavy water from LPCE).

The system operates continuously, in closed circuit, the necessary demineralized water
representing the recirculated water flow in a percentage of 99%.

Qntechn 2 day med =6.2 m3/day=Qrec 2

- Demineralized water demand 3 - for various subsequent supplements of consumers in
the chilled water and cooling water systems.

Qn day techn 3 med = 0.025 m3/day = 9.125 m3 / year

- Demineralized water demand 4 - for washing or decontamination of equipment and
components related to LPCE.

The demineralized water distribution network will be made of stainless-steel pipes.

For abnormal situations, the designer has provided a maximum additional flow of 0.5 m®/ h. Also,
in case of emergency situations, a volume of water for washing / decontamination required of
about 6 m®was estimated.

During the construction-assembly works, no technological water is used.
Water supply for fire extinguishing of the CTRF installation

The supply of the CTRF installation building with fire extinguishing water is done through a
connection to the fire extinguishing water supply system of the Cernavoda NPP platform.

External fire hydrants with Dn 110 mm (HDPE pipe) will be provided on the fire extinguishing
distribution network related to the CTRF installation, which will ensure a flow rate Qie =151/ s as
well as internal fire hydrants with Dn 100 mm, which will ensure a flow Qii = 2.5 1/ s [1], located
at all levels of the CTRF building, which will be supplied with water from the existing external fire-
fighting water network inside the Cernavoda NPP through 2 connections of 2 %2 ”, each sized for
the entire water flow required during a potential fire.

A H-CTREF fire hydrant with Dn 110 mm is placed on the outer pipe. In the event of an external
fire, fire-fighting water is provided by means of this new hydrant and those existing on the fire-
fighting water supply network.

Domestic and rainwater drainage circuit
Existing situation

Domestic wastewater from the Cernavoda NPP platform reaches the Cernavoda Wastewater
Treatment Plant, which discharges the treated wastewater through Seimeni discharge channel
into the Danube (Cernavoda NPP cooling water channel), the evacuation point being located
before the cooling water discharge into the Danube.

Rainwater discharge is made in the distribution basin of Cernavoda NPP, including discharges
from underground drainage, inactive drainage from the turbine building, reactor buildings U1 and
U2, SDG (Stand-by Diesel Generator) Diesel groups-backup generator buildings Ul and U2,
siphon basin (2), Thermal Start-up Plant (CTP), the waters resulting from the washing of the STA
mechanical filters and the wastewater from the fuel oil separator from the overflow of the
demineralized water tank, and from the overflow of the filtered water tank.

Circuit related to the CTRF installation

The project will be connected to the domestic sewerage and rainwater drainage systems,
respectively to the Radioactive Liquid Waste Management System from UL, whose sizing /
capacity also allows the necessary supply for the CTRF installation.
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Domestic wastewater - CTRF installation
Domestic wastewater from the CTRF building is from the building's sanitary facilities.

The domestic sewerage system ensures the collection, transport and discharge of domestic
wastewater, through an external connection made in a separate system, in the existing domestic
sewage network of Ul on the Cernavoda NPP platform, in the immediate vicinity of the CTRF
site.

Rainwater drainage - CTRF installation

Rainwater from the CTRF and from the access roads in the area of the new CTRF building will
be collected, transported and discharged through an external connection, made in a separate
system, in the existing stormwater drainage network on the Cernavoda NPP platform,
immediately near the new CTRF building and finally in the distribution basin of the Cernavoda
NPP.

The rainwater flow from CTRF is estimated at Qp = 24.851/ s.

The collection, transport and evacuation of rainwater will be done through a collector channel with
a length of approx. 50 m, made of polyvinyl chloride tubes - PVC, class SN4, with Dn 315 mm.

Heating

The heating of the rooms of the CRTF building will be provided by the ventilation and air
conditioning system.

Providing the necessary electricity

The power supply of the installation is made from Cernavoda NPP service transformers 5135-
TCO1 and 5135-TCO02.

1.3.6 Hazardous materials used, stored, handled or produced during the project operation

It is estimated that in the current activity of CTRF materials / substances and chemical
preparations classified as hazardous will be used, from the following categories:

lubricants (oils and Vaseline);

oxygen;

biocides (for cleaning, washing equipment, etc.);
environmental friendly freons;

glycol;

fire extinguishing substances;

fossil fuel (diesel);

equipment cleaning products (Avesta paste);
degreasing solvents;

coating mixtures (primer, paint).

VVVVVVYVYVYVYY

The estimated quantities of hazardous materials used, stored or handled during the period of
operation are given in Table 1.3.6.1.

Table 1.3.6.1 Estimated quantities of hazardous materials used, stored or handled during

operation
Hazardous chemicals Estimated quantities
Nitrogen Maximum 6400 liters (4155 m3 at 1 bar / 15°C)
Helium 8 cylinders (50 liters / piece at 20 MP(a))

30 active cylinders + 30 backup cylinders

Inergen (inert gas for extinguishing fires) (80 liters / cylinder / 200bar)

16 cylinders (20 MPa (g))

Oxygen
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Hydrogen Approx. 310 Nmc

Diesel fuel 3000 liters

Minor quantities used from the plant's stocks in

Biocides (for cleaning, washing equipment, . -
maintenance activities

etc.)

Minor quantities used from the plant's stocks in

Equipment cleaning products (avesta .
maintenance activities

paste)

Minor quantities used from the plant's stocks in
maintenance activities

Coating mixtures Minor quantities used from the plant's stocks in
(primer, paint) maintenance activities

Minor quantities used from the plant's stocks in
maintenance activities

Biocidal products will also be accompanied by Permits issued by the Ministry of Health in
accordance with the provisions of GD no. 617/2014 on the establishment of the institutional
framework and measures for the implementation of Regulation (EU) No. 528/2012 of the
European Parliament and of the Council of 22 May 2012 concerning the making available on the
market and use of biocidal products, with subsequent amendments and supplements.

Only chemicals that comply with the requirements for classification, packaging and labeling in
accordance with EC Regulation 1272/2008 (CLP) with subsequent amendments and
supplements will be accepted for use.

The management of dangerous chemical substances and preparations will be carried out only in
accordance with their Safety Data Sheets drawn up in conformity with Regulation (EC) No
1907/2006 (REACH) with subsequent amendments and supplements, the environmental
legislation in force, the requirements of the applicable Permits, agreements, authorizations and
according with the requirements of the procedures regarding the listing of chemicals approved for
use in Cernavoda NPP.

According to the Cernavoda NPP procedures, the chemicals are stored in the manufacturer's
packaging, and there are procedural requirements to ensure the integrity and tightness of the
packaging. This includes proper labeling with information on the correct product name, trademark
and manufacturer 's name, date of manufacture, warranty period, data strictly necessary to avoid
chemical hazards, first aid, disposal of residual products and, where appropriate, restrictions on
the use of the product.

The use of chemicals, especially toxic and dangerous ones, is carried out with work safety
equipment and facilities according to the regulations in force. Personnel handling, storing,
transporting and using chemicals shall be trained for these activities in accordance with the
applicable law and the specific tasks described in the Job Description. For the CTRF needs, the
chemical substances and preparations will be supplied in the necessary quantities for the
development of the production process, respectively for interventions / repairs, avoiding the
creation of unjustified stocks. The minimization of the use of chemical substances and
preparations in the construction / assembly stage will be achieved by using prefabricated,
equipment subassemblies, with finishes made at their place of production (e.g. prefinished metal
panels for construction walls, supply of concrete mixers instead of concrete preparation on the
site of Cernavoda NPP). Chemical products used in various phases will be held in approved
temporary premises in accordance with the internal procedure for allocating these facilities to
contractors (Operating Manuals: Handling and storage of chemicals, code 03410-OM-SM-1-22;
Chemical’s administration code, OM34000). The approved range and quantity for these products
will be limited to short-term use [1].

The procedures of the existing chemicals management program will also integrate the
management of these substances used within the CTRF installation.

Degreasing solvents

Lubricants (oils and Vaseline)

1.3.7 Transport of raw and auxiliary materials and increased traffic involved during
operation

Raw / auxiliary materials (nitrogen, helium cylinders, oxygen cylinders, diesel for Stand-by Diesel
generator Groups), fire extinguishing materials (Inergen cylinders, eco-friendly foam, portable fire
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extinguishers), as well as devices / equipment / backup parts, etc. will be transported for the
supply of the CTRF installation.

It is estimated that due to the quantities supplied and the possibility of merging with the supply for
other Cernavoda NPP facilities, the increase in traffic and emissions resulting from transport
activities will have an insignificant share compared to the absence of the CTRF installation.

1.3.8 Environmentally relevant social and socio-economic implications

From a socio-economic point of view, the implementation of the CTRF project has a clearly
positive impact on the development of the area and on the improvement of the quality of life. As
an effect on the environment, the carrying out of the project will bring economic opportunities to
the region in which it is located, both during the construction period and during the operation
period [2].

The economic benefits of the CTRF project are as follows:

- Making the investment from own funds and attracted funds, cumulated with the long-term
beneficial effects resulting from the decrease of the costs with tritiated heavy water and
the facilitation of the maintenance activities in radiological areas, represent economic-
financial advantages both on the short and long term as well as a guarantee of the
continuity of the activity for SNN SA through Cernavoda NPP;

- During the construction period of the project, an average number of aproximately 100
employees from the construction-assembly companies will be involved in carrying out the
works, for a period of approx. 5 years, according to the current stage of the CTRF project;

- Business growth in the area will be particularly felt in the construction sector, at the local
level, both for building companies and manufacturers of construction materials;

- A number of approximately 26 new jobs directly related to the activity during the operation
period will be created at the level of the production unit achieved through the
implementation of the project.

Regarding the human health, the CTRF installation will lead to the reduction of the tritium intake
in the doses received by its own staff and by the contracting staff, as well as of the tritium
emissions from the Cernavoda NPP units, with a positive impact on the population and the
environment. Thus, it is estimated that, by commissioning and operating the CTRF, the dose
received by the professionally exposed personnel, working in U1l and U2 in areas with significant
radiation exposure, will be reduced proportionally with the decrease of the tritium concentration
in the Moderator System and the Primary Heat Transfer System.

The dose for one person in the critical group due to atmospheric emissions of DT and DTO
(vapors) in normal CTRF operation is estimated at approx. 0.64 - 0.75 uSv / year (depending on
the DT / DTO ratio), well below the 10 uSv / year dose constraint set by CNCAN for CTRF [2]. At
the same time, the tritium emission into the atmosphere from Units 1 and 2 of the Cernavoda NPP
will be significantly reduced. The estimated emission reduction is approx. 17% from the very first
year of operation of the CTRF, which will lead to a proportional reduction in the dose received by
the population.

At the same time, given the dynamics of tritium concentrations in the nuclear unit systems and
tritium emissions into the atmosphere, with the detritiation of water from the U1 moderator and
the reduction of tritium concentration with factors ranging from 0.5 at start-up, 0.7 after the first
year and more than 0.8 after the second year, there will be a decrease of the specific activity in
the moderator by approx. 37% and the total emission at Ul by ~ 22% in the first year. After 2
years, the activity of tritium in the moderator will decrease to 30% of the initial value, and after 3
years to 14% of the initial value - dropping below 10 Ci / kg. Similarly, if the tritium removal process
is applied to the tritiated heavy water in the U2 moderator circuit, the tritium inventory in this circuit
will decrease over time, which will lead to a reduction in emissions and, consequently, to a
reduction in doses for the population and for professionally exposed workers. Under these
conditions, the dose to the public due to all Cernavoda nuclear units will decrease after 3 years
(without detritiation in PHT) to ~ 42% of that estimated to be achieved in the absence of detritiation

[3].
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1.3.9 Possible future changes to the project

No future changes to the project are currently being considered.

1.4 Estimation, by type and quantity, of the expected waste and emissions

1.4.1 Waste and emissions expected to be generated during the technological testing /
commissioning test period

In the stage of technological tests and commissioning, once the construction works have been
completed, the pollution sources from this stage are reduced to minimum until non-existent. The
sources of pollutants specific to the operating stage become active and the installations for the
retention, evacuation and dispersion of environmental pollutants, operate at the process
parameters [1]. In view of these issues, the information on the expected emissions to be
generated during the testing period / commissioning tests is presented below.

In the CTRF operation both stationary sources related to the tritium removal facility and the two
Stand-by Diesel groups, as well as temporary mobile sources (supply machines of the unit) will
be present.

The technological process of tritium removal will result in controlled radioactive emissions of
tritium discharged to the stack of the CTRF installation.

Auxiliary and support activities may also result in emissions of particulate matter, volatile organic
compounds (VOCs) and diesel fuel used as fuel for Diesel generators, as well as fuel combustion
and particulate resuspension due to transport and traffic activities in the enclosure.

e Punctual sources —directed radioactive emissions

Under normal CTRF operation, there are two situations [1]:

a) Operation, the process of detritiation of heavy tritiated water from Units 1 and 2 is
carried out at nominal parameters and all component systems of the installation are
operational. For this situation, the entire tritium inventory is in a closed system, in the
CTREF circuits, its management being carried out by controlling the process temperatures
and pressures (spaces with nuclear systems are maintained at a lower pressure than
normal, thus preventing any potential accidental escape of radioactivity outside). The
maximum tritium inventory of CTRF systems and components estimated for normal
operation of the installation is 9.2E + 15 DT (Bq) and 7.8E + 15 DTO (Bq).

b) Planned shutdown, whose frequency is 1 / year, when the CTRF installation will be
completely shut down for maintenance and repair work. This assumes that all process
systems will be shut down, except for the two sub-components of the Tritium Retention
System — TRS, which have the role of taking over and managing the tritium inventory from
the cryogenic distillation unit, so that the works in the premises of the installation can be
carried out in optimal conditions:

e Low Tritium Expansion Tanks (LTET) ensure the collection and management of the
tritium inventory from the cryogenic distillation columns 1, 2 and 3 of the CDS during
the maintenance period. The project is expected to be equipped with 3 overlapping
LTETs and positioned outside the CTRF building.

e The High Tritium Expansion Tank (HTET) ensures the collection and management of
the tritium inventory from column 4 of the CDS during the maintenance period. The
project is equipped with a single HTET, positioned in the glove box that houses the
pumps of the cryogenic distillation unit.

=
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According to the legal provisions (Art. 51 of the Norms regarding the basic requirements of
radiological safety, CNCAN), the derived emission limits (LDE) of tritium for CTRF will be
approved by the national regulatory authority in the nuclear field, CNCAN, in the authorization
process.

e Other directed sources

In situations of power failure, the Stand-by Diesel groups (2 x 100%) will be used for the systems
that do not allow interruptions. These will be sources of particulate matter and diesel fuel — mainly
CO2, SO2, NOy and hydrocarbons. The estimation of the quantities of pollutants is done by
calculation, because the operating regime (stand-by equipment) does not economically justify the
installation of measuring instruments in the stack.

These sources will be characterized by short-term emissions, usually due to periodic tests, which
will be regulated by CNCAN-approved operating routines. Euro 5- low sulfur diesel will be used
and, based on experience with the emissions of other combustion plants on site, it is estimated
that the impact of this equipment on the atmosphere will be negligible. In accordance with the
legal requirements, this equipment will be subject to the revision of the GHG authorization of
Cernavoda NPP.

Diesel loading in the two new tanks with capacities of approx. 1500 I, each, is a category of
activities with short-term emissions of volatile organic compounds (VOCs), which will take place
on a low frequency basis, and the storage of diesel in these tanks is also a source of VOC
emissions. Considering the safety requirements taken into account when designing the tanks,
due to the specificity of the Cernavoda NPP objective, the small size of the tanks, the lower
volatility of diesel compared to other fuels, and the decrease of volatilization due to the inclusion
of tanks in the premises — with protection from solar radiation, it is estimated that VOC emissions
from these categories of activities will be insignificant [1].

e Mobile sources

During operation, the mobile sources of air pollutants will be the transport of auxiliary materials
(eg nitrogen, helium cylinders, oxygen cylinders, diesel for diesel units — backup generator),
materials such as fire extinguishers (Inergen cylinders, eco-friendly foam, portable fire
extinguishers), as well as devices / equipment / backup parts, etc.

Pollutant emissions from material transport activity are dust and exhaust gases.

It is estimated that due to the quantities supplied and the possibility of merging with the supply for
other Cernavoda NPP installations, this category of sources will generate insignificant emissions
of pollutants (dust and burnt gases) compared to the existing situation in the absence of CTRF
installation.

There are no sources of odors as a result of operating or supplying various auxiliary materials or
fuels to the Stand-by Diesel generator sets [1].

Information on the expected generation of the waste during the technological testing /
commissioning test will be presented in Chapter 1.4.3.

1.4.2 Types, codes and quantities / volumes of waste generated by the project during the
construction phase

Non-radioactive waste

The estimated quantities of non-radioactive waste generated during the construction period of the
project are presented in Table 1.4.2.1.
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Table 1.4.2.1. Estimated amounts of non-radioactive waste generated during the construction

period
Quantity /
Types of waste Description Waste code volume
tons
Concrete Simple concrete 17 01 01 39
Mixtures of concrete, Mixture of concrete, bricks, tiles, 4.5
bricks, tiles and ceramics
ceramic materials other 17 01 07
than those specified in
17 01 06
Mixed municipal waste | Household waste — office area 5.1
Household waste — Pre-assembly 200301 13.7
area + work staff
Metal grille 0.1
Structural steel elements and 3
HVAC units 170407
Stainless steel pipes for project 3.6
networks
Iron and steel Waste from scaffolding 1
Metal scrap from plate elements 1
(corrugated iron) 1704 05
Welding electrodes and fasteners 1
Soil and stones Contaminated soil (accidental oil / 12
containing dangerous diesel spills, etc.) 170503 *
substances
Soil and stones, other Soil and stones from excavations 18700
than those mentioned 17 0504
in 17 0503 *
Waste paper and cardboard — 2.9
Office area
Paper and cardboard Waste paper and cardboard — 200101 7.2
Pre-assembly area + work staff
. . Plastics resulting from office and 22,5
Plastic materials pre-assembly areas 2001 39
Plastics in construction | Plastic elements and plastic pipes 1
e 17 02 03
and demolition
_ Packaging containing or 2
Packaglng that _ contaminated with hazardous
contains residues or is | substances (non-radioactive) *
; i 150110
contaminated with
hazardous substances
Absorbents, filter Absorbents, filter materials 0.5
materials (including oil | (polishing materials, protective
filters not otherwise clothing contaminated with
specified), polishing dangerous substances)
materials, protective 150202 *
clothing contaminated
with hazardous
substances
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Glass waste — resulting from 2.9
Glass office and pre-assembly areas 2001 02
Plastic packaging Packaging waste — plastic 15 01 02 6.5
Metals Mgtal elements resulting from 20 01 40 1.7
office and pre-assembly areas
Wooden packaging Packaging waste — Wood 1501 03 10
Composite packaging Composite packaging materials 15 01 05 0.1

Non-radioactive waste that is defined as hazardous has one or several hazardous properties
listed in Annex 4 of GEO 92/2021.

The danger of waste is given by its composition. The classification and determination of the
chemical composition of hazardous waste shall be made based on certain tests performed by
accredited laboratories, where necessary.

Radioactive waste

As no radioactive materials or radiation sources are used during the construction phase, no
radioactive waste will be generated.

1.4.3 Types, codes and quantities / volumes of waste generated by the project during
operation

Non-radioactive waste

The CTRF activity results in non-radioactive waste similar to municipal waste and industrial waste,
presented in the tablel.4.3.1.

Table 1.4.3.1 Estimated amounts of non-radioactive waste generated during the entire

operation
Quantity /
Types of waste Description Waste code volume
tons
Paper and Paper and cardboard waste — 200101 5
cardboard Personnel of the installation
Glass _Glass waste — Personnel of the 20 01 02 17
installation
Plastic materials Pla_gtic waste — Personnel serving the 20 01 39 13
facility
Metals Metal E!ements — Personnel of the 20 01 40 1
installation
Packaging that
contains residues
oris Packaging containing or contaminated
. . ; 150110 * 11
contaminated with | with dangerous substances
hazardous
substances
Absorbents, filter
materials
(including oil
filters not Absorbents, filter materials (polishing
otherwise materials, protective clothing 1502 02 *
o X : 0.3
specified), contaminated with dangerous
Polishing substances)
materials,
protective clothing
contaminated with
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hazardous

substances

WOOdeU Packaging waste — Wood 1501 03 55

packaging

Paper and .

cardboard Packaging waste — paper and 1501 01 06
; cardboard

packaging

Plastic packaging | Packaging waste — plastic 1501 02 3.6

Compo§|te Composite packaging materials 1501 05 0.055

packaging

Waste_ mixed Hoy;ehold waste — Personnel of the 2003 01 325

materials facility

Radioactive waste
During the CTRF operation, the following types of radioactive waste are estimated [1]:

» Organic fluids: oils from pumps and compressors

» Organic solid-liquid mixture: from maintenance activities to pumps, compressors, motors;
Solids: catalyst from catalytic isotope exchange columns; molecular sieves from process
gas dryers; ion exchange resins from tritiated heavy water and product water purification
systems (detritiated water); metal waste and solid materials from the CTRF building
(material and equipment, maintenance / cleaning material, etc.).

The estimated amounts of the main types of radioactive waste are shown in the table 1.4.3.2.
Table 1.4.3.2 Main quantities and characteristics of solid waste and radioactive oils estimated to

be radioactive waste generated at CTRF [13] during operation

BSI System Equipment Type of Quantity Frequence
location waste (k)

38520 | Helium purification TRO3 0]] 15 Once a year
Helium compressors TR102 o]] 200 Once a year
Bellows metal pumps, valves, | TR03 Solid 300 Once a year
transducers, tritium monitors

38510 | LPCE columns TRO3 Catalyst / 2700 Every 5

Filling (solid) years
Dryers TRO3 Molecular 300 Every 5
sieves (solid) years
Degassing column TRO2 Filling (Solid) | 40 Unknown
Water pumps TRO2 Solid 15 kg x One every
13 10 years
Water pumps TRO2 o]] 10 8000 hours
or every 2
years
Mechanical filters TRO2 Solid 4 Once a year

38500 | Maintenance materials (eg CTRF building Solid 200 Once a year
cleaning)

38590 | LCS TRO2 solid 50 Every 10
Valves / Material years
Replacement

38530 | TGHSS — GBADS dryers DR 300, DR 301 | Molecular 21.7 kg x | Once a year

sieves (solid) | 2pcs

38540 | ADS TRO2 Molecular 200 Every 5

sieves (solid) years
LCS — Liquid Collection System CTRF, BSI 38590
WS A
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TGHSS - Tritium Gas Handling and Storage System, BSI 38530
ADS — Atmospheric Detritification System, BSI 38540

LPCE - Liquid Phase Catalyzed Isotopic Exchange, BSI 38510
CDS - Cryogenic Distillation System, BSI 38520

In addition to the wastes in Table 1.4.3.2 solid wastes in the form of spent ion exchange resins
result from the operation of ion exchange resin purification systems associated with CTRF
operation. For each of the two CANDU units of the plant, a total volume of spent ion exchange
resins coming from CTRF systems is estimated at: 1.4 m*/ year [13].

1.4.4 Types, codes and quantities / volumes of waste generated by the project during
decommissioning

Non-radioactive waste

The actual decommissioning will be carried out based on a specific decommissioning project,
following the environmental impact assessment procedure and the issuance of the
decommissioning authorization from CNCAN, which will establish the requirements of the
authorities for decommissioning the CTRF installation, after obtaining all the necessary approvals
/ agreements / authorizations.

The Conceptual Plan for the decommissioning of the CTRF [4], estimated that in a normal
operation of the detritiation plant, the total amount of waste from the decommissioning of the
CTRF will be approx. 254 t, of which approx. 130 t of non-radioactive waste.

According to the Conceptual Plan of CTRF decommissioning the non-radioactive industrial waste
presented in the table 1.4.4.1 will result.

Table 1.4.4.1 Estimated amounts of non-radioactive waste generated during decommissioning

Type of non-radioactive waste Coding / classification Quantity / volume
Metallic waste 17 04 07
Concrete waste 170101 approx. 130t
Debris waste 17 01 07

Radioactive waste

In the decommissioning phase, after emptying the installation, the main source of radioactive
waste will consist of equipment and installations which, during operation, have been in direct
contact with tritium, in the form of tritiated water or tritium gas. Also, at the decommissioning of
CTRF will be found approx. 124 tons of radioactive waste resulting from the demolition of the
building, as detailed in table 1.4.4.2 [4].

Table 1.4.4.2 Estimated quantities of radioactive waste generated during the decommissioning
period

Radioactive waste category Estimated amount generated

Contaminated concrete

approx. 124 t
Radioactive waste from decommissioning

In assessing these quantities, radioactive waste resulting from decontamination activities as well
as other secondary waste resulting from decommissioning were also taken into account [4].
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1.4.5 Waste management program (collection, storage, treatment / recovery, transport and
final storage / disposal) in the project stages: construction / installation, operation,
decommissioning; radioactive waste generated and how it is managed

1.4.5.1 Construction stage

The quantities of non-radioactive waste were estimated in table no. 1.4.3.1. The management,
collection and disposal of non-radioactive waste will comply with the provisions of the applicable
normative acts in force, regulatory acts and specific approved and implemented procedures of
Cernavoda NPP, detailed in subchapter 1.2.6.

The builder will prepare the detailed waste management plan that will be approved by Cernavoda
NPP according to the legal requirements and internal procedures of NPP.

Construction waste such as concrete: mixtures of concrete, bricks, tiles and ceramic materials,
earth and stones; fertile earth and rocks resulting from the excavations for the foundations will be
managed according to the specific legal provisions and internal procedures of Cernavoda NPP,
being temporarily stored in the specially arranged spaces of the site organization and then will be
transported to the location established by the building permit by an authorized economic operator.

Hazardous waste such as soil contaminated by diesel spills, oils, etc.; absorbents, filter materials
(polishing materials, protective clothing contaminated with dangerous substances); packaging
containing residues or contaminated with hazardous substances shall be stored in specially
designed premises of the NPP and then taken over by an authorized economic operator for
treatment / disposal.

The other types of waste (recyclable, packaging, household) will be managed according to the
NPP procedures described in the next subchapter.

As no radioactive materials or radiation sources are used during the construction phase, the
Radioactive Waste Management Program does not apply to this stage.

1.4.5.2 Operating stage

Non-radioactive waste management

Non-radioactive waste is all waste that has no detectable free contamination and contact dose
rates above the natural background value.

Cernavoda NPP has implemented a system of segregated collection, characterization,
classification, and temporary storage of non-radioactive waste before being handed over to
authorized economic operators. CTRF activities will be properly integrated and implemented
within this system, according to the internal procedure Cernavoda NPP SI-01365-A033
“Management of non-radioactive industrial waste at Cernavoda NPP”.

Non-radioactive waste management is carried out in compliance with the provisions of the
applicable regulatory documents in force, regulatory acts and specific procedures approved and
implemented by Cernavoda NPP, being part of the system implemented and applied by
Cernavoda NPP:

» Government Emergency Ordinance no. 92/2021 on the waste regime;

+ GD no. 856/2002 on the record of waste management and for the approval of the list of
wastes, including hazardous waste with subsequent amendments and supplements;

* Law no. 249/2015 on how to manage packaging and packaging waste;

« Emergency Ordinance 5/2015 on waste electrical and electronic equipment;

* GD no. 1061/2008 on the transport of waste on the Romanian territory,

* The Environmental Permit of Cernavoda NPP, approved by GD no. 84/2019 on the
issuance of the environmental permit for the National Company “Nuclearelectrica” — S.A.
— NPP Branch — Unit 1 and Unit 2 of the Cernavoda Nuclear Power Plant, SI-01365-
AO33 — procedure regarding the management of non-radioactive industrial waste at
Cernavoda NPP.
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Waste generated in CTRF activities will be collected separately at the place of generation and
transferred to owner's spaces specially designed for temporary storage until delivery to economic
operators authorized for collection, transport, disposal / recovery. In these spaces, delimited and
marked so as to easily identify their destination, the waste is temporarily stored by type and
composition.

Non-radioactive waste is managed according to the internal procedure Cernavoda NPP SI-01365-
A033 “Management of non-radioactive industrial waste at Cernavoda NPP”, which consists of
inspecting the labeling, packaging integrity, sampling for tritium and gamma tests and sealing
containers (in order to avoid further contamination, until transfer outside the radiological area).

Recyclable, packaging and household waste flows are briefly described below.

Recyclable waste such as iron and steel; metallic waste; wood waste; plastics, insulating
materials; polishing and protective clothing, paper and cardboard packaging; wooden packaging;
composite packaging; glass waste; paper and paperboard waste (from administrative and office
activities); plastic packaging will be stored in the specially arranged spaces of the NPP and then
taken over by an authorized provider for their recycling.

Non-recyclable packaging waste (packaging that contains residues or is contaminated with
hazardous substances) will be stored in NPP landfills and will be taken over by an economic
operator authorized for recovery / treatment / disposal.

Household waste such as (mixed municipal waste), generated from the activity of staff will be
temporarily stored in specially designed spaces of Cernavoda NPP and then taken over by an
economic operator authorized for disposal (authorized landfill) [1].

Non-radioactive waste of paper, wood, ferrous and non-ferrous metals, lead-acid batteries, plastic
are handed over based on service contracts to authorized economic operators for their recovery.

Containers with waste from radiological areas are monitored for the identification of possible
contamination and dose rates before being transferred outside the radiological area, either to
authorized suppliers for waste collection or for temporary storage in specially designed spaces of
Cernavoda NPP. If values above the approved limits (up to which the waste is considered non-
radioactive) are detected, such waste is considered radioactive waste and treated according to
radioactive waste procedures.

Waste containers are handled with forklifts and equipment specific to these maneuvers. All used
lifting equipment is also authorized by ISCIR for use.

The transport of non-radioactive waste containers for temporary storage or transfer to other
entities is carried out by electric truck, tractor, truck, authorized for the transport of non-hazardous
or hazardous waste (as appropriate), with the appropriate anchoring of the transported products.

In areas approved for the storage of non-radioactive waste in the protected area, there are large
containers, identified separately for each type of solid non-radioactive waste collected. After filling,
the containers designated for wood, ferrous and non-ferrous metal waste, the waste is transferred
to economic operators authorized for recovery / disposal, as appropriate.

The transfer to economic agents authorized for temporary storage, disposal or recovery is made
based on a service contract, the transport being performed by the provider with authorized means
of transport for the categories of waste transferred. Plastic bags with solid waste are transferred
to metal containers, or packaging provided by the authorized service provider, in order to eliminate
incidents caused by damage to the bags.

The temporary possession, until the transfer outside the unit, of the non-radioactive waste /
expired chemicals is done by Cernavoda NPP (as a waste generator), in specially arranged
existing spaces of Cernavoda NPP.

Transports of hazardous waste delivered to authorized economic operators in quantities of more
than 1 ton / year (from the same category of hazardous waste) are carried out only after obtaining
the shipment / transport approvals from the Environmental Authority within the treatment /
recovery / disposal facilities of the service provider, approvals endorsed by ISU Constanta. The
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shipments of waste are carried out only accompanied by the transport documents imposed by the
specific legislation, GD no. 1061/2008 on the transport of hazardous and non-hazardous waste
on the Romanian territory.

The control of the storage and disposal of non-radioactive chemical waste is carried out by:

- registration of inputs / outputs by categories and quantities of chemical waste, in records
specific to each storage space;

- archiving the forms for recording the transfer of waste and the transport of waste batches,
filled in and approved according to the internal procedure of Cernavoda NPP SI-01365-A033
“Management of non-radioactive industrial waste at Cernavoda NPP”;

- taking representative samples from waste containers for their characterization by physico-
chemical tests; keeping counter-tests until the disposal / recovery of the respective waste
(for the hazardous ones);

- periodic inspection of temporary storage areas for waste from the installation and application
of corrective actions where required;

- contracting transport and waste recovery / disposal services only with authorized providers,
after verifying that they meet all legal requirements according to environmental regulations
in the field of waste: presentation of a copy of permits, obtaining transport approvals
according to the legal procedure;

- verification and approval of the transfer documents by the person responsible for the
management of non-radioactive industrial waste of Cernavoda NPP.

The packaging (metal drums and plastic drums) is recovered after emptying the product and used
for the same purpose after being reconditioned (if necessary) by painting, restoring the markings
(labels) and removing any impurities.

The transfer to the unit of services for recovery / disposal of waste is made in accordance with
the regulations on the transport of waste on the Romanian territory and with the laws that regulate
waste management.

Collected in dedicated containers, household waste is taken over by authorized economic
operators and transported by specific means of transport to eco-friendly landfills.

Radioactive waste management

The management of radioactive waste generated by the project activities will be carried out
similarly and in an integrated way with those generated by the activities of U1 and U2.

The radioactive waste resulting from the CTRF operation will consist, for the most part, of: catalyst
and packing from LPCE, metallic waste and solid materials, molecular sieves from LPCE dryers,
molecular sieves from ADS and TRS dryers, molecular sieves from TGHSS dryers and ion
exchange resins. This waste falls into the category of low and medium active solid waste, the
radioactive contamination of which consists mainly of tritium (excluding ion exchangers, which
will contain corrosion and activation products and / or fission products, depending on the source
of the tritiated heavy water fed). This waste will be managed within the radioactive waste
management program of Cernavoda NPP.

Radioactive waste must be classified according to its physical and radiological characteristics in
order to optimize its processing and storage. Cernavoda NPP will ensure the intermediate storage
of radioactive waste under radiological safety conditions and will prepare the waste parcels
according to the specific acceptance criteria for the final storage established by the Nuclear
Agency and for Radioactive Waste, after the Final Deposit of Low and Medium Active Waste,
respectively the Geological Deposit, will be operational.

Appropriate procedures and equipment will be used to ensure proper monitoring, collection,
sorting and storage of radioactive waste.

The CTRF will have temporary storage facilities for radioactive waste.
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The liquid aqueous radioactive waste generated at CTRF is taken over by the active sewerage
system (BSI 71740), Unit 1, which directs this waste in the radioactive liquid waste system of
Cernavoda NPP (BSI 79210), Unit 1.

It is forbidden to discharge organic liquid radioactive waste into the Cernavoda NPP drainage
system. It will be collected in 220 | stainless steel barrels.

The handling, intermediate storage and transport of organic liquid radioactive waste (oils from
pumps and compressors, solvents, others) will be performed in a controlled and procedural
manner, according to the existing procedure of Cernavoda NPP.

The handling, transport, intermediate storage of solid radioactive waste will be performed in a
controlled manner, according to NPP procedures [89, 90].

The management of these types of radioactive waste is summarized in the following diagram:
General CTRF radioactive waste management scheme

Gaseous Technological Ventilation Ventilation stack
waste > System —"
Aqueous Radioactive liquid waste system
liquid waste [ — (BSI 79210) Cernavoda NPP
Liquid Collection Storage Preparation, Treatment and Final
organic —> in —> at CTRF treatment and conditioning for final storage
waste stainless > packaging for ~storage, according to >
steel intermediate the acceptance
barrels storage in DIDSR criteria developed by
(solid form) ANDR
Solid Collection Storage Preparation, Treatment and Final
incinerable in barrels at CTRF treatment and conditioning for final storage
waste — > —> conditioning for ~storage, according to
intermediate the acceptance
storage at DIDSR criteria developed by
ANDR
Compact Collection Storage Preparation, Treatment and Final
solid waste in barrels at CTRF treatment and conditioning for final storage
> —> conditioning for ¥storage, according to
intermediate the acceptance
storage at DIDSR criteria developed by
ANDR
Non-compact Collection Storage Preparation, Treatment and Final
solid waste —> in barrels —> at CTRF treatment and onditioning for final storage
conditioning for storage, according to
intermediate the acceptance
storage at DIDSR criteria developed by
ANDR

For the management of organic liquid and solid radioactive waste Temporary storage spaces
will be provided for barrels of radioactive waste resulting from the operation and periodic
maintenance of CTRF ready to be transferred for treatment and conditioning according to the
control process of radioactive materials Cernavoda NPP [13].

CTRF will include spaces for the collection and temporary storage of radioactive waste intended
for short-term storage of packaged liquid organic or solid waste, respectively of barrels of
radioactive waste resulting from the periodic operation and maintenance of CTRF, to be
transferred to Ul or U2 for characterization and processing, release under the CNCAN
authorization regime, if applicable, or transferred to DIDSR. The ion exchange resin type waste
results from the equipment related to the tritiated heavy water supply system of the installation
(HWFS — Heavy Water Feed System located at Cernavoda NPP, Unit 1 and Unit 2); these are
managed similarly to those in the plant, respectively they are transported to the storage tanks /
containers used for ion exchange resins located in the Services Building in each unit.

Currently, the DIDSR existing on site provides the intermediate storage of barrels with radioactive
waste in solid form generated by the operation of Units 1 and 2 of Cernavoda NPP. According to
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the National Medium and Long-Term Strategy on Waste Nuclear Fuel and Radioactive Waste
Management, a Final Low and Intermediate Level Waste Deposit (DFDSMA) will be put into
operation by the Nuclear and Radioactive Waste Agency. The commissioning of DFDSMA will
allow the transfer of radioactive waste from processed DIDSR in order to meet the acceptance
criteria for final disposal and consequently to clear the space in DIDSR.

Interim storage of waste ensures the containment and monitoring of waste with the possibility of
recovery for release under the authorization procedure or further processing for transfer to a final
landfill.

1.4.5.3 Decommissioning stage

CTREF is an auxiliary installation of the Cernavoda nuclear power plant, designed for a lifespan of
40 years, with the possibility of extending it equivalent to the lifespan of its units. CTRF
decommissioning plan will be integrated into the decommissioning plan of the nuclear unit, which
will be subject to CNCAN approval [4]. The initial (preliminary) decommissioning plan is developed
at the stage of obtaining the CNCAN construction permit, according to CNCAN NDR-07 Norms.
See also information presented in Subchapter 1.4.4.

The decommissioning of the CTRF will be in agreement with the decommissioning stages of the
other radiological installations of the plant. Thus, for waste collection, at the start of CTRF
decommissioning activities, there will be a collection system, with flows adapted to the categories
of waste that will result from the planned operations for the decommissioning of this facility.

The waste collected in the cleaning and preparation phase for decommissioning of the installation
is similar to the waste resulting from the operational stage and consequently can be managed
within the flows specific to the operational stage, and waste resulting from the actual
decommissioning stage will be managed according to the waste management program resulting
from the decommissioning of the NPP units, in accordance with the provisions of the final
decommissioning plan, which is approved by CNCAN, initial information on how to manage
radioactive waste will be available in the initial (preliminary) decommissioning plan to be
developed at the stage of obtaining CNCAN permits, according to NCN -01 and NSN-22,
preliminary plan which is updated every 5 years.

1.4.6 Types and quantities of liquid effluents generated by the project (including effluents,
technological waste, cooling water, sewage, treated wastewater, as appropriate), during
construction, operation, decommissioning and their management

1.4.6.1 Construction stage

During the construction phase, the category of liquid effluents generated by the project will be
represented by domestic wastewater. According to the norm in force | 9-2015 regarding the
design, execution and operation of the sanitary installation’s afferent to the buildings, MDRAP,
during the construction phase (approximately 18 months), wastewater will be generated following
the use of sanitary facilities by approximately 100 employees.

The average wastewater flow generated by this number of users is:

Q max day use = 8.07 m3/ day
Respectively
Q at 12 months use = 4,418,325 m?® / construction stage

This domestic wastewater flow will be added to the wastewater generated by personnel serving
existing activities in Unit 1, which are gravitationally discharged at Pump Station 7175-SP1
(equipped with 2 + 1 pumps with Q = 92.5 m3/ h, H = 36 m) located inside the Unit 1 and from
here they are evacuated by pumping to the Domestic Water Pumping Station 7175-SP2
(equipped with 3 + 1 pumps with Q = 80 m3/ h, H = 20 m) located between Units 3 and 4. From
SP2 the water is pumped to PS “ Valea Cismelei” of Cernavoda.

Domestic wastewater from Unit 1 is discharged into the sewerage network of the city of
Cernavoda, based on the Water Management Modification of Authorization no. 58 / 07.2021, No.
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72 of 06.09.2021 for Cernavoda NPP Ul and U2, respecting the maximum limits allowed
according to GD188 / NTPA 002/2002 amended by GD no. 352/2005.

Given that no radioactive materials or radiation sources are used during the construction phase,
and inside the CTRF building, until the commissioning of the tritium removal facility, the possibility
of radioactive contamination is excluded, it is not expected that from the activities carried out in
this stage there will be a result in radioactive liquid effluents.

1.4.6.2 Operating stage

During the operation phase, there will be approximately 26 employees who will work in shifts,
according to the regulations in force | 9-2015 on the design, execution and operation of sanitary
installations related to buildings, MRDPA. Therefore, the quantities of liquid effluents generated
by the project from the category of domestic wastewater will decrease significantly reaching a
volume of:

Q max day use = 2.90 m3/ day
Respectively
Q at 12 months use = 1,060 m?3/ year

The sewerage system of CTRF will be connected to the domestic and rainwater sewerage
systems of Unit 1, and the evacuation in the sewerage network of Cernavoda will be carried out
in accordance with the authorizations and legislative regulations in force.

Cooling water will not fall into the category of liquid effluents generated by the project. The 2
refrigerating units ensure CTRF continuous, closed-circuit operation [6].

CTRF process effluents

Potentially contaminated CTRF process effluents from the technological area including used
water from the fire extinguishing system and the water resulting from the decontamination of the
equipment will be collected gravitationally in a sealed tank (with a volume of 6 m?) located in the
basement of the CTRF building, from where they will be transferred by pumping to the Radioactive
Liquid Waste Management System from Unit 1.

From the sealed tank, potentially radioactive liquid waste is transferred controlled by pumping to
the Active Drainage System in the Unit 1 Service Building, from where it is then transferred to the
Radioactive Liquid Waste Management System. The volume of the tank and the transfer system
were calculated so that it could take over the maximum volume of water that could accumulate
and avoid flooding the first basement.

The U1 Radioactive Liquid Waste Management System (consisting of 5 tanks, 50 m® each, filter
/ ion exchanger unit — for purification, filters and dilutes if necessary and brings to values below
the evacuation limit — and pumps) discharges water from the tanks, in the condenser cooling
water discharge channel of Units 1 and 2 of Cernavoda NPP. The discharge of the contents of a
tank into the condenser cooling water channel is done in a controlled manner.

1.4.6.3 Decommissioning stage

In the preparatory activities for the decommissioning stage, more precisely in the stage of turning
off the installation, a series of liquid effluents from the support systems (D.O, water, oil, etc.) will
result [2], which will be recovered and treated accordingly, pursuant to the provisions of the final
decommissioning plan, which will be approved by CNCAN, initial information on how to manage
radioactive waste will be available in the initial (preliminary) decommissioning plan to be
developed at the stage of obtaining the CNCAN building permit , according to NDR-07, preliminary
plan which is updated every 5 years, in accordance with the same regulations.
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1.4.7 Composition and toxicity or hazardousness of all liquid effluents produced by the
project

The entire radionuclide inventory in the tritium removal facility comes from the heavy water
transferred from Units 1 and 2, the moderator systems and the primary heat transfer systems.
Whereas, before being transferred to the Tritium removal facility, the tritiated heavy water is
purified to the quality parameters required to supply the Catalytic isotope Exchange (LPCE)
columns by removing mechanical impurities and retaining radionuclides other than tritium in a
purification unit, the premises are created so that the fluids that will circulate inside the installation
are contaminated only with tritium. However, the possibility of traces of other radionuclides is not
ruled out, in principle, only in the part of the installation where tritiated heavy water (feed fluid) is
circulated. However, the concentration levels of these radionuclides are low due to the high
efficiency of the purification system, see Subchapter 1.3.1 (HWFS). Normally, the discharge of
liquid effluents is made in the Danube, through the Seimeni Canal.

For the discharge of liquid effluents into the Danube — Black Sea Canal, additional measures are
implemented, so that the concentration of radioactivity in the canal water complies with the limits
established by the legislation in force for drinking water. Administrative measures and monitoring
ensure compliance with the legal requirements for drinking water radioactivity (*H concentration,
global alpha activity and global beta activity). The plan of measures for limiting the concentration
of radioactivity in the discharged water is presented to the authorities for obtaining permits to
switch the discharge route [4].

The composition and toxicity of non-radioactive liquid effluents will be monitored through the
Cernavoda NPP’s own laboratory and through accredited third-party laboratories.

1.4.8 Liquid effluent management and monitoring program; including the calculation of
radionuclide dispersion in surface waters

Monitoring program of the radioactive liquid effluent

Potentially contaminated fluids from the CTRF technological area are collected in the tank located
at an elevation of 96 m from where they will be transferred to the liquid effluent collection tanks of
Cernavoda NPP, Unit 1. The processing of this waste will be done according to the liquid effluent
monitoring program. At the power plant [2].

Aqueous liquid waste is collected and processed within radioactive contaminated wastewater
treatment system, which consists of 5 tanks (tank, made of concrete lined with epoxy resin, with
a capacity of 50 m® each, located in the basement of the service building and of collection / transfer
piping systems. The contents of a tank are mixed and a sample is taken which will be analyzed
in the chemical laboratory of Cernavoda NPP, in terms of pH and radioactivity concentration — by
gamma spectrometry and tritium analysis by counting with liquid scintillators.

If the measured values are less than the limits set for discharge, the contents of the tank are
discharged into the condenser cooling water channel — the minimum dilution factor is 1: 2900, but
normally the discharge is made with a dilution of 1: 7000. During discharge, the effluent is
continuously monitored by the liquid effluent monitor which measures the discharged gamma
radioactivity and stops the discharge in case the fixed alarm threshold is exceeded. Condenser
cooling water is discharged through the Seimeni discharge channel into the Danube, where
another dilution takes place.

Discharge of a tank is permitted if it contains less than 0.05% of the annual LDE — gamma activity
and 0.5% of the annual LDE tritium, and the estimated total for that month (including previous
discharges) is less than 3% of the annual LDE [1]. If the measured values are higher than the
limits set for evacuation, the contents of the tank are decontaminated by filtration on columns
equipped with ECODEX resins that retain gamma radionuclides and the process is resumed.
During the discharge, the MEL (liquid effluent monitor — LEM) continuously collects a sample. The
collected sample is analyzed in the dosimetry laboratory and the values are reported [3].
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The management of liquid effluent discharges is carried out by following the compliance with the
operational limits, established by reference to the derived evacuation limits (LDE) approved by
CNCAN.

Thus, for the liquid effluents generated by the two CANDU units of Cernavoda NPP, in operation,
LDE for liquid discharges were calculated for each discharge route and each population group
considered for liquid discharges in CDMN and Danube respectively. By the calculation
methodology proposed by Cernavoda NPP and approved by CNCAN, for each radionuclide, the
lowest value of the calculated LDE was selected.

Derived limits for the discharge of radioactive effluents into the environment are set so as to
ensure that the dose constraints are respected for the most exposed persons in the population.

For liquid effluents, 3 different locations were established for the representative persons (adult,
respectively child 0 — 1 year), depending on the two possible evacuation routes:

CDMN evacuations: - The town of Cernavoda located 2 km from the power plant.

- The city of Constanta only for drinking water, because
approximately 40% of its population is supplied with drinking water
from CDMN.

Danube evacuations: - The locality of Seimenii Mari, located on the bank of the Danube
at approx. 1 km downstream of the discharge point of the condenser
cooling water outlet into the Danube.

In addition to the annual evacuation limits, in order to monitor and optimize the control of
radioactive evacuations, LDEs have also been approved for shorter periods of time, as follows:

e Quarterly LDEs: 35% of annual LDEs;
e Monthly LDEs: 15% of annual LDEs;
e Weekly LDEs: 6% of annual LDE.

Similar to the effluent emission authorization process applied to the two units of Cernavoda NPP,
in the case of CTRF, CNCAN will establish a dose constraint of 10 uSv/year, associated with the
operation of the tritium removal facility, which will serve as a basis for establishing the derived
evacuation limits for gaseous effluents. Due to the proximity of the CTRF sites, respectively U1
and U2 and the similarity of the effluent discharge installations, it is proposed to use the same
models for calculating the derived evacuation limits for the CTRF also.

In the mathematical modeling of the transfer of radionuclides from source to human receptor, the
dispersion of radioactive pollutants in the aquatic environment is based on the hypothesis of total
dilution of the pollutant in the emissary, before the location where the representative of the
population can use the water resource. From the information above, it is observed that in the case
of Cernavoda NPP, this hypothesis is fulfilled. Under these conditions, it is defined the transfer
parameter P02 that binds the concentration of the radionuclide of interest in water (X) at a certain
location to the discharge flow, X, (w). This parameter is thus given by the equation:

X2 B

P, = = . e_ld'T (S . L_l)
0z Xo(w) Dp-Qy

Where:

Qv = average annual effluent discharge rate (L s-1)

Dr = dilution factor

B = effluent recirculation factor

A=A+ A (s7)

Ar = radioactive decay constant

Ac = sediment removal constant

T = transport time from point of evacuation to point of use of water (s)
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For conservatism, when no specific data is available for the retention of radionuclide by
sedimentation, the value of A:is considered A: = 0, and Ag = A..

The dilution factor, Dr, is the report between the average effluent concentration at the point of
evacuation and the average concentration at the point of water use. For evacuation in the Danube
— Black Sea Canal, it does not have a significant flow for the necessary dilution of liquid
evacuations. Therefore, the Dr will be 1. The main dilution of radioactive liquid evacuations takes
place at the evacuation into the Condenser Cooling Water Channel though the Danube.

The recirculation factor B takes into account the increase in the concentration of radionuclide in
the effluent, by accumulation, when part of the evacuated water is recirculated. If the evacuated
water is not recirculated, = 1. For cold periods, when recirculating, B = 1 / (1-f), with f, =
recirculation fraction.

The transport time from the place of evacuation to the point of use is of 0 (zero) s for Cernavoda
and 2.53 x 10° s for Constanta (1 day for transport and 2 days of delay due to water treatment
and distribution stations). For evacuations in the Danube (water use by people from Seimeni) the
transport time is considered 0 (zero) s for reasons of conservatism. The average annual effluent
flow rate of liquid effluent, Q, is 5.38 x10* L s [3].

Using the calculation model above, the dispersion parameters for H-3 and C-14 radionuclides of
interest for CTR are estimated (Table 1.4.8.1).

Table 1.4.8.1 Dispersion parameters for H-3 and C-14 radionuclides [3]

Radionuclide Dispersion parameter P02 (s - L)

Cernavoda Constanta Seimeni
H-3 1.86E-05 1.86E-05 3.85E-07
C-14 1.86E-05 1.86E-05 3.85E-07

Physico-chemical monitoring program for non-radioactive liquid effluent performed at
Cernavoda NPP is carried out according to the provisions of the following regulatory acts:

- Current water management permit — identifying the chemicals that may be present in the
evacuated water, the evacuation path and the maximum permitted concentrations;
- The protocol signed with ABADL — which identifies the physico-chemical parameters to
be analyzed, the frequency and the sampling points.
The monitoring program consists of two parts:
- the routine monitoring program of the physico-chemical parameters of the evacuated
waters
- monitoring program in case of accidental chemical spills
The sampling points shall be set up in such a way as to ensure the representativeness of the
samples, both for the influent and for each non-radioactive liquid effluent discharge route.
The sampling points, established by the agreement signed with ABADL, are:
e For Influent:
- Danube: Hinog water treatment plant, before the supply point of Cernavoda NPP;
- NPP bridge: the bridge on DJ 223, over the bypass canal.
e For Effluent:
- Seimeni Bridge: the bridge over the Seimeni drainage canal, where water is
evacuated into the Danube;
- CPPON bridge: the bridge on DJ 223, over the drainage canal, at the hydropower
plant, when the water is discharged into the CDMN — Bief Il.
The sampling frequencies for the analysis of the various indicators were established by the
Protocol signed with ABADL.

The points for measuring the temperature of the influent and the effluents are established by the
Protocol signed with ABADL, these being located in relevant points on the banks of the canals
(derivation canal Seimeni evacuation canal, CDMN evacuation canal). The temperature is
measured daily.
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1.4.9 Types and quantities / volumes of gaseous and dust emissions generated by the
project (process emissions, radioactive emissions, spontaneous emissions, emissions
from burning fossil fuels from stationary sources — Stand-by Diesel generator groups, dust
from handled materials, odors), during construction and operation

1.4.9.1 Construction period

The construction phase (18 months) will be a temporary source of gas emissions and dust
generated by the activities on site.

Dust emissions will be significantly dependent on the organization of the site and the application
of specific measures to reduce dust. The main source will be mainly from construction activities
but also from wind erosion on damaged surfaces.

To limit dust emissions, the exposed ground surfaces will be wetting during windy periods.

Non-radioactive gas emissions from the construction period will result from burning fuels in the
engines of construction equipment and machinery. These emissions were estimated according to
the EMEP / EEA air pollutant emission inventory guidebook — Publications Office of the European
Union, 2019 [9], taking into account the estimated need for equipment, machinery and heavy
vehicles used in the construction phase for a period of 18 months.

Emissions of pollutants resulting from the combustion of fuels in the engines of construction
equipment and machinery were calculated based on the provisions of Order 3299/2012 — mobile
sources represented by the operation of motorized mobile machinery and equipment, NFR code
1.A.2.f.ii — Non-road mobile sources and equipment (in the industrial field) and mobile sources
represented by vehicle traffic at the site of the installation, NFR code 1.A.3.b.ii and NFR code
1.A.3.b.iii.

The results obtained on the estimated quantities / volumes of emissions from the process are
presented in Table 1.4.9.1.2.

Table 1.4.9.1.1 Types / quantities of gaseous emissions generated by the project

Types of gaseous emissions Combustion of fuels in mosk())i_lljerggnstruction machinery and
equipment

E;/Xduration of the construction stage 4671.8

(k:;/ duration of the construction stage 1061.2

Egolzduration of the construction stage 439.6

E@l]\/l /l(:juration of the construction stage 131.6

EQI;VI/ 2d5uration of the construction stage 131.6

The emissions of pollutants resulting from the combustion of fuels in the engines of construction
equipment and machinery are not covered by the GHG authorization of Cernavoda NPP, not
coming from stationary sources and will also be local and of short duration.

During the construction phase of the CTRF, there will be emissions of SOz, NOy, CO and dust
from the flue gases of the equipment used on site and from the transport activity, as well as from
the excavation works of the soil.

The equipment that will be operated on site will be technically appropriate, as much as possible
the work will be carried out during the day, they will be limited in time, carried out by trained
personnel, in compliance with all preventive measures, so that emissions are kept to a minimum
in order not to endanger human health and the environment.
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Radioactive emissions

During the construction phase, there are no other radioactive emissions, as a result of the
implementation of the CTRF project, except for some potential resuspensions of the radioactive
contamination from the soil present in the vicinity of Cernavoda NPP.

The results of the environmental monitoring program of Cernavoda NPP confirm the results of the
monitoring programs of the environmental authority, indicating that in the area of influence of the
plant is not observed the presence of artificial radionuclides gamma emitters having as source
emissions from Cernavoda NPP, the only radionuclide indicating a NPP contribution to the soil
radioactivity being tritium.

Table 1.4.9.1.2 presents the values measured within the environmental factors monitoring
program of Cernavoda NPP, in 2020, for the investigation points on the Cernavoda NPP site
closest to the CTRF location area. As the variation in the concentration of tritium in the soil
depends not only on the level of emissions from nuclear units, but is significantly influenced by
meteorological conditions (winds, precipitation) and excavation depth, it is proposed to take into
account the maximum annual average determined in the area of interest for the calculation of
tritium emissions from the construction / assembly stage.

Table 1.4.9.1.2 Tritium activity concentration (Bq / kg) measured within the environmental
monitoring program of Cernavoda NPP in 2020

Point of investigation Date Tritium activity concentration (Bq / kg)
Value Average
22-Apr-2020 16
Zone DICA — SSLO1 12-0ct.2020 20 18
Protected perimeter of Unit U1 — SSS10 | 22-Apr-2020 43
27
13-Oct-2020 11

Given that the regulations in force provide for a maximum permissible concentration of 10 mg /
m? for dust in the air in the working environment (regulated by the Decision no. 1425/2006 for the
approval of the Methodological Rules for the application of the provisions of Law 319/2006 on
occupational health and safety), it can be estimated that for a value one hundred times higher
than this concentration results in an additional tritium concentration in the air of 30 mBq / m3. This
conservative estimate of the local increase in the concentration of tritium in the air as a result of
the resuspension of soil particles mobilized by excavations at the CTRF site, shows that it is
inappropriate to consider this as a source of radioactive emissions, since its effect is one order of
magnitude below the concentration of atmospheric tritium of cosmogenic origin. In conclusion, it
is estimated that there are no sources of radioactive emissions into the atmosphere associated
with the construction phase of the CTRF.

Spontaneous emissions

By applying the appropriate procedures, respectively spraying / wetting the dust sources, they will
be reduced to a minimum and their amount will be insignificant in relation to the natural
background.

Odors

There are no sources of odors as a result of the operation or supply of various auxiliary materials
or fuels to the Stand-by Diesel generator sets.

1.4.9.2 Operating period

During the operation period, there will be gaseous and dust emissions resulting from the periodic
tests (2 hours/month/Stand-by Diesel generator group) for the preventive verification of the
availability of the two Stand-by Diesel generator units. To these will be added as before the
emissions generated by the fuels of the transport means and other equipment on the premises,
the latter being of short duration and will be the result of short distances movement to carry out
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punctual activities necessary for the operation of the two nuclear electric units installations and of
the auxiliary / related ones.

At this stage of the technological process of tritium removal, radioactive emissions appear that
will be discharged to the stack of the CTRF installation.

Non-radioactive gas emissions

The operation of the 2 Stand-by Diesel generator groups, will generate emissions of particles and
combustion gases of diesel, mainly Nox, CO, SO, and dust in the short term. Order 3299/2012
[10] — “Activities in the category of NFR code 1.A.4 Burning in low power stationary sources” and
EMEP / EEA 2019 [9] were used to assess emissions.

The results obtained regarding the estimated quantities / volumes of emissions from the
combustion of fossil fuels from stationary sources — Stand-by Diesel generator groups, are
presented in table 1.4.9.2.1.

Table 1.4.9.2.1 Estimated missions from burning fossil fuels from stationary sources — Stand-by
Diesel generator groups

Nox SO2 CcO PMa1o PM2 s
kg/h kg/h kg/h kg/h kg/h
Flow 10.260 1.089 1.555 0.466 0.390

These emissions will exist only in the short test periods (2 hours/month), the flow values being
maximum, calculated by the methodology below, taking into account the physico-chemical
parameters established by national lists by fuel category.

The fuel supply of the CTRF Diesel tanks will be made during the supply process related to the
other combustion installations in the CNE, without the need to supplement the transport, as there
is no need to supplement the transport, basically will not be an additional contribution of emissions
from transport.

The calculation of annual emissions for the recording of greenhouse gas emissions leads to a
maximum value of around 395 t COyl/year, resulting from the operating hours for operational
testing of the 2 Diesel-generator sets, which will come into effect after the commissioning of the
objective. These estimates are to be included in the next revision of the GHG authorization of
Cernavoda NPP Branch, according to the applicable provisions.

The calculation used to estimate the CO, emissions related to the EU-ETS installations (diesel
groups) is the one applied by Cernavoda NPP for the other EU-ETS installations located on the
Cernavoda NPP site, regulated by the greenhouse gas emissions authorization
no.38/25.01.2021.

Spontaneous emissions / dust generated by the project

There are no significant dust as a result of the operation or supply of various auxiliary materials
or fuels to the Stand-by Diesel generator groups.

Odors

There are no sources of odors as a result of the operation or supply of various auxiliary materials
or fuels to the Stand-by Diesel generator groups.

During the CTRF operation period, the only possible sources of direct emissions of non-
radioactive toxic substances into the environment are the Stand-by Diesel generator groups
(according to Chapter 1, Subchapter 1.4.10, SO,, NOy, CO and dust emissions are generated by
them).

Stand-by Diesel generator groups will have a limited operation (2 hours / month for test periods/
Stand-by Diesel generator group). In case of incident, by losing the connection to the mains, the
Stand-by Diesel generator group will operate for a longer period.
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In view of the estimated period of operation of the Stand-by Diesel generator groups, it can be
considered that those quantities of emissions in the stack do not present a danger to human
health and the environment.

Radioactive emissions

In the case of the CTRF installation, the project creates the conditions for the tritiated heavy water
transferred from the technological installations of units 1 and 2 of Cernavoda NPP to be purified,
in terms of radionuclide content (other than tritium), by retaining them on ion exchanging resins.
This way, the fluids circulated through the CTRF installation will contain, as radioactive
contaminants, mainly tritium and traces of radionuclides specific to the primary heat transfer
system, or the CANDU moderating system. With the exception of tritium, the presence of other
radionuclides is virtually excluded in CTRF radioactive gas emissions. Based on the maximum
projected CTRF emissions (50 TBq / year) and taking into account the technical characteristics
of the ventilation system, the average concentration of tritium in the gaseous effluent can be
calculated.

The results of the evaluations for the average levels of tritium activity concentrations in the
radioactive gas emissions for the normal operation of the CTRF installation and the Ul and U2
units from Cernavoda NPP are presented in table 1.4.9.2.2.

Table 1.4.9.2.2 Results of the evaluations for the average levels of tritium activity
concentrations in gaseous radioactive emissions for the normal operation of CTRF installations
and U1 and U2 units from Cernavoda NPP

. Annual Contribution
Source Polluting | Emission Activity Evacuated tritium to activity
: flow (TBg/ | gas flow S )
name form fraction h) (m3/ h) emission | concentration
(TBQq) (kBq / m3)
0, |
CTRE DT /HT 34% 2.13E-03 55000 17 18.4 LDE not yet
stack DTO 66% 4.13E-03 61000 33 35.6 authorized
3950 TBq / year —
~ 0, -
U1 stack DTO 100% 6.33E-02 158830 506 398.5 LDE for HTO
corresponding to a
U2 stack DTO ~ 100% 5.76E-02 153630 461 374.9 dose constraint
of 52.5 uSv / year

Planned emissions

During the construction period of the CTRF, the planned radioactive emissions from stacks Ul
and U2 fall within the limit of 3950 TBq / year / unit — LDE for HTO corresponding to a dose
constraint of 52.5 ySv / year / unit. During the CTRF operation period, a value corresponding to
a dose constraint of 10 uSv / year is added to them.

The planned gaseous emissions are discharged by means of specially designed systems with the
aim of ensuring their best possible dispersion, in order to reduce the level of concentration in the
area of influence of the installation. The only risk associated with CTRF effluent emissions is
radiological, but the maximum effective dose, estimated for the representative person in the
population, will be less than 0.7 microSv / year (see subchapter 4.2), which means that these
emissions have a very low degree of danger.

1.4.10 Methods of collection, treatment and disposal of emissions

In order to ensure the containment of potential contaminants, inside the technological spaces of
the CTRF, as well as for the collection of possible releases of radioactivity from the installations,
the CTRF building is equipped with a series of ventilation systems, as follows [1]:

¢ an S1 ventilation system, in the area of technological installations (area with potential for
contamination and / or explosion — area with hydrogen):
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e an S2 ventilation system, in the area of auxiliary systems (area without hydrogen,
approximately 45,000 m3/ h);

e an S3 ventilation system in the electric battery chamber (approximately 3 000 m3/ h);

e an S4 ventilation system, in the area occupied by the operating personnel (approximately
1500 m3/ h);

e an S5 ventilation system in the helium compressor chamber (approximately 15,000 m?® /
h);

e an S6 ventilation system in the air compressor chamber (approximately 2000 m*/ h).

The discharge into the atmosphere of the effluents from the ventilation systems S1, S2 and S3 is
carried out through CTRF installation stack, with the following characteristics [1]:

e Stack height: 50 m

e Inner diameter of the stack: approx. 1.7 m

e Stack section: approx. 2.3 m?

e Evacuation flow: 103,000 m®*/h=28.6 m3/s

e Evacuation speed: approx. 12.4m/s
Exhaust flows are designed to ensure the efficient evacuation of hydrogen from the building, in
order to prevent the accumulation of hydrogen in the enclosure, therefore, the potential danger of
the formation of explosive concentrations [1].
The S4, S5 and S6 ventilation systems circulate clean air, without any danger of contamination,
its evacuation being done directly outside the building.
At the same time, inside the CTRF building are located a series of systems with the role of tritium
retention or recovery, described below [1].
ADS atmosphere detritiation system — with the role of decontamination (tritium removal) of the air
by recovering vapors from the area where the tritiated heavy water processing / storage
equipment is located, when the tritium concentration in the air exceeds the predetermined
thresholds, situations that may occur in case of accidental leaks or in case of damage. The
principle of operation of the atmosphere detritiation system is the evacuation of air from the
technological zone through an installation in which D,O / DTO / H,O vapors are adsorbed in a
desiccant mass. Tritium and hydrogen in gaseous form are catalytically oxidized to tritiated water,
followed by condensation of tritiated water vapor and drying of gaseous effluent on the molecular
sieve. In the catalytic recombiner, 99.9% of the hydrogen isotopes are catalytically oxidized to
tritiated water. Less than 0.1% of tritium gas will not be oxidized. The air thus treated is
recirculated to the rooms where the increase in tritium concentration has been detected. A
hydrogen detector is provided on the ADS supply circuit to prevent an explosion in the event of
system operation, by accumulating hydrogen in the system supply line.
TRS tritium retention system- has the role of ensuring the recovery of tritium and deuterium from
all processes involving waste gas streams and purge gases generated during normal operation,
maintenance activities (purging and evacuation of equipment) and / or the start of process
systems. The mode of operation of the TRS system is of the stand-by type, which enters normal
operation at the time of execution of maintenance operations, commissioning, planned shutdowns
or in case of emergency. The TRS tritium retention system has the ability to process tritium
deuterium from technological systems and aspirated contaminated air from various locations
where maintenance operations are performed simultaneously and independently.
For the 2 Stand-by Diesel generator groups there will be discontinuous emissions, of short
duration (2 hours / month) and reduced in value. They will be evacuated through a stack that will
be 4 meters high above the CTRF building.

1.4.11 Gaseous effluent management and monitoring program

Gaseous radioactive effluent

Ul and U2 radioactive effluent monitoring program is to be expanded to include CTRF discharges.
The doses collected by the population will be estimated based on the tritium emissions of CTRF,

through the same calculation models that are applied for Units 1 and 2 of Cernavoda NPP and
approved by CNCAN.
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Verification of compliance with the Derived Emission Limits will be done by monitoring the gas
emissions in the stack. According to the regulatory requirements, the Derived Emission Limits will
be established by the authorization applicant in consultation with an expert accredited by CNCAN
in the field of radiation protection and approved by CNCAN within the authorization process.
The measurement of tritium concentration in the evacuated air will be done both in real time and
by sampling and subsequent measurement in the laboratory. Thus, for the control and limitation
of emissions will be installed [1]:

e A tritium monitor in the air, with an ionization chamber or proportional counter, to provide
real-time information on tritium discharges to the stack;

e Two tritium collectors in the air provided with the possibility to discriminatively collect
tritium in both vapor (HTO) and gas (HT) form. The samples thus taken will be analyzed
in the dosimetry laboratory of the plant to determine the concentration of tritium in the
gaseous effluents released into the environment;

e A flow meter for measuring the flow of air discharged into the environment through the
stack of the ventilation system. The flow meter will be equipped with an electronic
integrator to determine the volume of air released in different periods of time.

Representative air samples will be taken continuously from the dispersion stack, and the tritium
concentration in the air will be determined, both globally and discriminatively for the form of water
vapor (HTO) and for the form of gas (HT).

The effluent samples will be collected by the CTRF operating staff and analyzed by the Cernavoda
NPP Dosimetry Laboratory. Monitoring and reporting of radioactive effluents related to the
operation of the NPP will also include data from the CTRF.

All equipment and apparatus that will be used in monitoring radioactive discharges to the CTRF
will be certified according to the legal provisions, and the working, calibration, testing,
maintenance and metrological verification procedures will be rigorously documented and
approved by the responsible factors, including the relevant authorities.

The results of monitoring the radioactivity of effluents discharged into the air are compared with
the derived emission limits, which are calculated in accordance with the requirements of the
CNCAN Norms, limits that are approved by CNCAN in the commissioning phase authorization
process.

Non-radiological gaseous effluents

As the emissions from the 2 Stand-by Diesel generator groups will be discontinuous and short-
lived and will be integrated in the Authorization on greenhouse gas emissions of the plant, the
monitoring of greenhouse gas emissions will be performed by the NPP based on the monitoring
plan approved by the National Agency for Environmental Protection, an integral part of the GHG
Authorization. The monitoring report shall be submitted in the first quarter of each year and shall
contain the results of the monitoring of emissions generated in the year preceding the reporting.

1.4.12 Characteristics of atmospheric emission sources, as well as their characteristics
(stack height, emission velocity and temperature, etc.)

The CTRF installation is designed so that all technological losses are collected inside it. The air
intake, collection and evacuation system is designed to reduce the risk of radiological hazards
(tritium in the air) both in the air in the technological areas and in the area occupied by the
operating personnel (clean area) inside the CTRF installation.

Emissions planned to result from the technological tritium removal process will be evacuated to
the CTRF stack.

The project aimed at creating a stack for the evacuation of gaseous effluents from the CTRF to
ensure a dispersion similar to that of the stacks from the nuclear units at the Cernavoda NPP.
Table 1.4.12.1 presents the constructive and functional characteristics of the ventilation stacks of
the CTRF installation and of the two CANDU units, in operation at Cernavoda NPP.
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Table 1.4.12.1 Construction and functional characteristics of ventilation stacks

Name Consumption/ | annual | Pollutants Height diameter Speed, Temperature Flow
production work (m) inside the (m/s) (®) volume /
time top of mass
(hours) stack flow
(m) (m®/s)
CTRF 320t/ year 8000 DTO approx. 1.7 approx. 20+30 28.6
stack heavy water DT 50 12.6
U1 unit 706.5 8000 DTO 50.3 2.3 8.9 45 44.12
stack MWe average
installed power
U2 unit 706.5 8000 DTO 50.3 23 8.9 45 42.68
stack MWe average
installed power

1.4.13 Dispersion factors for gas from the Stand-by Diesel generator groups

For the calculation of the dispersion factors for the gases from the Stand-by Diesel generator
groups, the parameters from Table 1.4.13.1 were taken into account.

Table 1.4.13.1 Parameters used in the calculation of dispersion factors for gases from Stand-by
Diesel generator groups

I:]eon? Parameter Value Source Comment
Wind speed at the Meteorological study Taken from the compass
1 earth's surface >6 m/s regarding the location of | rose
Cernavoda NPP, 2019
> The time of day 12 hours i We opted for maximum
turbulence
Solar radiation It was estimated based on
data from the
3 Moderate - Meteorological Study on
the location of Cernavoda
NPP, 2019
4 Atmospheric stability D Calculated according to The formula took into
class the formula accountitemno. 1,2 and 3
Environment The presence of nearby
5 Industrial i buiIdi_n_gs reflects the
conditions of the urban
environment
Anemometer height Meteorological study
6 10 m regarding the location of -
Cernavoda NPP, 2019
Wind speed at Meteorological study
7 anemometer height 7 mls regarding the location of -
Cernavoda NPP, 2019
The height of the According to the
8 stack 9m information provided by -
NPP
The speed of the Calculated according to
9 | wind at the height of 6.82 m/s the formula -
the stack
Stack diameter According to the
10 0.4m information provided by -
NPP
Gas temperature at According to the
11 | the exit of the stack 810 K information provided by -
NPP
Atmospheric Meteorological study
12 | temperature 295.15K regarding the location of | Average temperature
Cernavoda NPP, 2019
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The input data presented in Table 1.4.13.1 were used as follows:

» for calculating atmospheric stability: wind speed, time of day (day, night) and type of
insolation;

» for calculating the wind speed at the level of the stack: the category of atmospheric
stability, the environment (urban, rural), the height of the anemometer, the wind speed at
the level of the anemometer, the height of the stack;

» for calculating the height of the pollutant layer: stack diameter, pollutant outlet speed,
pollutant outlet temperature and ambient temperature;

» for calculating the dispersion parameters (on y and on z), the distance on x;

» for calculating the concentration of pollutants at different distances, the rate of emission
at the stack output, the distance on the y axis and the distance on the z axis.
(https://www.wkcgroup.com/tools-room/online-air-dispersion-model/).

Following the calculation of the concentrations of different pollutants at different distances, the
data in table 1.4.134.2 resulted. Concentrations were calculated based on emissions from the
combustion of fossil fuels from stationary sources - Diesel generator (Table 1.4.9.2.1), established
in accordance with Order 3299/2012 [10] - ,Activities in category NFR code 1.A.4 Burning in low
power stationary sources" and EMEP / EEA 2019 [9].

Table 1.4.14.2 Concentrations calculated at an average ambient temperature of 22 ° C, average
wind speed > 6 m /s, at 0 m from the ground (1 diesel generator in operation)

Distance (Km)
0.2 0.5 0.8 1 15 2 5 8 10 15 20 25 30
Concentrations
of gas releas
(ug / m®)
NOXx 149.01 | 276 | 11.82 | 7.99 | 401 | 252 | 0.65 | 0.35 | 0.27 | 0.16 | 0.12 | 0.09 | 0.08
SOx 1582 | 293 | 1.25 | 0.85| 0.43 | 0.27 | 0.07 | 0.04 | 0.03 | 0.02 | 0.01 | 0.01 | 0.01
CcoO 2258 | 418 | 1.79 | 121|061 038 | 0.1 | 0.05|0.04|0.02|0.02]0.01]|0.01
PMao 6.77 125 | 054 | 0.36 | 0.18 | 0.11 | 0.03 | 0.02 | 0.01 | 0.01 | 0.01 0 0
PMzs 5.66 1.05 | 0.45 03 (015| 0.1 | 0.02 | 0.01]|0.010.01 0 0 0

Table 1.4.13.3 Concentrations calculated at an average ambient temperature of 22°C, average
wind speed > 6 m /s, at 0 m from the ground (2 diesel generators in operation)

Distance (Km)

0.2 0.5 0.8 1 1.5 2 5 8 10 15 20 25 30
Concentrations
of gas release

lug / m)
NOx 298.02 | 55.2 | 23.64 | 1598 | 8.02 | 5,04 | 13| 0.7 | 054 | 0.32 | 0.24 | 0.18 | 0.16
SO« 31.64 | 5.86 2.5 1.7 0.86 | 054 | 0.14 | 0.08 | 0.06 | 0.04 | 0.02 | 0.02 | 0.02
co 4516 | 8.36 | 3.58 | 242 |122|076| 02| 0.1| 0.08 | 0.04 | 0.04 | 0.02 | 0.02
PMio 1354 | 25| 1.08| 0.72| 036 | 0.22 | 0.06 | 0.04 | 0.02 | 0.02 | 0.02 0 0
PMz2s 11.32 | 21 0.9 06| 03| 0.2]0.04|0.02]|0.02| 0.02 0 0 0
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The dispersion coefficients have been calculated and are shown in Table 1.4.13.4.

Table 1.4.13.4 Dispersion coefficients for pollutants taken into account under the conditions
described above (1 diesel generator in operation)

Pollutant /

Distance (Km) 0.2 0.5 0.8 1 15 2 5 8 10 15 20 25 30

NOx (10 * s/m?3) 52.284|9.684 | 4.147 | 2.804 | 1.407 | 0.884 | 0.228 | 0.123 | 0.095 | 0.056 | 0.042 | 0.032 | 0.028

SOz (106 * s/m?3) 52.29819.686 | 4.132|2.810|1.421 | 0.893|0.231|0.132 | 0.099 | 0.066 | 0.033 | 0.033 | 0.033

CO (10 * s/m?3) 52.275|9.677 | 4.144 | 2.801 | 1.412 | 0.880 | 0.232 | 0.116 | 0.093 | 0.046 | 0.046 | 0.023 | 0.023

PMzo (10 * s/m3) 52.300(9.657 |4.172|2.781|1.391 | 0.850 | 0.232 | 0.155 | 0.077 | 0.077 | 0.077 | 0.000 | 0.000

PM2s5 (10 *s/m%) |52.246|9.692 | 4.154 | 2.769 | 1.385 | 0.923 | 0.185 | 0.092 | 0.092 | 0.092 | 0.000 | 0.000 | 0.000

Table 1.4.13.5 Dispersion coefficients for pollutants taken into account under the conditions
described above (2 diesel generators in operation)

Pollutant /

Distance (Km) 02 | 05|08 | 1 |15 2 5 8 | 10 | 15 | 20 | 25 | 30

NOx (106 * s/m3) 104.57]19.37 | 8.295|5.607 | 2.814 | 1.768 | 0.456 | 0.246 | 0.189 | 0.112 | 0.084 | 0.063 | 0.056

SO2 (106 * s/m?3) 104.6 | 19.37 | 8.264 | 5.62 | 2.843|1.785|0.463 | 0.264 | 0.198 | 0.132 | 0.066 | 0.066 | 0.066

CO (106 * s/m?3) 104.55]19.35 | 8.288 | 5.603 | 2.824 | 1.759 | 0.463 | 0.232 | 0.185 | 0.093 | 0.093 | 0.046 | 0.046

PMzo (10 * s/m?) 104.6 | 19.31|8.343|5.562 | 2.781| 1.7 |0.464|0.309|0.155|0.155|0.155| O 0

PM25 (10 * s/m3) 104.49|19.38 | 8.308 | 5.538 | 2.769 | 1.846 | 0.369 | 0.185 | 0.185|0.185| O 0 0

The graphs in Figure 1.4.13.1 and 1.4.13.2 show the spatial distribution of the dispersion
coefficients depending on distance, under the conditions presented above, for the pollutants taken
into account.
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Dispersion factor for pollutants studied depending on distance
(1 diesel generator in operation)

Dispersion coefficient (10-6 s/ m3

0.0 — ® o @ o ®
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Distance (Km)

Figure 1.4.13.1 Distribution of the dispersion coefficient according to the distance from the
stack at ground level (1 Diesel generator in operation)

Dispersion factor for pollutants studied depending on distance
(2 diesel generators in operation)

Dispersion coefficient (10-6 s / m3
a
o
o

L ° o o ° ° . °
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Distance (Km)

Figure 1.4.13.2 Distribution of the dispersion coefficient according to the distance from the
stack at ground level (2 Diesel generators in operation)

1.4.14 Dispersion factors for radionuclides released into the atmosphere

Norms regarding meteorological and hydrological measurements at nuclear installations (NSR-
24), approved by CNCAN Order 361/2004, respectively Norms regarding the calculation of the
dispersion of radioactive effluents discharged into the environment by nuclear installations (NSR-
23), approved by CNCAN Order 360/2004, are the regulatory documents setting out the minimum
requirements for hydrological and meteorological assessments of the dispersion of radioactive
pollutants in the vicinity of nuclear or radiological installations. According to these documents, it
is recommended to use a Gaussian model based on the Canadian standard (CSA1991) and
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which is in accordance with EU practice (implemented in the PC CREAM calculation code) for the
evaluation of dispersion. The model is useful in the case of a flat, horizontal, homogeneous terrain
with few obstacles.
Dispersion factors at a coordinate receptor point (x, y) represent the ratio of the average
radionuclide concentration measured at the receptor (Bq / m?) to the emission rate at the stack
(Bg/s).
The concentration (C) [Bq / m3] of a radioisotope in the air, at a certain distance from the point of
emission, is calculated as follows:
C=KaxQ

where Q is the source emission rate of the respective radioisotope (Bq x s™')

and K is the atmospheric dispersion factor (sx m3).
Currently, in accordance with the methodology approved by the regulatory body for the control of
CNCAN nuclear activities, for the calculation of the Derived Evacuation Limits corresponding to
the operation of Cernavoda NPP, the value of the atmospheric dispersion factor of 5.25 x 107 s/
m?3 was used, the maximum value predicted by the modeling indicated above.
The calculations made with the help of the PC-CREAM code show that, under the specific
conditions of the Cernavoda NPP site, the average dispersion factor for the H-3 radionuclide
reaches a maximum at a distance of less than 500 meters from the ventilation stack, having a
value of 3, 5 x 107 s / m® (when the most unfavorable dispersion parameter set is used).

In the figure 1.4.15.1 the results of the simulation of the atmospheric dispersion of tritium are
presented, in the specific conditions of Cernavoda NPP, using the PC-CREAM 08 program.
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y = 153.99x1.044
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'8
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Figure 1.4.14.1Simulation of atmospheric dispersion of tritium
(*Factor de dispersie= dispersion factor / Distanta= distance)

Other studies performed before this analysis showed that, in terms of tritium dispersion in the
vicinity of the source, numerical simulations with algorithms based on the Gaussian model are
not validated by experimental determinations, they do not meet strict validation criteria
(discrepancy less than 200%, for at least 67% of the compared data sets). However, the values
provided by the model are higher than those calculated from the monitoring data, which makes
their application conservative.

Consequently, through the screening study [3] it is proposed to use the dilution factors obtained
from the data provided by the Radioactive Effluent Monitoring Program and respectively by the
Environmental Radioactivity Monitoring Program of Cernavoda NPP. Empirical values of
dispersion factors also include the background level.
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In table 1.4.14.1 the values of the dispersion factors calculated starting from the monitoring data
from the period 2006-2018 are presented, for the air radioactivity monitoring locations from the
environmental monitoring program from Cernavoda NPP.

Tablel.4.14.1The values of the dispersion factors

Dispersion factor (10° s / m®)

. Distance
Location
(km)
5006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

ADI-12 02| 250| 255 | 577 | 193 | 786 | 582 | 640 | 599 | 565 | 397 | 243 | 207 | 616
ADI-13 05| 115| 271 | 481 | 245 | 711 | 323 | 473 | 666 | 681 | 422 | 163 | 152 | 587
ADI-11 0.8 58 84 | 144 60 | 304 78 | 164 | 146 | 146 | 126 | 77.5| 386 | 176
ADI-05 15 57 81 95 73| 130 77 | 148 82| 117 | 123 37 28 | 145
ADI-06 15 24 42 47 35 91 39 36| - - - - - -
ADI-08 25 25 77 93 65 | 180 45| 148 | 124 | 116 72 29 25| 111
ADI-09 8 18 46 25 21 74 21 40 20 35 21 11 7 43
ADI-04 10 21 17 20 18 83 34 26 21 28 16 8 10 43
ADI-02 10 19 18 37| 2.3 67 39 34 26 52 26 19 19 43
ADI-10 11 9 10 13 8 38 9 65 12 35 10 9 3 18
ADI-07 19 - - - - - - 69 15 21 10 7 5 28
ADI-03 20 - - - - - - 69 30 43 26 19 13 25
ADB-01 25 3 8 16 9 48 19 25 12 22 12 8 4 21

The location of the tritium level monitoring points in the environment is shown in the figure

1.4.14.2.
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A Locatli indicator pentru
monitorizarea aerului

Figure 1.4.14.2 Location of investigation points for tritium concentrations in the air according to
the environmental radiological monitoring program by Cernavoda NPP

In the table 1.4.14.2 the statistical processing of the set of values for the empirical dispersion
factors in the monitoring locations is presented.
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Tablel.4.14.2 Statistical analysis of the set of values for the empirical dispersion factors in the
monitoring locations

Location Distance (km) - Dispersion f(.etctor (10° s/ m3)
Environment Maximum Std. dev.
ADI-12 0.2 455 786 203
ADI-13 0.5 407 711 212
ADI-11 0.8 123 304 71
ADI-05 15 92 148 39
ADI-06 15 45 91 22
ADI-08 2.5 85 180 49
ADI-09 8 29 74 18
ADI-04 10 27 83 19
ADI-02 10 32 67 15
ADI-10 11 18 65 17
ADI-07 19 22 69 22
ADI-03 20 32 69 19
ADB-01 25 16 48 12

From the analysis of the above data it can be seen that the values of the dispersion factor fluctuate
quite strongly over time, but they have never reached values above the level of 5.25 x 10" s/ m?
in locations outside the area of exclusion. For this reason, it is recommended that the use of this
conservative dispersion factor be continued in population exposure assessments (application of
the model for the calculation of derived release limits in the environment).

In the figurel.4.14.3 the variation with distance of the empirical atmospheric dispersion factors is
presented, determined based on the monitoring data from 2006-2018.
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Figure 1.4.14.3 Distance variation of empirical atmospheric dispersion factors, determined
based on the monitoring data from 2006-2018

(*Factor de dispersie= dispersion factor / Distanta= distance)

1.4.15 Noise sources from the project

The noise sources related to the tritium removal installation will be associated with the activities carried
out on the NPP platform and on-site road transport [1].
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The SR 10009-2017 standard stipulates that the permissible limit of the noise level at the limit of the
functional space "Industrial premises and spaces with activities assimilated to industrial activities" is
65 dB (A).

The noise sources on the territory of the plant are located, for the most part, at a distance of at least
20 m from the boundary of the enclosure (the fence that borders the territory of the plant). Forecasted
noise levels are at least 3 dB (A) lower than the 65 dB (A) limit imposed by law.

Noise sources during the construction phase

At this stage, the noise will come from the traffic of heavy vehicles, dump trucks, concrete mixers,
trailers for the on-site transport of heavy machinery, aggregates and various moving components. In
addition to the noise produced by motor vehicles, the noise produced by the running of machinery on
the access roads of the site will be added.

Another source of noise will be the operation of heavy equipment (bulldozers, excavators, compactors)
which will include the noise generated by their engines.

Also, handling the equipment on site, loading and unloading operations will be another source of noise.
Quantification of noise sources in the construction phase
For this stage, there are no details on the elements of the construction equipment that will be used.

Therefore, the quantification of the noise sources at this stage was done based on other similar
projects and is not expected to exceed a sound power level of 120 dB. Based on this assumption, the
noise level resulting from 500 m of construction activities would not exceed 58 dB LAeq.

Noise sources during operation

During the operation phase, the noise sources will be represented by the pumps, agitators and the
ventilation and air conditioning equipment (HVAC) in operation and, where applicable, from Stand-by
Diesel generator groups.

Quantification of operating noise sources

The location of the CTRF is located in an area where the noise level at the enclosure is approximately
55 dB (A).

Due to the equipment included in the CTRF, a contribution of no more than 65 dB LAeq, 1h is
forecast, according to SR 10009: 2017 Acoustics, at the limit of the CNE site.

1.4.17 Methods for estimating the quantities and composition of all identified wastes and
emissions and the uncertainty associated with these estimates

For the construction stage, the estimation of the quantities of waste was made based on the
Conceptual Project of the CTRF.

The estimation of conventional pollutant emissions for the construction stage was done based on
OM (Order) no. 3299/2012 for the approval of the methodology for conducting and reporting
inventories on emissions of pollutants into the air and EMEP / EEA air pollutant emission inventory
guidebook - Publications Office of the European Union, 2013.

For the operation stage, the estimation of the quantities of non-radioactive waste is based on
the flow of materials necessary for the operation phase.

The estimation of conventional pollutant emissions was based on the estimated amount of fuel
required for CTRF raw material transport activities, which was applied to the methodology for
carrying out and reporting the inventories regarding the pollutant emissions mentioned for the
construction stage.

This methodology has also been applied with the appropriate emission factors for estimation of
guantities / volumes of emissions from burning fossil fuels from stationary sources — Stand-by
Diesel generator groups.

The quantities of waste produced during the period of operation can be estimated with a high
degree of confidence, in the case of flows related to the elements of technological installations
(ion exchange resins, molecular sieves, catalysts and filling of isotope exchange columns), while
in the case of secondary flows, such as materials from maintenance operations, maintenance,
interventions in case of failure, it can only be estimated in order of size.
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In estimating the quantities of waste and emissions identified, the data from the Conceptual
Project were used, and methods that took into account the possible uncertainties.

Estimating the amount of radioactive waste, for the operation stage, was made based on the
necessary elements of the technological installations (ion exchange resins, molecular sieves,
catalysts and packing of isotope exchange columns) (according to tablel.4.3.2). For the
decommissioning stage, the quantities and categories of materials to be classified as radioactive
waste have been estimated taking into account the structures and installations which, during the
planned operating period, are to come into contact with radioactive fluids (according to Table
1.4.4.2), according to the CTRF Conceptual Decommissioning Plan.

To estimate the quantities and composition of waste and effluents generated in the
implementation stages of the CTRF project, the radioactive inventory of the installation was used
as basic information, being calculated by the designer, based on the technical and functional
characteristics of the installation, in conditions of operation while respecting the maximum activity
concentration of 54 Ci / kg for tritium in heavy water supply. Information was used on the amount
of waste and radioactive emissions from similar installations with experience in operation (WTRF
and DTRF), in relation to the heavy water processing capacity specific to the installation.
Conservatively, the projected quantities for CTRF operation have been estimated, with consistent
application of good practice in the field.

Also, as regards the quantities and types of radioactive waste produced during the
decommissioning stage, they shall be assessed within the decommissioning plan, which shall be
updated every five years during the authorized period of operation of the installation. The
decommissioning of the installation will be carried out under the conditions established by the
corresponding authorizations, and the specific activities will start only after obtaining the
necessary agreements / approvals, which include the environmental agreement (following its
specific assessment procedure).

With regard to radioactive contamination of waste and effluents generated during the construction
phase, it has been shown in the previous subchapters that the activities at this stage are not
associated with the use of radioactive sources or materials. For the CTRF operation and
decommissioning stages, the composition of radionuclides and the level of radioactive
contamination of effluents and wastes are determined by the radionuclide composition of the
heavy water fed to the CTRF. As the plant will be supplied by an ion exchange purification system
[1], the radionuclide inventory in the plant, at the time of decommissioning, will consist
preponderantly of tritium adsorbed on the surfaces of the plant's technological components [4].

2. DESCRIPTION OF FEASIBLE ALTERNATIVES

In accordance with the requirements of Law no. 292/2018 on the assessment of the impact of
certain public and private projects on the environment and the Guide no. DEICP / 8885 of
10.09.2020 issued by the Ministry of Environment, Waters and Forests, this chapter presents the
evaluation of the “Zero” alternative and the project alternatives (on-site and off-site), as well as
the evaluation of the main options identified for the development of the CTRF project, namely:

¢ the location of the tritium removal installation in the perimeter of Cernavoda NPP; and

e heavy water tritium removal technology options.

CTRF was sized from the initial phases of the design to the current capacity in order to process
40 kg / h of tritiated heavy water. The installation works in stages, this capacity allows the
treatment of tritiated heavy water from a unit, in a single stage. Once the stage is over, the
treatment of the tritiated heavy water from the other unit starts. Thus, no alternative variants of
CTRF capacity were studied.

The analysis of alternatives is performed in the following subchapters, based on the information
from the Pre-Feasibility and Feasibility Studies, as well as other specialized studies, which were
the basis for the analysis of the alternatives presented above. The potential environmental impact
associated with the selected alternatives, as well as the prevention / mitigation measures planned
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accordingly for each project alternative are identified in the tables with the impact forms presented
for each analyzed alternative.

2.1 Identifying alternatives
2.1.1 “Zero” Alternative

The “Zero” or “no action” alternative is presented as a benchmark against which the other CTRF
project alternatives are compared. According to this Zero alternative, the project would not be
carried out in any form.

In case of continuing the operation of the Ul and U2 units within the Cernavoda NPP without the
implementation of the CTRF project, practically no changes will be made in the current
configuration of the units, the operation will continue according to the valid authorizations and
according to the procedures in force [2].

With the “no action” alternative, there are possible difficulties arising in treating heavy tritiated
water as radioactive waste at the Cernavoda NPP site [2].

Additionally, from a radiological point of view, the operation of the units without CTRF would lead
to increases in environmental emissions, staff doses and production losses due to possible delays
while the units are shut down and maintenance procedures are performed due to the high tritium
content that requires appropriate radiological protection measures [2].

If Cernavoda NPP, with U1 in operation since 1996 and U2 since 2007, will not apply the process
of Tritium removal to the tritiated heavy water, dose rates in the spaces of nuclear systems will
increase and the values of tritium in heavy water in the circuits of nuclear systems will reach
maximums of 80-90 Ci / kg, with effects on radiation fields and the dose received by staff and the
local population [1].

Thus, in the absence of detritiation, the process fluid (heavy water) from the nuclear systems will
have high levels of tritium, which will render it difficult for staff to implement preventive and
predictive maintenance and will lead to the increase of the dose received by Cernavoda NPP
staff.

Also, in the absence of detritiation, the emissions of tritium, respectively the concentration of
tritium in solid radioactive waste, although they will remain well below the regulated limits, will be
at higher values as a result of reaching the steady state in the reactor systems U1 and U2 [1].

2.1.2 Alternative 1: Detritiation at the CANDU nuclear power plant site (on-site)

The construction of the heavy water tritium removal installation at Cernavoda NPP aims to reduce
the tritium inventory in the moderator circuits and the primary Heat Transport System from the
two CANDU units of the plant. The need to make this investment is presented in both the
Feasibility Study and the CTRF Presentation Memorandum.

From the point of view of the radiological impact on the environment, the implementation of CTRF
is thought of as an investment to reduce the global impact on the environment as a result the
operation of Cernavoda NPP. The CTRF project represents a commitment at the highest level of
Cernavoda NPP to improve environmental performance, as it reduces the occupational exposure
of workers to tritium, has a positive impact on ensuring staff’'s health and safety and reduces
emissions of tritium in effluents, with additional positive impacts on the protection of the population
and the environment.

From the experience of other CANDU power plants and from the observation of the trends
regarding the level of tritium emissions from Cernavoda NPP in the environment, the evolution of
tritium emissions correlates with the inventory of tritium in the systems of the plant containing
heavy water, whose evolution is consistently increasing, reaching a plateau towards the end of
the planned life, for each reactor. For example, Figure 2.1 shows the evolution of tritium activities
emitted into the environment, in the form of liquid effluents, by Cernavoda NPP, throughout the
operation period, since the commissioning of the first unit
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Figure 2.1 The evolution of tritium activities emitted in the environment, in the form of liquid
effluents, by Cernavoda NPP, during the entire period of operation, from the commissioning of

the first unit

Similarly, the evolution of tritium emissions in the form of gaseous effluents, presented graphically
in Figure 2.2, shows the upward trend in the period after the commissioning of each unit, followed
by their capping.

1000

100

10

Activitate (TBq/an)

0,1

Punere in functiune Ul

Punere in functiune U2

——U2

5 U B B B B B

9
An

*(Activitate= activity / Punere in functiune= commissioning)

B N L S A
R O NI

Figure 2.2 The evolution of tritium activities emitted in the environment, in the form of gaseous
effluents, by the two CANDU units of Cernavoda NPP
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If we analyze only the projections of emission levels in the environment, as a result of the
operation of the two units of Cernavoda NPP, until the expiration of their planned life, it can be
concluded that heavy water tritium removal is not absolutely necessary, the derived emission
limits being much higher in relation to the annual, cumulative values of these emissions. However,
other constraints related to the levels of tritium activity concentration in surface waters liquid
effluents are discharged to, as well as considerations related to the exposure of Cernavoda NPP
staff make the implementation of the CTRF project a necessity.

The experience of Cernavoda NPP and other CANDU plants shows that for the plant's staff, the
increase of the received doses can maintain ALARA (As Low As Reasonable Achievable) below
the administrative limit of 14 mSv / year, below the legal limit of 20 mSv / year, by implementing
more detailed preparation of all works, limitation of leaks, access control in areas with radioactive
contamination and extensive use of special protective equipment (plastic suits, respirators, tritium
filter cartridges, etc.).

After the first year of operation of the CTRF installation, with the application of detritiation to
reduce the tritium inventory in the moderator and primary heat transport systems of the two units
of the NPP, a significant and continuous reduction of tritium levels in these systems is expected,
as CTRF will extract tritium from heavy water and will convert it into a stabilized and isolated form
- in line with the overall purpose of the project.

Thus, the implementation and operation of the CTRF installation will limit the contribution to the
doses received by NPP staff through removing tritium from the reactor U1 and U2 systems, and
maintaining a low-level steady-state concentration, respectively 10 Ci/ kg in the moderator and
below 2-2.5 Ci /kg in the primary heat transport system [1].

Against this alternative 1, 3 technological variants and 2 CTRF location variants were analyzed.
The choice of the optimal location was based on the analysis of the advantages and
disadvantages of several technologies and locations taken into consideration.

2.1.2.1 Technological options for the Cernavoda NPP tritium removal facility (CTRF)

From the analysis performed on the technologies available for the implementation of the
Cernavoda NPP tritium removal installation, the following options were identified in the Pre-
feasibility Study prepared for the Project [1]:

e Solution 1 - CECE - CD (Combined Electrolysis and Catalytic Exchange - Cryogenic

Distillation)
The CECE-CD solution is based on the transfer of tritium from water to the gaseous phase by a
combined electrolysis process — isotopic catalysed exchange (thereby increasing the

concentration of tritium in heavy water) followed by a final tritium concentration through cryogenic
distillation and its safe storage (metal hydride).

e Solution 2 - DE - CD (Direct Electrolysis - Cryogenic Distillation)

The DE-CD solution consists of tritium transfer to the gaseous phase by the electrolytic
dissociation of the tritiated heavy water, followed by a final tritium concentration through cryogenic
distillation and its safe storage (metal hydride).

e Solution 3 - LPCE - CD (Liquid Phase Catalytic Exchange - Cryogenic Distillation)

The LPCE-CD solution is based on the tritium transfer from water to gas phase through a
catalysed isotope exchange process followed by a final tritium concentration through cryogenic
distillation and its safe storage (metal hydride).

Evaluation of technological alternatives

The first two technological solutions raise major implementation problems, as well as very high
operating costs, which is why they have not been implemented anywhere in the world on an
industrial scale [2].

The third solution has been implemented in Wolsong, South Korea and provides the necessary
tritium removal services for the 4 CANDU 6 units there. An initial version of this solution, VPCE-
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CD (Vapor Phase Catalytic Exchange), in which the transfer of tritium is done with heavy water
in gaseous form (vapor), was implemented in Canada, in Darlington [2].
Based on criteria that took into account [1]:

- the minimum risk for the staff and the environment, associated with the tritium extraction
technology;

- the corresponding size of the main components in relation to the location of the
installation,

- the necessary process subsystems and the corresponding size in terms of complexity,
operability and maintenance;

- Minimal D20 and tritium inventories and storage of tritium, operation and maintenance
specific safety issues;

- Utilities and optimal operating costs;

- authorization requirements for the technological solution;

- the estimated cost of the investment;

- Potential contractors for services and materials availability in Romania and operational
requirements.

The decision was made to implement the LPCE - CD (Solution 3) based technology
developed at ICSI Rm. Valcea within the Pilot Installation and for which there is operational
experience (OPEX) at the Wolsong tritium removal facility (WTRF) in Korea.

The implementation of CTRF allows a significant reduction of the total inventory of tritium
(radioactive isotope of hydrogen) from the CANDU type Nuclear Power Plant, with a positive
impact for:

¢ reducing the level of risks of generating radioactive effluents and tritium emissions in the
environment, risks associated with the transport of a large amount of heavy water with
high concentration of tritium through the nuclear systems of the plant;

e minimizing the tritium concentrations in radioactive waste generated within the nuclear
systems that use heavy water at Cernavoda NPP - Unit 1 and Unit 2.

The operation of the CTRF will reduce the tritium concentration from 80-90 Ci / kg to about 10 Ci
/ kg for the Moderator System and from approx. 2-2.5 Ci / kg, to under 2 Ci / kg, for the Primary
Heat Transport System. This translates into a gradual reduction, to almost an order of magnitude
lower, of the tritium inventory in the plant's facilities and, implicitly, a reduction in the tritium
emissions from the liquid and gaseous effluents produced on site.

Given that a similar tritium removal project implemented at the Wolsong - South Korea nuclear
power plant has been reported to reduce the total atmospheric tritium emissions of the units after
the WTRF tritium removal facility came into operation, as well as the fact that potentially
contaminated wastewater from the technological area of the CTRF will not be discharged directly
into the environment, it can be appreciated that the normal operation of the CTRF, integrated into
the normal operation of Units 1 and 2 of Cernavoda NPP, provides a measure to improve the
protection of aquatic and terrestrial ecosystems as a result of the operation of the Cernavoda
NPP platform. Additionally, based on the operational experience of other similar installations, it is
estimated that by applying the tritium removal of heavy water from the active systems of the plant,
a reduction in the exposure of personnel and the population will be obtained in the area of
influence of the plant. Thus, from the first year of operation, a reduction of up to 20% in tritium
emissions from the NPP site is expected, followed by a corresponding decrease in the radiological
impact on the environment and the population.

2.1.2.2 Layout / areas options on the site of the nuclear power plant

Tritium removal on the site of the CANDU nuclear power plant (on-site) has two location variants
within the Cernavoda NPP.

In order to optimize the location, two location variants for locating the CTRF on the Cernavoda
NPP platform were successively considered, as follows:

e Location Variant 1: Location in the area between units U1 and U2 - the area between the
physical protection fence and the road in the vicinity of the DO reconcentration tower and
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the high-pressure level building for the cooling of the active area related to Unit 1 (Annex
3);

e Location Variant 2: Location on the land located at approx. 200 m East of the U1 reactor
- bounded by the slope to the Saligny hill and the main road inside the NPP which allows
access from the PCA1 gate to the Water Treatment Plant (STA), the Thermal Start-up
Plant (CTP) and leads to the DIDSR. On one side it is partially bordered by a concrete
wall which has the role of explosion protection (Annex 4).

In the first phase of the project (between 2009-2010), for mainly economic reasons, namely the
need for a maximum proximity of U1 and U2, to shorten the heavy water routes between CTRF
and Units, the first option analyzed for the location of CTRF was its location between Ul and U2,
respectively at 11 m from Ul and at 36 m from U2. The aim was also to minimize the potential
impact on the environment and the population that could be caused by the accidental rupture of
heavy water pipes and the spread of radioactive heavy water in the environment.

This location variant was re-analyzed in 2011 based on safety criteria and the hypothesis of an
explosion of the hydrogen inventory of the tritium removal facility was analyzed. Early analysis
showed that the key factor in managing CTRF's nuclear safety is not tritium but the potential
explosion of hydrogen.

Thus, numerous simulations were performed in the CTRF Evaluation of Design Options for
Hydrogen Safety (KI CTRF-00084-0) [11]. The study showed that a possible explosion of the
hydrogen inventory produced at the location variant 1 CTRF site would lead to a major impact on
Ul and U2, resulting in potentially significant radioactive emissions.

The study CTRF Evaluation of Design Options for Hydrogen Safety (KI CTRF-00084-0) analyzed
many technical options before deciding to move the CTRF, amongst these options studied were
technological, design and construction alternatives for the building.

Thus, through the project, measures were taken for minimizing potential hydrogen releases
(double / vacuum enclosures, installation of passive recombiners, installation of double isolation
valves, passive ventilation system in case of emergency, earthquake classification, etc.) by
simulating conditions that may lead to explosions / fire. All these measures are incorporated into
the current project.

The design of the CTRF building as an isolation structure was also simulated. This was
considered based on the decision to design the CTRF building as a large concrete structure with
the capacity to insulate the CTRF installation. The analysis concluded that this would make the
installation of equipment and the operation of the installation very difficult.

These considerations regarding location variations led to the conclusion that the only acceptable
risk-reducing option is to move the CTRF location to more than 100 m from Ul and U2.

The simulations performed for the assessment of radiological risks in accident situations at CTRF
showed that by placing the CTRF at a distance of more than 100 m from the two nuclear power
units of NPP, the maximum effective dose for the personnel of these units decreases by at least
one order of magnitude compared to that which would be achieved in the conditions of the location
in their vicinity (less than 50 m, as set out in location variant 1) [99]. As for Cernavoda NPP, the
operating activities involve the presence of a large number of people in the buildings of the two
units, the collective dose in the event of an accident at CTRF is significantly reduced in the case
of the location variant 2.

Thus, the current location (location variant 2) of the CTRF installation was selected in 2011,
following the evaluation carried out by the "Technical study for assessing the location of the
Cernavoda NPP tritium removal facility on the site of the former hydrogen production station and
preliminary analysis on the danger of a potential explosion on neighborhoods" [16].

This study made a qualitative assessment of the current site in terms of potential hazards caused
by site characteristics, external events due to human activities in the area of influence of the plant,
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natural phenomena, potential effects of the plant on the installation and the effects of CTRF on
the Cernavoda NPP.

The potential radiological impact in the normal state of operation and accident conditions on the
plant's operating personnel and on the population were considered in the light of the measures
provided in the plant's emergency plans. Detailed analyses were also performed on the effects of
a potential hydrogen inventory explosion of the CTRF installation on the Cernavoda NPP. Among
other things, the analysis showed that the concrete explosion protection wall aims to mitigate the
shock wave caused by a potential explosion by reducing the impact on the CTRF neighborhoods.

The environmental assessment of the two variants shows that there are no significant differences
between the two location variants, in terms of potential impact on the environment, according to
the brief presentation in Table 2.1.2.1.

Table 2.1.2.1. The impact of the location variants for the tritium removal installation in the
premises of Cernavoda NPP, on the environmental factors possible to be affected

Environmental Location Variants Comments

issues

The technical

Variant 1- Tritium

Variant 2 - Tritium

designed for both
locations:

In the operation
phase, the
installation is
connected to the
water supply and
sewerage system
of Cernavoda
NPP.

On the routes of
heavy water and
radioactive liquid
waste between
CTRF and U1/
U2, safety
measures are
provided against

are connected to
the related
subsystems
between U1 and
U2 of NPP.

The routes of
heavy water and
radioactive liquid
waste between
CTRFand U1/ U2
would have been
located in a pit,
and would be

are connected to
the subsystems
related to Ul
coming from the
STA (Water
Treatment Plant).

The routes of
heavy water and
radioactive liquid
waste between
CTRF and U1/ U2
will be mainly aerial
on existing / new
and significantly
longer trestle /

solution removal on the removal on the site
site of the CANDU of the CANDU
nuclear power nuclear power plant
plant (on-site), (on-site), current
location between project location
reactors Ul and
u2
Water quality The same The CTRF water The water supply The connections of
technical solution | supply and and sewerage the water supply
has been sewerage systems | systems of CTRF and sewerage

system of CTRF to
those of NPP are
equivalent, without
significant
differences with
regard to
environment.

The higher
probability of
breaking the lines
of heavy water and
radioactive liquid
waste from CTRF
toUl/U2,in
Alternative 2, due to

the technical
solution is the

phase, the works
being very close to

being at approx.
100 m from U1, the

accidental spills shorter supports. longer routes, is
(concrete insignificant
platforms, pipe-in- (according to
pipe system, leak accident studies)
detection sensor, given the DBE
etc.). qualification of the
routes / supports.
Air quality According to the During the In the construction | In the construction
analyzed studies, | construction phase the works phase the

differences are
relatively minor with
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same for both
locations.

Some forms of
impact on air
quality may occur
during the
construction
phase, but
measures will be
taken to ensure
that emissions are
within legal limits.
Short-term
emissions from
construction
activities (dust,
gas emissions)
are expected
during the testing
periods of diesel
generators, but
these will be
maintained within
the legal limits of
protection of
human health and
the environment.

During the
operation phase,
emissions from

Ul/ U2, the
interferences with
the exploitation
activity will be
more pronounced
(traffic, visual
impact, noise,
emissions of
polluting gases
from equipment,
etc.).

During the
operation phase,
the stack being
positioned
between the tall
buildings of U1
and U2 may have
needed to be

interferences with
the exploitation
activity are
significantly lower.

The analysis
carried out so far
indicates that the
current solution

regard to the
environment and in
any case, they are
to the advantage of
Option 2.

For the operation

designed for both
locations:

A potentially
negative impact
may occur during
the construction
phase due to the
excavation
activities required
for the
construction of the

excavations will be
carried out for the
foundation and
basements of the
CTREF building, as
well as on the
route of the
underground pipes
used for the
transport of heavy
water, liquid
radioactive waste

carried out for the
foundation and
basements of the
CTRF building, as
well as on the route
of the buried pipes
used to connect to
utilities.

The pipelines used
to transport heavy
water and liquid

. higher (which with a 50 m phase, the
the CTRF's stack | yo|d have ventilation stack is | differences
are generated in | 5yracted higher acceptable. between the
the medium and costs) for better Alternatives are
long term, but dispersion in the minor, Alternative 2
these will be kept | oironment. having the
within the limits of | Aqgitional leakage advantage of a
employee safety, | 5naiysis related to better effluent
human health and | Hoggiple dispersion, in the
environment interference or conditions of
safety. accumulation with maintaining the
U1/ U2 emissions height of the
would have been discharge stack,
required. according to the
current project.
Soil / subsaoill The same During the During the CTRF connections
technical solution | construction construction phase, | to NPP utilities are
has been phase, excavations will be | equivalent, with no

significant
differences. Also,
the footprint of the
CTRF building and
the depth of the
foundations are the
same in both
variants.

Alternative 2 has
the advantage that
the soil is affected
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CTRF building
and adjacent
facilities (trestle
pillars, adjacent
concrete
platforms, utility

During the
operation phase,
ensuring
maintenance and
intervention in an

connections, etc.).

accident situation.

and connection to
utilities.

During the
construction
period, it would
have been
necessary to
relocate the
nitrogen tank and
the related
concrete
platforms.

Interventions
require uncovering
the ground to gain
access to
pipelines with a
potential impact
on the ground.

In the event of an
accident, the
potential impact
on the ground is
also represented
by potential
additional
excavations
needed to remove
or restore the
heavy traffic road
between the units.

radioactive waste
will be suspended,
the surface of the
ground being
affected by the
footprint of the
base of the new
trestle support
pillars, which will be
connected to the
existing trestle.

The intervention
will be made on the
above-ground
pipes without
potential impact on
the soil.

on a smaller
surface (the
footprint of the base
of the pillars) to
make the
connections of the
pipes for
transporting heavy
water and liquid
radioactive waste.

Also, in the period

of operation in the

case of alternative
2, there will be no

potential impact on
the soil.

Following the evaluation of the two location variants, it was observed that the other environmental

factors were not affected.

It was decided to adopt location variant 2 for implementing the project "Construction works for the
heavy water Tritium removal plant - Cernavoda NPP". The tritium removal facility location at
Cernavoda NPP is therefore proposed for the land located 200 m east of the U1 reactor, this
location results in the reduction of the danger to nuclear safety systems, equipment and
components of nuclear units U1 and U2 by increasing the distance and layout in relation to them.

In conclusion, the current on-site, location and technology alternative has the following

advantages and disadvantages:
Benefits:

- Uses existing facilities for U1 and U2 related to utilities (electricity, heat, water supply,
sewerage, rainwater, water supply system for extinguishing fire), physical protection
system, short distance connection to STA for technological cooling water supply;

- Uses facilities for draining potentially radioactively contaminated water into existing

systems;

- Compared to the off-site alternative, the on-site alternative ensures the continuous
treatment of tritiated heavy water from the plant systems and avoids its storage;
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- CTRF will contribute to the reduction of the quantity of radioactive waste (tritiated heavy
water), thus reducing the quantities of radioactive waste resulting from the operation and,
subsequently, the decommissioning of Ul and U2;

- Reducing emissions to the environment by reducing the amount of tritium in heavy water
used by Ul and U2.

Radiation protection is provided by the application of a tritium leakage management system,
integrated with the on-site emission management system. The facility and arrangement measures
in the Project ensure the isolation of the danger of leaks and the control of the actual
contamination in case of leaks and include the following [1, 11]:

« A secondary coating for equipment such as:
= Double walls for tritiated heavy water transfer pipes from Unit 1 and Unit 2
to the CTRF building;
= Use of ,glove-box” spaces to control tritium leaks;
= Cold box” secondary coating of cryogenic distillation columns;
« Atmospheric detritiation system (ADS) that recovers tritiated heavy water vapor
from heavy water leaks;
« Installation of deep drain trays, which are positioned to collect and retain tritium
leaks;
« Contamination control by keeping tritium concentrations in the air below 0.4 MBq
/ m¥in the accessible areas;
* A radiological zoning of the CTRF building: the spaces inside and on the CTRF
site will be zoned according to the specific criteria established by CNCAN (Art. 93-
99 of the Rules on basic radiological safety requirements, approved by Order of
the Minister of Health, of the Minister of National Education and of the President
of National Commission for Nuclear Activities Control No. 752/ 3.978 / 136/2018)
and Cernavoda NPP procedures (RD-01364-RP009);
» Equipment for staff radiological protection.
- The related personnel will be monitored dosimetrically and will benefit from appropriate
protection and / or radiation protection equipment, as appropriate [5].
- The installation is directly connected to the U1 and U2 systems, as there are no transport
costs and environmental risks associated with it.
- The risks of accidents are reduced, considering the qualified staff of Cernavoda NPP and
its emergency procedures.

Disadvantages:

- The disadvantage of adopting the on-site location variant lies in the need to adopt special
measures for the organization of CTRF execution works in the vicinity of the Ul / U2
nuclear units, in operation, due to the special regime of personnel and equipment access
to the site.

2.1.3 Alternative 2: Tritium removal in other off-site facilities

This option involves extracting a large amount (hundreds of tons) of tritiated heavy water from the
reactor systems (moderator and PHT) and transporting it to an existing tritium removal unit (Korea
or Canada). The extracted heavy water will be replaced, in the first stage, with virgin heavy water,
and in the following stages, it will be replaced with detritiated heavy water at other detritiation
installations, such as those existing in Korea or Canada. These operations of handling and
transporting heavy water with high tritium contamination outside the NPP site are associated with
significant risks of environmental pollution and exposure of the population, in the event of an event
with massive release of radioactive material.

Benefits:

- avoiding the contribution that the individual doses that would be received by the
operators of the on-site tritium removal unit would bring to the collective dose of the plant;
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- avoiding the production of new quantities of radioactive waste in addition to those already
existing on site.

Disadvantages:

Due to the fact that there are few detritiation installations currently worldwide, it is expected that
the price of this service will be very high, and in the event that this activity could be carried out, a
number of other difficulties may arise, such as:
- potentially significant negative environmental impact due to the movement of large
amounts of radioactive material outside the NPP site (hundreds of tons of tritiated

heavy water with tritium activity that can exceed 54 Ci / kg). This negative impact will

be manifested both on the environment and on the staff and the population, as a result

of possible transport events.

- Replacing the large amount of tritiated heavy water removed for treatment, with an
eqguivalent amount of virgin heavy water, consequently, a considerable increase in the

demand for heavy water per unit, and associated costs.

- the occurrence of problems related to the need to store large quantities of heavy
tritiated heavy water in order to prepare for transport.

In conclusion, alternative 2 could have a potentially significant negative environmental impact, as
shown above, primarily affecting the population and the environment.

The potential impact on the compared environment of the 3 alternatives - zero, on-site and off-
site is summarized in Table 2.1.3.1.

Table 2.1.3.1 The potential impact on the comparative environment of the 3 alternatives - zero,
on-site and off-site

Environmental
issues

Alternatives

Alternative O - No
Action

Alternative 1 - Tritium
removal at Cernavoda
nuclear power plant site (on-
site)

Alternative 2 - Tritium
removal in other off-site
installations.

Water quality

Potential impact due to
liquid radioactive
emissions.

From a radiological point of
view, the installation has a
positive impact by reducing
the tritium emissions
resulting from the operation
of the plant.

From a radiological point of
view, the installation has a
positive impact for the
Cernavoda NPP site, due to
the reduction of tritium
emissions.

The off-site alternative can

have a potentially negative

impact on water quality due
to possible accidental spills
during transport.

Air quality

Potential impact due to
gaseous radioactive
emissions.

Positive impact by reducing
tritium emissions from plant
operation.

From a radiological point of
view, the installation has a
positive impact for the
Cernavoda NPP site, due to
the reduction of tritium
emissions.

Potential negative impact
caused by possible
accidental spillage (heavy
tritiated water) during
transport.

The off-site alternative can
have a potential negative
impact on air quality through
emissions from fuel
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consumption during
transportation operations.

does not change.

the implementation of
protection measures in the
construction phase.

During the operation phase,
the project introduces new
sources of noise (inside the
CTREF building), but these will
not exceed the legal limit for
the industrial area and thus
there will be no impact
associated with noise
sources.

Soil / subsoil Potential impact caused | No significant direct impact Potential negative impact
by tritium inventory. during CTRF operation, the caused by possible

installation being located on accidental spillage (heavy

the NPP site. tritiated water) during
transport.

Radiologically positive impact | Potential negative impact of

by reducing tritium inventory. | the off-site alternative due to
accidental spillage during
loading / unloading, transport
and storage of radioactive
waste.

Biodiversity Potential impact of Positive impact by reducing Potential negative impact
liquid and gaseous the dose to aquatic and caused by possible
radioactive emissions. terrestrial organisms. accidental spillage (heavy

tritiated water) during
transport.

Potential negative impact of
the off-site alternative due to
the consequences of
accidental spillage during
loading / unloading, transport
and storage of radioactive
waste.

Landscape The current state of the | Insignificant impact, the The current state of the
landscape does not CTREF building and the landscape does not change.
change. ventilation stack will not

determine a visual impact,
since they are included in the
industrial area of Cernavoda
NPP.
Noise The current noise level Insignificant impact, due to The current noise level does

not change.

The population

Loss of local job
opportunities and loss
of support for the
development of modern
facilities.

Positive radiological impact,
by carrying out the CTRF
installation, the doses
collected by the population
will be reduced as a
consequence of the
reduction of tritium emissions
from the site.

Creating jobs for the local
population.

Potential negative impact
associated with the risk of
tritium being released into
the environment as a result
of a transport accident.

The off-site alternative leads
to the loss of local job
opportunities, loss of support
for the development of
modern facilities, high costs
of transport, treatment and
conservation of heavy
tritiated water.
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Health of NPP The current state of Positive radiological impact. Positive impact by reducing
employees exposure of NPP effective doses.
personnel does not Tritium removal from heavy
change. water will lead to a reduction | Tritium removal from heavy
in individual effective doses water will lead to a reduction
for operating personnel. in individual effective doses

for operating personnel.

Cultural It does not affect the It does not affect the cultural | It does not affect the cultural
heritage cultural heritage, the heritage, the activity of the heritage, the activities taking
activity of the NPP NPP being carried out on an | place on an industrial
being carried out on an industrial platform. platform.

industrial platform.

From the point of view of the radiological impact on the environment, the evaluation of the
alternatives must be made by reference to alternative 0 (failure to carry out the project). From this
point of view, as the CTRF operation is complementary to the authorized practice for the
Cernavoda NPP platform (electricity generation by nuclear means), the implementation of any of
alternatives 1 and 2 will have a positive impact on the environment, by reducing the concentration
levels of tritium in the moderator system and in the primary heat transport system from the two
NPP units. The immediate consequence will be a reduction in overall tritium emissions from the
site and thus a reduction in the activity concentrations of this radionuclide in the affected
environmental factors. The assessment of the radiological impact on the environment associated
exclusively with the operation of the CTRF showed that it is negligible, in relation to the impact
due to the operation of the plant, the planned radioactive emissions of the CTRF (tritium) NPP,
while the effect of the application of the tritium removal process will lead, from the first year, to a
reduction of more than 10% of the global tritium emissions of the plant. However, Alternative 2
involves high implementation costs, as off-site tritium removal facilities that can provide these
services are located at great distances from the NPP (Korea, Canada). Moreover, international
shipments of radioactive materials are difficult to authorize (high costs, long time), and during
transport to off-site installations, accidental leaks of heavy tritiated water may occur, causing
significant deterioration in the quality of the environment.

No residual impact was identified for the three analyzed alternatives, zero, on-site and off-site
alternative. However, it can be seen that in the case of the zero alternative, there are long-term
risks associated with the accumulation of tritium in the systems (moderator and PHT) of the plant.

Thus, based on all these analyses, the CTRF alternative located in the perimeter of the
Cernavoda NPP, current location and technology, was selected. The potential impact of this
alternative is discussed in detail in the following chapters of this report.

3. DESCRIPTION OF THE RELEVANT ASPECTS OF THE CURRENT STATE OF THE
ENVIRONMENT

Cernavoda Nuclear Power Plant is located in Constanta County approx. 2 km southeast of the
border of Cernavoda and approx. 1.5 km northeast of the first lock of the Danube-Black Sea
navigable canal, on the land of the limestone quarry "llie Barza". The plant is located in the area
of the platform resulting from the excavations from the quarry, on a filling with general size of +
16.00 md MB.

The site is bordered in the north-northeast area by Valea Cigsmelei and in the southwest area by
DJ 223 and the Saligny - Cernavoda - city railway line. To the southwest, the site is bordered by
DN 22C and the secondary access railway line in the industrial and port area of Cernavoda.

The land inside the Cernavoda NPP, on which the CTRF project will be built, is located in the
fixed front of the plant and is limited by the slope towards Saligny Hill and the main road inside
the NPP - which allows access from the PCAL1 gate to the Water Treatment Plant (STA), and the
Thermal Start-up Plant (CTP), and leads to DIDSR. On one side it is partially bordered by a
concrete wall which has an anti-explosion role [1].

=
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Currently, the project site is represented by a small plot of land, which is covered with mowed
grass and limited by the concrete platforms of Cernavoda NPP. The site is surrounded by the
components and facilities of the Cernavoda NPP (Figure 3.1.1).

e
&
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Figure 3.1.1 CTRF project location

Depending on the use of land in the location area at macro level, the dominant areas are mostly
arable land arranged for irrigation, but large areas also have pastures, vineyards and some
orchards [15].

The arable lands are located in the NE, ENE, E and SE part of the territory. The viticultural areas
are spread around the localities of Cernavoda, Cochirleni, Rasova, Aliman, Medgidia, Mircea-
Voda, Tortomanu. Most of the orchard areas are east of Cernavoda, in the Mircea-Voda and
Medgidia areas. Cereals (corn, wheat), oil plants (sunflower) and fodder plants occupy most of
the arable land [15].

In the area with a radius of 30 km around the plant, the Danube River along with the Borcea arm,
lakes, ponds, pools ensure optimal conditions for industrial and sport fishing [15].

3.1 The water environment factor
3.1.1 Surface waters

In the area of the site, surface waters include 4 watercourses:

» Danube river;

» Danube-Black Sea Canal;

» Valea Cigmelei; and

» Valea Viteilor.
From the positioning point of view, the Cernavoda NPP site is located approx. 4 km southeast of
the Danube River and approx. 1.3 km northwest of lock no. 1 of the Danube-Black Sea navigable
canal. To the northeast, the site is bordered by Valea Cismelei, and to the southeast by the
derivation canal of the Danube- Black Sea navigable canal [15].
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Danube river is a branched riverbed from km 374.8 to km 240. From the main riverbed the
Borcea branch separates to the left at 370.8 km, and Bala branch at 345 km.

In the downstream part of the Danube branch between the ramification of the Bala branch at 345
km and the confluence with the Borcea branch at 240 km, the derivation of the Danube-Black
Sea canal is located at 299 km on the right bank on the route of which, at approx. 3 km from the
Danube branch, the cooling water adduction canal at Cernavoda NPP branches off on the left.
The meadow sector unfolds like a circular arch, on a length of 100 km, with a width of 5 - 6 km
in the southern part which increases up to 15 km between Fetesti and Cernavoda, narrowing
again towards Vadu Oii (Figure 3.1.1.1).

a

Figure 3.1.1.1 The Danube River in the area of the Cernavoda NPP site
Source: Final Safety Analysis Report for CNCAN, 2020

Danube Black Sea Canal has a length of 64432 + 29000 m and is a river navigation artery that
crosses Dobrogea between Cernavoda and the port of Constanta - Agigea, respectively Midia

WS A




ENVIRONMENTAL IMPACT ASSESSSMENT REPORT - "Construction work for the Heavy Water Tritium Removal Facility"
Beneficiary: NUCLEARELECTRICA S.A. National Society, through the Cernavoda NPP Branch
Developer: "Danube Delta" National Institute for Research and Development Tulcea

Navodari. It consists of three ponds, separated by the locks from Cernavoda, Agigea, Midia
Navodari, namely:

> Pond | with a length of about 4.1 km, between the Danube and the Cernavoda lock
(upstream). In the area of the Cernavoda lock, the bypass canal which connects Pond 1 and Pond
2 by bypassing around the lock;

> Pond Il with a length of about 58 + 29 km, between the Cernavoda lock
(downstream) and the Agigea / Midia Navodari lock (upstream);

> Pond Ill with a length of about 1.5 km, between the Agigea lock (downstream) and
Midia Navodari and the Black Sea.

The connection point of Poarta Alba - Midia Navodari canal is located at kilometer 35 + 332 km
(29 + 100).

Pond | of the Danube-Black Sea Canal, 4.1 km long, is positioned between the Danube river and
the Cernavoda hydrotechnical node. The cross section is trapezoidal with slope inclinations
between 1: 2 and 1: 4.5. The bottom of the canal is located at elevation -1.50 mrMB. The width
of the canal at the bottom is variable, with values between 70 m and 160 m.

At 2 + 864 km (61 + 568) begins the connection area with the bypass canal that goes around the
Cernavoda hydrotechnical node, called the bypass canal. In the Cernavoda NPP area, the 340
m long adduction canal starts from the bypass canal with a trapezoidal section with a bottom width
of at least 35 m and a 1: 5 slope inclination, located between the CF and DN 22 bridges and the
pumping station of the Nuclear Power Plant.

Pond Il of CDMN has a length of about 58 km located between the locks of Cernavoda and
Agigea. Throughout the bypass, the bottom of the canal is located at +0.50 mrMB. The cross
section is trapezoidal with slope inclinations between 1: 0.2 and 1: 4.5. The width of the canal at
the bottom is variable, with values between 70 m and 141 m.

Pond 11l of the CDMN is 1.5 km long and connects the Agigea lock to the Black Sea. The bottom
of the Pond is located at - 7.50 mdMB. The cross section is trapezoidal with a bottom width of 150
m [15].

The Poarta Alba-Midia Navodari canal connects with the second Pond of the CDMN at 35 + 332
km (29 + 100). It has a length of approx. 26 km and consists of two Ponds:

»  Pond | with a length of 15230 m is between CDMN and Ovidiu lock. The bottom of
the canal is located at 1.50 mdMB. The cross section is trapezoidal with a width between 35 and
57 meters at the bottom and a slope of 1: 4 and 1: 0.2. The normal operating level is at 7.50
mdMB;

»  Pond Il with a length of 9.940 meters starts from the Ovidiu lock, passes by the
Siutghiol and Tasaul lakes and ends at the Midia Navodari lock. The bottom of the channel is
located at a height of -2,00 mdMB. The cross section is trapezoidal with a width between 35 and
57 meters at the bottom and a slope of 1: 0.2 and 1: 4. The normal operating level is 4.00 mdMB.

In the area of the Cernavoda lock a bypass canal (bypass of the lock) is built, which has a dam
and a pumping station at the downstream end, a canal that is part of the Pond | of the CDMN.

The waterflows necessary for the cold water supply of the NPP, irrigations, drinking water supply
of the city of Constanta and locks (navigation) are transported through Pond | and through the
bypass canal.

The maximum flow of water transported on the canal for navigation, irrigation and water supply is
225 m?® / s, and the maximum flow of water supply of Cernavoda NPP is 53.8 m® / s per unit
operating at rated power.

The normal level of 7.50 mdMB in Pond Il is maintained by the dam and the pumping station on
the derivation canal by closing / opening the dam. Alternatively, the pond can be maintained by
pumping the excess through the Agigea micro hydropower plant [15] as the water levels in the
Danube are higher or lower than the quota of 7.50 mdMB.
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Valea Cismelei borders the Cernavoda NPP location on the northeast and west sides. The
characteristic flows on this valley with torrential regime can be up to 458 m®/ s.

The flow of 458 m? / s from the entire reception basin with the assurance of 0.01% is evacuated
in Pond | of the navigable canal, upstream of the power plant (in the area separating the derivation
canal from the navigable canal, on the current route of Valea Cismelei).

The solution for draining water from Valea Cismelei consists in the execution of an open canal
with a trapezoidal section based on a width of 15.00 m, embankments of 1: 2, a depth of 4.00 m
and a slope of the foundation plate of 0.002.

The protection of the embankments of the canal is made with dry wall of raw stone 30 cm thick,
on a height of 2.5 m corresponding to the water level to ensure 1.0%. Above this level it is planned
to cover the slopes with grass.

On the upstream area of Valea Cigsmelei on approx. 800 m (the area corresponding to the U-row
of the five units) the natural drainage section was maintained and only a leveling of the valley
floor with a slope of 0.002 was performed. The protection dam of the power plant at an elevation
of 18.00 mdMB has a slope of 1: 3, a top width of 4.00 and the slope towards Valea Cismelei is
protected by a raw stone wall.

At the bypass canal output, an energy dissipator was provided consisting of a rapid canal
protected by boulders and stabilopoies laid on the fascine mattresses on both the slopes and the
foundation plate [15].

Also, in Valea Cigsmelei, in case of damages that may occur during the hot water evacuation works
in the Danube, the evacuation of a flow of approx. 54 m3 /s was provided by means of a spillway
[15].

Valea Viteilor is located outside the NPP area and is not directly influenced by it. The maximum
water flows of this valley in torrential regime are the following:

Qasig. 10% 19.7 m¥ s;
Qasig. 1% 47.1 m¥/ s;
Qasig. 0.1% 88.9 m¥/ s.

The water collected and transported on Valea Viteilor is discharged in Pond | of the CDMN.

The adduction canal has the role of capturing the water flow required for condenser cooling, raw
technical water, backup cooling water, fire-extinguishing water and emergency cooling water from
the CDMN derivation canal and transporting it to the sieve chamber and the pumping station.

The adduction canal was sized in such a way that the maximum cooling water flow of 269 m3 /s,
required for 4 groups of the plant, can pass through at low levels in the Danube corresponding to
flow rates with 97% assurance, with a speed of 1.12 m / s, speed that does not lead to erosion of
the bottom of the channel. The hydraulic slope is 0.00054.

The 370 m long adduction canal has a trapezoidal section with a slope of 1: 4.5 with a width of
34 m at the base and a bottom elevation of -1.00 mdMB. The crown of the contour dams is at
13.50 mdMB for flood protection of low areas, at flows with 1% assurance, as well as the
derivation canal.

The distribution basin has the role to connect the adduction canal to the Sieve Chamber and to
ensure uniform access of water to the pumping station. The distribution basin is bordered by
slopes identical to those of the adduction canal, and its bottom is at -1.00 mdMB.

The emergency water pumping station (EWS) is also supplied from the distribution basin. The
height of the EWS water intake is 0.50 mrMB, the height in the axis of the adduction pipe [15].

3.1.2 Groundwater

Studies performed for Cernavoda NPP state that the site is located in the hydrogeological basin
of South Dobrogea. The South Dobrogea Bason consists of Jurassic limestone over which the
Valanginian layer composed of marly clays is deposited It is practically impermeable and has an
average thickness of 130 m. In this aquifer the water flow is under pressure.
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The Barremian limestones on which the plant is founded are deposited on the Valanginian clays
and form an aquifer in which the flow is free.

Due to the large thickness of impermeable clays, as well as to the absence of structural faults,
drainage between the Jurassic aquifer and the water confined to the Barremian is unlikely. Under
these conditions, the process of groundwater flow in the Barremian limestones is independent,
they form a separate aquifer.

Aquifer alimentation is based on 2 main alimentation supplies.

The first source is due to the precipitations that infiltrate the limestone, in the hill areas and that
generate a radial flow to the southeast and northwest, the groundwater being drained by Carasu
Valley, respectively by Tibrinului Valley. The water supply in the hill area is increased by the
losses from the irrigation canals.

The second source is the Danube, whose levels have an average annual variation of approx. 6
m (11.50 m maximum level, 5.50 m minimum level).

According to the study elaborated by ICH, the groundwater level in the area of the Cernavoda
NPP enclosure is influenced by the infiltrations from: precipitations, irrigation systems on the
plateau, the Danube river, the navigable canal Danube - Black Sea and Valea Cigsmelei. Under
these conditions, the groundwater flow in the site is non-stationary, the main levels and directions
of flow undergoing important changes during a year, depending on the water level in the Danube.

The variations of the forecasted groundwater levels in the natural hydrological regime of the
Danube, for the area of the Cernavoda NPP enclosure, are the following [15]:

- normal 8.50 mdMB
- maximum, with a frequency of 1/50 years 11.50 mdMB
- maximum, with a frequency of 1/100 years 12.00 mdMB

Leakage and drainage

Leakage and drainage are presented in detail in Chapter 1, subchapter 1.3.4. of this report.

The management of radioactive effluents is presented in detail in Chapter 1, Subchapter 1.4.8 of
this report.

The discharge of non-radioactive liquid effluents is described in detail in subchapter 3.1.4 of this
report.

All these drainages are collected in the drainage systems of the Cernavoda NPP.
3.1.3 Water quality and use

Through its own Chemical Laboratory and through specialized third-party laboratories, water
quality is subject to verification according to the Physico-Chemical Monitoring Program of non-
radioactive liquid effluent for Cernavoda NPP, the Water Management in force - which establishes
the chemicals that may be present in water discharge, discharge route and maximum authorized
concentrations and the Agreement signed with ABADL - which identifies the physico-chemical
parameters to be analyzed, frequency and sampling points. Through its own Daosimetry
Laboratory, the water quality is subject to verifications according to the Radiological Monitoring
Program of the radioactive liquid effluent, which identifies the radionuclides that may be present
in the discharged water, the discharge path and the maximum concentrations authorized by
CNCAN.

3.1.3.1 Radiological characterization of the water environment factor

For the radiological characterization of the water environmental factor for the CTRF site and the
area in its vicinity, in an area of up to 30 km, the following were used as resources: information
obtained from the environmental radioactivity monitoring program in the vicinity of Cernavoda
NPP, and the results of complementary analysis carried out in the period 2020-2021, with the
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participation of laboratories designated by CNCAN as test laboratories in the nuclear field, within
ICSI Rm. Vélcea and RATEN ICN Pitesti.

The routine environmental monitoring program at Cernavoda NPP was developed and submitted
for approval by CNCAN in 1995, and, starting with March 1996, it was implemented, running
uninterruptedly throughout the plant's operating period. The monitoring program was last
reviewed in January 2019 being approved by CNCAN.

Regarding surface water, the program provides for weekly sampling, followed by monthly
compositing and measurement, for two indicator locations and one reference location. The
determinations are made to monitor the content of gamma radiation emitting radionuclides, global
beta activity and tritium activity concentration. Figure 3.1.3.1.1 shows the evolution of the annual
average values of tritium concentration in the surface water samples, according to the
Environmental Radioactivity Monitoring Program at Cernavoda NPP.

Concentratin specifica de H-3 in probe de apa de suprafata comparativ cu Activitatea
Minim Detectabila, 1997 - 2020
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Figure 3.1.3.1.1 Annual average values of tritium concentration in surface water samples

Regarding the concentration of global beta activity in surface water samples, the evolution of the
annual averages is shown in Figure 3.1.3.1.2.

Activitatea specifica beta globala medie in probe de apa de suprafata
. 19%6- 2020

08

0.6

B

04

0.l

P0G 10T L6 (R0 2000 2000 2002 2003 2004 2005 2006 2000 M08 M08 D00 X001 HL: A00E K+ D005 K6 D17 H1E D1 K0

| BLODS @LOO6 @555 |

Figure 3.1.3.1.2 Annual average values of global beta activity in surface water samples
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Also, the results of gamma spectrometry analysis of surface water samples did not reveal
gamma-emitting radionuclides with origin in the activities of Cernavoda NPP.

In the additional monitoring carried out by ICSI Rm. Valcea in September 2020, determinations
of tritium and C-14 concentration in surface waters were performed, as well as determinations
of beta-global and gamma-spectrometric activity concentration, for three samples taken from the
Danube. The results of these analyses are presented in the table 3.1.3.1.1.

Table 3.1.3.1.1 Results of the monitoring carried out by ICSI Rm. Valcea in September 2020

Sampling location km 292 km 295 Pod Saligny
Danube Danube (Saligny

(Seimeni) Bridge)
No. of analysis report 134/ 138/ 139/

05.11.2020 05.11.2020 05.11.2020
H-3 activity concentration (Bq /1) 25403 41+04 24+03
C-14 activity concentration (Bq/ g C) 0.177 + 0.014 0.221 +0.016 0.221 +0.016
Global beta activity concentration (Bq /) 0.05 + 0.02 0.05 +0.02 0.06 + 0.02
Gamma emitting radionuclide activity SLD * SLD * SLD *
concentration (Bq /1)

"SLD- below the detection limit. The detection limit was calculated for a series of gamma-emitting
radionuclides specific to Cernavoda NPP and is specified in the analysis reports.

As can be seen, the values of tritium concentration in surface water samples are comparable to
the natural background, in the literature they are between 0.6 and 3.6 Bq/ |. These values are
comparable to the results of the routine monitoring program showing a slight increase in a single
monitoring point. Regarding C-14, it is observed that the values of its activity concentration in
surface waters in the area of influence of Cernavoda NPP are at the level of the natural
background, which in the literature is indicated with a current average value of 238 Bq/ kg C (v
www.lrsn.fr/EN/Research/publications-documentation/radionuclides-
sheets/environment/Documents/Carbone_UK.pdf). The overall beta activity concentration was
below 0.1 Bq / |, which confirms the results of the Cernavoda NPP monitoring,

Additional monitoring activities were continued in 2021 by RATEN ICN Pitesti through an
environmental sampling campaign. The environmental sampling campaign was to determine the
content of alpha-emitting radionuclides (actinides), originating from the nuclear activities on the
Cernavoda NPP platform. As for the surface waters in this campaign, a sample was taken from
the Discharge Canal at Seimeni, and also the actinide concentration from the sediment of the
same location was monitored. The results of the analysis of the two samples are presented in
Tables 3.1.3.1.2 and 3.1.3.1.3.

Table 3.1.3.1.2 The content of alpha-emitting radionuclides (actinides), originating from the
nuclear activities on the Cernavoda NPP platform in the surface water of the Seimeni canal

Measurement report
Measured parameter / Seimeni canal water Result /issuer
Activity concentration Pu-239/240 (mBq /1) <0.6
Pu-238 activity concentration (mBq /1) <0.6
Am-241 activity concentration (mBq / ) <0.5 706/ 23.09.2021
- . 77+15 RATEN ICN Pitesti
U-238 activity concentration (mBq /1) =L
U-235 activity concentration (mBq /1) <0.7
U-234 activity concentration (mBq /1) 74£15

=

110

\\\I)



ENVIRONMENTAL IMPACT ASSESSSMENT REPORT - "Construction work for the Heavy Water Tritium Removal Facility"
Beneficiary: NUCLEARELECTRICA S.A. National Society, through the Cernavoda NPP Branch
Developer: "Danube Delta" National Institute for Research and Development Tulcea

Table 3.1.3.1.3 The content of alpha-emitting radionuclides (actinides), originating from the
nuclear activities on the Cernavoda NPP platform from the sediment of the Seimeni canal

Measured parameter / Sediment Seimeni canal Result Measurement report /
issuer

Activity concentration Pu-239/240 (mBq / @) <2.6

Pu-238 activity concentration (mBq / g) <2.6

Am-241 activity concentration (mBq / g) <1.7 713/ 23.09.2021
RATEN ICN Pitesti

U-238 activity concentration (mBq / Q) 20.8+3.8

U-235 activity concentration (mBq / g) 25+1.4

U-234 activity concentration (mBq / g) 23.1+4.0

It can be observed that in the surface water samples taken from the vicinity of Cernavoda
NPP that no contamination with actinides can be detected, which can be attributed to its
operation. The level of concentration of natural uranium isotopes in the samples taken is
in the range of variability of the natural background.

As the wastewater from the domestic wastewater collection system on the Cernavoda NPP
platform may be sources of surface water pollution, in the monitoring of 2020 and 2021, domestic
water samples were taken from a collection tank in the vicinity of the administrative pavilion
(approximately 330 m southwest of the CTRF location). Table 3.1.3.1.4 shows the results of the
analyses performed on these samples.

Table 3.1.3.1.4 The results of the monitoring from the domestic water network on the
Cernavoda NPP platform

Measured parameter / NPP domestic water | Result Measurement report /
issuer

H-3 activity concentration (Bq /) 3.9:£04
C-14 activity concentration (Bq/ g C) 0.096 +0.010

136/ 05.11.2020
Global beta activity concentration (Bq /) 0.26 £ 0.07 ICSI Rm. Vélcea
Concentration of radionuclide activity SLD *
gamma emitters (Bq / )
Pu-239/240 activity concentration (mBq / 1) <0.9
Pu-238 activity concentration (mBq / I) <0.9
Am-241 activity concentration (mBq /) <11

707 / 23.09.2021
U-238 activity concentration (mBq /1) 48+1.2 ICSI Rm. Vélcea
U-235 activity concentration (mBq /1) <0.9
U-234 activity concentration (mBq /) 81+1.6

"SLD- below the detection limit. The detection limit was calculated for a series of gamma-emitting
radionuclides specific to Cernavoda NPP and is specified in the analysis reports.

The drinking water used in the localities in the vicinity of Cernavoda NPP is monitored in five
locations, as follows: All-03 Cernavoda, SSS-03 Saligny, SSS-13 Cernavoda-LCM, SSS-15
Faclia and SSS-16 Seimeni. Also, for the supply of drinking water to the plant, two deep wells
are used, the water of which is monitored, in terms of radioactivity content, in the program for
monitoring the environment radioactivity (locations SAF-01 and SAF-02).
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In the figures 3.1.3.1.3 - 3.1.3.1.5 the average annual values of the concentration of beta-global
activity in the drinking water used in the vicinity of Cernavoda NPP and the average annual
values of the same parameter for the deep water used as drinking water on the site of the plant
are presented.
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Figure 3.1.3.1.3 Global beta Specific activity in drinking water samples during the period
2007-2020
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Figure 3.1.3.1.4 Global Beta Specific Activity in Groundwater Samples during the period 2007-
2020

The average annual concentration of tritium in drinking water has, over time, been close to the
detection limit of 3.03 Bq / |, indicated in the report on the results of the environmental monitoring
program. Higher values were recorded for the SSS-16 Seimeni location, downstream of the
confluence of the cooling water drainage canal with the Danube river, but these values are well
below the legal limit of 100 Bq / I, imposed for drinking water (according to figure 3.1 .3.1.5).
Regarding the concentration of tritium in the deep groundwater, the report shows that no values
higher than the limit of detection (3.14 Bq / |) were recorded in the samples taken between 2004
and 2020.

b
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Figure 3.1.3.1.5 Specific concentration of H-3 in drinking water samples
in the period 2007-2020

In the monitoring campaigns of 2020 and 2021, drinking water and deep groundwater were
characterized from a radiological point of view by taking samples from the locations of LCM
(Cernavoda drinking water supply network) and on-site drilling. The results of the analysis are

presented in table 3.1.3.1.5.

Table 3.1.3.1.5 Monitoring results from drinking water and deep groundwater

gamma emitters (Bq /)

LCM drinking Groundwater
Measured parameter . -
water on-site drilling
H-3 activity concentration (Bq /) <0.4 <0.4
C-14 activity concentration (Bq/ g C) 0.204 £ 0.016 0.026 £+ 0.006
Global beta activity concentration (Bq /) <0.03 0.06 = 0.03
Concentration of radionuclide activity SLD * SLD *

Number of ICSI Rm. Valcea analysis report

135/05.11.2020

137/05.11.2020

Pu-239/240 activity concentration (mBq /) <0.7 <0.8
Pu-238 activity concentration (mBq /1) <0.7 <0.8
Am-241 activity concentration (mBq /) <0.9 <0.8
U-238 activity concentration (mBq /1) 135+2 89+1.6
U-235 activity concentration (mBq /1) <0.7 <0.7
U-234 activity concentration (mBq /1) 239+29 6.8+1.3

RATEN ICN Pitesti analysis report number

704 /23.09.2021

705/ 23.09.2021

It can be noticed that the sources of drinking water in the vicinity of Cernavoda NPP do
not show a contamination with actinides, which can be attributed to its operation. The level
of concentration of natural uranium isotopes in the samples taken is in the range of
variability of the natural background.

In the mathematical modeling of the transfer of radionuclides from source to human receptor, the
dispersion of radioactive pollutants in the aquatic environment is based on the hypothesis of total
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dilution of the pollutant, before the location where the population can use the water resource.
From the above, it can be noticed that in the case of Cernavoda NPP, this hypothesis is fulfilled.
Under these conditions, the transfer parameter Py, that binds the concentration of the radionuclide
of interest, in water (Xz) at a certain location to the evacuation flow, Xo (w) is defined. This
parameter is thus given by the equation:

po_ X _ B
0z Xo(w) Dp-Qy

. e—ld-T (S . L—l)

Where:
v = average annual liquid effluent discharge rate (L s-1)
Dr = dilution factor
B = effluent recirculation factor
A=A+ A (s)
A = radioactive decay constant
Ac = sediment removal constant
T = transport time from the point of evacuation to the point of water use (s)

For conservative purposes, when no specific data is available for the retention of radionuclide by
sedimentation, the value of Acis considered Ac = 0, and Aqg = A..

The dilution factor, Dr, is the report between the average effluent concentration at the point of
evacuation and the average concentration at the point of water use. For evacuation in the Danube
- Black Sea Canal, it does not have a significant flow for diluting liquid evacuations. Therefore,
the Dr will be 1. The main dilution of radioactive liquid evacuations takes place at the evacuation
into the Condenser Cooling Water Channel.

The recirculation factor, B, accounts for the increase in the concentration of radionuclide in the
effluent, by accumulation, when part of the evacuated water is recirculated. If the evacuated water
is not recirculated, B = 1. For cold periods, when recirculating, B = 1/ (1-f;), with f. = recirculation
fraction.

The transport time from the place of evacuation to the point of use is of 0 s for Cernavoda and
2.53 x 10° s for Constanta (1 day for transport and 2 days of delay due to water treatment and
distribution stations). For evacuations in the Danube (water use by people from Seimeni) the
transport time is considered 0 s for conservative reasons. The average annual effluent flow rate
of liquid effluent, Q,, is 5.38 x10* L s [3].

Using the calculation model above, the dispersion parameters for H-3 and C-14 radionuclides of
interest to CTRF are estimated to be:

Table 3.1.3.1.6 Dispersion parameters for H-3 and C-14 radionuclides

Radionuclide Dispersion parameter Po; (s - L)
Cernavoda Constanta Seimeni
H-3
1.86E-05 1.86E-05 3.85E-07
C-14
1.86E-05 1.86E-05 3.85E-07

3.1.3.2 Water use

Cernavoda NPP uses 3 authorized sources of drinking water, two located inside and one located
in the NPP Campus area [1]:

Fj1 H =700 m; Nhs = 4m; Nhd =10m; Q=16 |/ s;
Fji2 H=700 m; Nhs =3.1m; Nhd =5m; Q =28.51/s;
Fji3 H=700 m; Nhs =5.17m; Nhd =5.92m; Q =21.21/s

The necessary drinking water of Cernavoda NPP is provided from the 2 boreholes located on the
NPP site.
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Thereserve source for drinking water is provided by the Cernavoda city's drinking water supply
system [1].

The provision of the necessary technological (industrial) water is made from the surface
waters of the Danube - Pond | of the Danube - Black Sea Canal, through the bypass canal [1].

The provision of the necessary water for extinguishing fires is made from the surface waters
of the Danube - Pond | of the Danube - Black Sea Canal, through the bypass canal after passing
through a 5 mm diameter mesh filter [1].

3.1.4 Liquid effluent evacuation point
The evacuation of non-radioactive liquid effluent is achieved by using 3 evacuation routes:

1.Non-radioactive domestic wastewater is evacuated into the sewer network of the city of
Cernavoda. Domestic wastewater from the Cernavoda NPP platform reaches the Cernavoda
Wastewater Treatment Plant, which evacuates the treated wastewater through the Seimeni
evacuation canal into the Danube (Cernavoda NPP cooling water canal), the outlet point being
before the cooling water evacuation into the Danube [116].

2. Rainwater is evacuated in the distribution basin of Cernavoda NPP and includes discharges
from underground drainage, inactive drainage from the turbine building, reactor buildings U1 and
U2, buildings of Diesel groups - backup generator SDG (Stand-by Diesel Generator) Ul and U2,
siphon basin 1 (2), Thermal Start-up Plant (CTP), the waters resulting from the washing of the
STA mechanical filters, the wastewater from the fuel oil separator, from the overflow of the
demineralized water tank, from the overflow of the filtered water tank [116].

3. Technological wastewater resulting from condensers and auxiliary coolers in the engine room
(U1 + U2), chemically treated wastewater and wastewater with medium and low radioactivity -
passed (if necessary) through contamination diminution installations are evacuated, in normal
operating situations, in the Danube river (hectometer 779) and with the approval of the “Apele
Romane” National Administration and of Dobrogea-Seaside Water Basin Administration
(-Administratia Bazinala de Apa Dobrogea — Litoral”) as well as with the acceptance / approval /
notification of the other competent authorities according to the legal provisions (authorities within
the Ministry of Health, etc.) in the Danube - Black Sea Canal (Pond 2 - hectometer 594) [116].

In case of emergency, the technological wastewater is evacuated into the Danube - Black Sea
Canal (Pond 1 - hectometer 611) [116].

Physico-chemical characterization of the effluent

The physico-chemical characterization of the effluent is based on the average annual results
obtained by the monitoring program carried out by Cernavoda NPP - through its own Chemical
Laboratory and through third-party specialized laboratories. The results of the physico-chemical
parameters for the effluent are presented in the figures 3.1.4.1 - 3.1.4.12. The analysis of these
results shows that the monitored parameters showed values below the maximum allowed
concentrations.
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Figure 3.1.4.1. Annual average pH values in liquid effluent Figure 3.1.4.2. Annual average values for hydrazine concentration
in the liquid effluent
mgiL Morpholine mgiL Lithium
0.45 0.30
0.40
035 0.25
0.30 0.20
0.25
0.15
0.20
0.15 0.10
0.10
0.05 0.05
0.00 0.00 NM_EE_EE EE B em e em e e e e e e e o -
A DO SN S PO E L PO CCICIRCIRTGIEY A DO OD 5 > H P ® OO N S B> b o > O O
RN @e"'@a S S S sSs ‘19"' SO OSSN 8P s RO “961' S TS S SsS '19\'1;19\ PRSP

Pod Seimeni Pod CPPON e=—=CMA

mm Pod Seimeni Pod CPPON e===CMA

Figure 3.1.4.3. Annual average values for morpholine concentration
in the liquid effluent

Figure 3.1.4.4. Annual average values for lithium concentration
in the liquid effluent
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Figure 3.1.4.5. Annual average values for the concentration of biochemical
oxygen consumption in the liquid effluent

Figure 3.1.4.6. Annual average values for the concentration of solid suspensions
in the liquid effluent
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Figure 3.1.4.7. Annual average values for the concentration of solid suspensions
in the liquid effluent

Figure 3.1.4.8. Annual average values for chloride concentration
in the liquid effluent
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Figure 3.1.4.9. Annual average values for sulphate concentration
in the liquid effluent

Figure 3.1.4.10. Annual average values for sodium concentration
in the liquid effluent
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Figure 3.1.4.11. Annual average values for magnesium concentration
in the liquid effluent

Figure 3.1.4.12. Annual average values for calcium concentration
in the liquid effluent
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3.1.5 Water sources that may be affected by the project

The CTREF project will bring a wastewater supply to the domestic sewerage system of Cernavoda
NPP. Based on the quantitative estimates of the CTRF wastewater supply in Chapter 1, this
volume of domestic wastewater will increase insignificantly. Therefore, it is estimated that by the
normal operation of the CTRF installation, the temperature and the supply of nutrients discharged
into the emissary (after purification) will not change significantly compared to the current
discharges from the NPP.

From a radiological point of view, there is a risk that in the operations of decontamination of
surfaces and general cleaning activities, respectively, cleaning of surfaces and equipment,
discharges of liquid effluents will show radioactive charge. If the cleaning water is radioactive, it
will be directed to the active drainage system, which will then be transferred to Unit 1.

3.2 The air environment factor

The air is the environmental factor that constitutes the fastest support that favors the transport of
pollutants in the environment. Air quality is determined by air emissions from stationary and
mobile sources (road traffic), as well as long-distance transport of air pollutants. In Romania, the
field of "air quality” is regulated by Law 104/2011. According to the MMAP Guide, updated data
on airborne radioactivity concentrations in the Cernavoda NPP area, in particular tritium and
carbon 14, are presented.

Air quality in Cernavoda NPP area

In accordance with Order 2202/2020 on the approval of the lists with the administrative-territorial
units drawn up following the classification in the management regimes of the surfaces in the areas
and agglomerations provided in annex no. 2 to Law no.104/2011 on ambient air quality, Constanta
county is included in the management regime Il. This regime represents the surfaces in areas
and agglomerations where the levels for sulfur dioxide, nitrogen dioxide, nitrogen oxides, PMio
and PMgs particulate matter, lead, benzene, carbon monoxide are below the limit values,
respectively for arsenic, cadmium, nickel, benzo(a)pyrene, PM: s particulate matter are lower than
the objective values set by law.

The assessment of the air quality carried out in the Cernavoda NPP area shows the following
values of the background concentrations in the area in the vicinity of the site [8]:

¢ NO:-— annual average — 13,66 pg/m?
e NOy— annual average — 13,52 pg/m?3
e CO -dynamic averagein8h —582,30 yg/m?3
e PMjo— maximum daily values - 24,16 ug/m?
e PMj — annual average — 21,37 pg/m?3
e PM;s5— annual average - 17,52 ug/m?
e SO, - maximum hourly values - 36,31 ug/m?
e SO, - maximum daily values - 14,30 ug/m?
e SO, -—annual average - 3,92 uyg/m?
e CsHs — annual average - 0,25 ug/m?
e As —annual average - 0,78 ng/m?®
e Cd -annual average — 0,20 ng/m?3
e Ni —annual average - 0,83 ng/m?3
e Pb —annual average - 8,11 ng/m?®

Reporting the values of the background concentrations does not indicate exceedances of the
limit values for any of the pollutants analyzed, for all mediation periods.
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3.2.1 Radiological characterization of the air environment factor

For the monitoring of air radioactivity, the environmental radioactivity monitoring program from
Cernavoda NPP provides monthly sampling from 11 indicator locations and a reference location
(Table 3.2.1.1), in order to determine the concentration of alpha / beta-global activity in aerosols
and the concentration of tritium in the air.

Table 3.2.1.1 Location of sampling points

Location code Location Remarks

ADI-01 Tortomanu SC Cezotor

ADI-02 Gherghina COMPET

ADI-03 Medgidia Weather Station - used since 2012
ADI-04 Mircea Voda Gara CFR

ADI-05 Saligny Gendarmerie unit

ADI-06 Cernavoda Canal lock - used until 2012
ADI-07 Fetesti Weather station - used since 2012
ADI-08 Cernavoda Environmental Control Laboratory
ADI-09 Seimeni Veterinary Dispensary

ADI-10 Rasova Police Station

ADI-11 Cernavoda Station 400 Kv

ADI-12 Cernavoda DIDSR

ADI-13 Cernavoda DICA

ADB-01 Topalu Police Station

Note: Regarding the ADI-03, ADI-06 and ADI-07 locations, the changes were made as a result
of a revision of the Monitoring Program.

The program also provides monthly sampling from three locations to determine the concentration
of C-14 in the air.

The figures 3.2.1.1 - 3.2.1.4 present the average annual values of the concentration of global beta
activity in the aerosol samples over the entire period of the operational monitoring program.

Variatia activitatil specifice beta globale in aer- medil annale lecatil in exteriorl
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Figure 3.2.1.1 Annual average values for the variation of the specific global beta activity in
the air for distances exceeding 10 km
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Figure 3.2.1.2 Annual average values for the variation of the specific global beta activity in
the air for distances between 5 km and 10 km
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Figure 3.2.1.3 Annual average values for the variation of the specific global beta activity in the
air for distances between 1 km and 5 km
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Figure 3.2.1.4 Annual average values for the variation of the specific global beta activity in the
air for the exclusion zone

As can be seen from the graphs presented above, the level of concentration of global beta activity
in aerosol samples taken in the vicinity of Cernavoda NPP remained very low, comparable to the
natural background of radioactivity in the air, at ground level, the increase in 2006 being caused
by excavation work on the DIDSR site. Regarding the concentration of global alpha activity, the
environmental radioactivity monitoring report shows that it had values ranging between 22
microBqg / m® and 256 microBq / m®, being in full accordance with the range of variability of the
natural background. [84].

In 2021, the analyses carried out by RATEN ICN Pitesti, aerosol samples were taken from four
locations located in the vicinity of the CTRF site, and the global beta activity concentrations and
the concentration of the activity of gamma radiation emitting radionuclides were also among the
determined parameters. Table 3.2.1.2 presents the results of the analyses regarding the global
beta activity concentration:

Table 3.2.1.2 Global beta activity and concentration activity of gamma radiation emitting
radionuclides from locations in the vicinity of the CTRF site

Concentration
Sample name Measurement report (Bq / mc) MDC (Bq / mc)
DIDSR aerosol filter 624 / 30.08.2021 0.058 0.007
LCM aerosol filter 625 / 30.08.2021 0.011 0.001
CTREF aerosol filter 626 / 30.08.2021 0.049 0.006
PCA aerosol filter 627 / 30.08.2021 0.022 0.003

Following gamma spectrometry measurements of the aerosol samples, no gamma radiation
emitting radionuclides above the detection limit were detected. Table 3.2.1.3 shows the minimum
detectable activity (AMD) values for a series of NPP-specific gamma-emitting radionuclides,
calculated under the specific sampling and measurement conditions, for each sample.
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Table 3.2.1.3 Gamma-emitting radionuclides, specific to Cernavoda NPP

Radionuclide AMD (Bq / mc)

DIDSR LCM CTRF PCA
K-40 0.87 0.17 0.84 0.34
Cr-51 0.31 0.06 0.30 0.12
Mn-54 0.03 0.01 0.03 0.01
Co-58 0.03 0.01 0.04 0.01
Co-60 0.05 0.01 0.05 0.02
Zn-65 0.10 0.02 0.10 0.04
Nb-95 0.03 0.01 0.03 0.01
Zr-95 0.06 0.01 0.06 0.02
Ru-103 0.03 0.01 0.03 0.01
Ru-106 0.30 0.05 0.29 0.11
Sbh-124 0.03 0.01 0.03 0.01
Sb-125 0.09 0.02 0.09 0.04
Cs-134 0.03 0.01 0.03 0.01
Cs-137 0.04 0.01 0.04 0.01
Ce-139 0.04 0.01 0.04 0.02
Ba-140 0.11 0.02 0.11 0.04
Ce-141 0.06 0.01 0.06 0.02
Ce-144 0.24 0.05 0.23 0.09
Eu-152 0.24 0.04 0.24 0.10
Gd-153 0.05 0.01 0.06 0.02
Eu-154 0.06 0.01 0.06 0.02
No. of
Measurement 620/ 30.08.2021 621/ 30.08.2021 622/ 30.08.2021 623 /30.08.2021
report

The results of the content determination of the alpha-emitting radionuclides (actinides) in aerosol
samples are given in Table 3.2.1.4,

Table 3.2.1.4 Results of determinations of alpha-emitting radionuclides (actinides)

Measured parameter LCM CTRF DIDSR PCA
Activity concentration Pu- <0.4 <11 <11 <0.6
239/240 (mBqg / m?)

Activity concentration Pu-238 <0.4 <11 <11 <0.6
(mBg / m3) ' ' ' '
Activity concentration Am-241 <04 <15 <1.9 <08
(mBq / md) ' ' ' '
Activity concentration U-238 <12 56+29 15.9 + 9.7 <23
(mBq / m?) . 62 9+9. .
Activity concentration U-235 <1.2 <3.8 <14.4 <2.3
(mBq / md)

Activity concentration U-234 <1.2 <38 <14.4 <23
(mBg / md) ' ' ' '
RATEN ICN Pitesti analysis 709/ 710/ 711/ 712/
report number 23.09.2021 23.09.2021 23.09.2021 23.09.2021
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The higher detection limit values indicated for CTRF and DIDSR locations are due to the lower
volumes of air drawn in these locations, due to the operation of the sampling equipment in
autonomous mode (on batteries). However, the high level of sensitivity of the method allowed
to highlight that on the site of Cernavoda NPP and in its immediate vicinity there is no
contamination of the air with actinides which can be attributed to the operation of the plant.
The average annual concentrations of tritium in the air in the vicinity of Cernavoda NPP, as
recorded in the environmental radioactivity monitoring program, are shown in Figures 3.2.1.5 -
3.2.1.8.

Variatia concentratiei de H-3 in aer - locatii in exteriorul zonei de excludere (distanta
mai mare de 10 km) - perioada 1997 - 2020
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Figure 3.2.1.5 Variation in the concentration of H-3 in the air for distances exceeding 10 km.
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Figure 3.2.1.6 Variation in the concentration of H-3 in the air for distances between
5 km and 10 km
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distanta cuprinsa intre 1 km s 5 km de amplasament - pericada 1997 - 2020
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Figure 3.2.1.7 Variation in the concentration of H-3 in the air for distances between
1 km and 5 km
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Figure 3.2.1.8 Variation in the concentration of H-3 in the air for the exclusion zone

It is observed that the annual averages of the tritium concentration in the air are below 4 Bq / m?,

for the locations outside the exclusion zone and below 15 Bq / m?, for the locations inside it (the
locations on the plant location).

The values of the tritium concentration in the water from the atmospheric air, determined by ICSI
Rm. Valcea in 2020, in four locations in the vicinity of CTRF, are presented in table 3.2.1.5.
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Table 3.2.1.5 Values of tritium concentration in atmospheric air water in 2020

Location H-3 ac@ivity concentration
in trial (Bg /1)
LCM 1.2+0.3
PCA10 0.8+0.3
CTRF 2.6+0.3
DIDSR 20+0.3
RM 130/ 01.10.2020

Following the report issued by ICSI RM Valcea (measurement report no. 130), the values of tritium
concentration in bubbling water (100ml) after bubbling a volume of 144 liters of air, resulted in the
concentrations presented in table 3.2.1.6. The following formula was used to obtain these results:

Cair:Cwater*Vwater(I)/Vair(mc):Cair*O. 1 /0 1 44

Considering that the sampling was done quantitatively (sampling yield was 100%), these values
represent the estimation of tritium concentrations (Figure 3.2.1.6).

Table 3.2.1.6 Estimation of tritium concentrations

H-3 activity concentration

Location in test (Bgq /m3)

LCM 0.83+0.21
PCA10 0.56 + 0.21
CTRF 1.81+0.21
DIDSR 1.39+0.21

At the same time, the environmental radioactivity monitoring program at Cernavoda NPP aims to
determine the level of contamination of wet atmospheric deposits, by taking monthly samples
from five locations, as follows: SSS-03 Saligny, SSS-04 Cernavoda (Environmental Control
Laboratory) - from the outside, SSS-09 DICA, SSS-17 Location U1-U2 and SSS-19 DIDSR - from
the site. Figure 3.2.1.9 presents the annual averages of the tritium activity concentration from the
atmospheric deposits’ samples taken between 2005-2020.
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Figure 3.2.1.9 The average specific concentration of H-3 in humid atmospheric deposits for the
period 2005-2020

The activity concentration of tritium in wet deposits was also determined in a sample taken by
ICSI Rm. Valcea in 2020, from a location positioned approximately 3 km N-NW of the plant. The
results are given in the measurement report no. 136 / 01.10.2020 and shows that the value of the
concentration of activity in the sample of humid atmospheric deposits taken in the location of Hotel
Yahoo was 1.5+ 0.3 Bg/I. This value confirms the low levels of tritium activity concentration
in locations outside the exclusion zone of Cernavoda NPP.

Also, during the analysis carried out by RATEN ICN Pitesti in 2021, a sample of humid
atmospheric deposits was taken from the location: Environmental Control Laboratory (LCM),
between 16.06 - 14.07.2021. The objective of this sampling was to determine the concentration
of alpha-emitting radionuclides in the humid atmospheric deposits in the vicinity of the CTRF site.
The results of this monitoring are presented in Table 3.2.1.7.

Table 3.2.1.7 Alpha-emitting radionuclides in wet atmospheric deposits in the vicinity of the

CTRE site
Measured parameter / Wet deposit - LCM Result Measurement report /
issuer

Activity concentration Pu-239/240 (mBq /1) <0.2

Activity concentration Pu-238 (mBq / I) <0.2

Activity concentration Am-241 (mBq /1) <0.3 708 / 23.09.2021

. ] RATEN ICN Pitesti

Activity concentration U-238 (mBq /1) <11

Activity concentration U-235 (mBq /1) <1.1

Activity concentration U-234 (mBq /1) 1.6+0.8

Starting with 2011, Cernavoda NPP monitors the concentration of C-14 in the air, by taking

\\\I) 12 3N



ENVIRONMENTAL IMPACT ASSESSSMENT REPORT - "Construction work for the Heavy Water Tritium Removal Facility"
Beneficiary: NUCLEARELECTRICA S.A. National Society, through the Cernavoda NPP Branch
Developer: "Danube Delta" National Institute for Research and Development Tulcea

monthly samples from three locations, two of which are on the NPP site and one is in the city of
Cernavoda. Figure 3.2.1.10 shows the annual average values of C-14 concentration in the air,
recorded in the monitoring program.
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Figure 3.2.1.10 Annual average C-14 values in the air for 2011-2020

The values of the C-14 concentration in the atmospheric air, determined by ICSI Rm. Valcea in
2020, in four locations in the vicinity of CTRF, are presented in table 3.2.1.8.

Table 3.2.1.8 C-14 concentration in atmospheric air, determined by ICSI Rm Valcea for
locations in the vicinity of CTRF

Location C-14 activity concentration in air (Bq / gC)
LCM 0.261 £0.018
PCA10 0.251 +£0.018
CTRF 0.242 +£0.018
DIDSR 0.267 £0.018
RM 8/03.11.2020

Considering the reference values of CO, concentration in atmospheric air (412.5 ppm [85]), it is
possible to estimate the activity concentration of C-14 in the air, corresponding to the above
results. These estimates are presented in table 3.2.1.9.

Table 3.2.1.9 Estimation of C-14 concentration

Location C-14.activity_ concentration
in the air (Bq / m3)
= 0.046 + 0.003
PCA10 0.044 + 0.003
CTRE 0.043 + 0.003
DIDSR 0.047 + 0.003

It is observed that the values recorded are slightly higher than the annual averages obtained in
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the monitoring program, probably due to differences in sampling and processing methods and
reporting of results used in the two types of monitoring.

The concentrations indicated by ICSI Rm. Valcea correspond to the reference level (from the
specialty literature), of the activity concentration of C-14 in the carbon involved in the atmospheric
cycle (contaminated from the cosmogenic source). This shows that the activity of the plant did
not change, at a detectable level, the local concentration of C-14 in the atmospheric air,
not being a permanent and significant source of C-14 contamination of the atmosphere.

Dispersion factors for radionuclides released into the atmosphere as gaseous effluents shall be
calculated based on the methodology presented in Subchapter 1.4.14, using dispersion models
adapted to the characteristics of the installation and its location (theoretical dispersion factors) or
based on monitoring data (empirical dispersion factors).

Regarding the values of the empirical dispersion factors of tritium, calculated based on the
monitoring data from 2010 to 2020, they were presented in table 1.4.10.1. Similarly, empirical
dispersion factors for C-14 can be determined in the three monitoring locations in the vicinity of
the plant, where the concentration of C-14 in the air was determined (Table 3.2.1.10).

Table 3.2.1.10 Empirical dispersion factors for C-14 in the three monitoring locations in the
vicinity of the plant

Dispersion factor C-14 (10° s/m?)
Location Diazrann)ce
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | Max. Med. St.dev.
ADI-13 05 182 | 1484 527 150 | 209 | 1061 971 918 | 1044 | 1997 | 1997 854 603
ADI-05 1.5 899 326 | 264 271 126 377 574 308 120 370 899 363 229
ADI-08 25 152 278 97 93 78 334 | 294 293 127 | 258 334 200 100

3.3 Soil / subsoil environmental factor
3.3.1 Topography

Cernavoda NPP is located on the left bank of the Danube-Black Sea Canal, in a region bordered
on the west by the Danube and Campia Romana, and on the east by Podisul Dobrogean
(Dobrogea Plateau). The low plain in which the Cernavoda area falls is part of the relief unit known
as Platforma Dobrogei de Sud, the confluence area between the deltaic plain in the immediate
vicinity of the Danube and the western extremity of Podisul Carasu (Carasu Plateau) [8].

The location of the CTRF project is placed along the Cismelei valley (Valea Cismelei), which has
a low geodeclivity that does not favor the manifestation of active geomorphological phenomena
[117]. Therefore, it can be admitted that the topography of the land on which the site will be located
is generally flat, the higher lands being positioned in the northeastern part of the project (related
to the Cernavoda Wind Farm) and in its western part (associated between the Danube and the
Danube-Black Sea Canal). The altitude of the relief where the project site is located is +16 mBSL
(meters above the level of the Baltic Sea), which corresponds to the entire site of Cernavoda
NPP.
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3.3.2 Geology

From a geological point of view, the location of the Cernavoda NPP platform belongs to the
geological, morphological, tectonic and structural unit of Dobrogea de Sud (South Dobrogea)
(Figure 3.3.2.1). This unit is delimited to the north by the Capidava Ovidiu fault, to the south by
the partially identified Sabla Calarasi Urziceni fault, to the west by the Danube fault, and to the
east by the Black Sea coast. In the perimeter of the enclosure and in the surroundings there are
geological formations that belong in depth to the Jurassic and Cretaceous, but also to the
Quaternary deposits that belong to the middle and lower Pleistocene [18].

Dobrogea de sud - Zona Cernavoda

HARTA GEOLOGICA

- y A ! A .

W r— - P

Figure. 3.3.2.1 Geological map in the area of the Cernavoda NPP platform

Shallow formations are Quaternary deposits, consisting of loessoid-clay deposits and Aptian
deposits, made up of clays and dense sands, arranged over the bedrock, represented by
Barremian limestone.

The nuclear units in operation of the Cernavoda NPP (U1 and U2), located within the development
limits of the Cretaceous age formations, have at the foundation quota of the nuclear buildings,
Barremian limestone.

Studies have shown that the geological structure of the site area provides good conditions for the
stability and foundation of the plant's buildings and therefore does not raise issues related to
nuclear safety.
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For the foundation of the structures belonging to Cernavoda NPP, the sedimentary formations of
Jurassic age (Bathonian, Callovian, Oxfordian, Kimmeridgian) were conventionally considered as
the bedrock. These formations are transgressively arranged over the weakly metamorphosed
corrugated foundation of the green shales and consist of hard limestone alternating with siliceous
limestone, sandstone limestone.

The covering formations are rocks of sedimentary origin belonging to the Cretaceous
(Valanginian, Barremian, Aptian) and Quaternary. The site of the Cernavoda NPP is located within
the development limits of the Cretaceous age formations, it presents at the foundation level of the
nuclear buildings, Barremian limestone and Valanginian marls. Valanginian-Hautterivian (V) - is
arranged over the Jurassic and was found on the entire surface of the researched enclosure.
Between the elevations of -138 mdMB and -75 mdMB, it consists of an alternation of limestone,
marly limestone and marly clays, and at the bottom there is a conglomerate level with a thickness
between 4 m and 4.50 m. Over the horizon of the lower limestones there is a clayey marly horizon
with limits approximately between elevations: +70.53 m (lowest elevation) and +1 + 1.29 m
(highest elevation).

Barremian (B) - consists of petrographically varied Cernavoda limestone, which has divided them
into two layers, B1 and B2 [18].

B1- the topsoil consists of white, hard, cracked limestones; white-yellow limestone, porous,
conchiferous limestone; clayey-sandy limestones yellowish, oolitic, chalky white limestones,
friable, arranged in almost horizontal layers with a thickness of 0.20 + 1.00 m, with a slight arch
towards the center of the quarry. The thickness of layer B1 is between 11 m and 26 m.

B2- the layer made of yellow-brown limestone, with intercalated porous white limestone, forming
a transition line between marls and B1 limestones. This layer appears inhomogeneous in both
thickness and constitution, with an average of 30-40% limestone and 60-70% clayey limestone,
yellow, compact calcareous clays and compact sands.

The thickness of layer B2 is between 6 m and 10 m. The alternations of calcareous clay and
porous limestone in layer B2 are also found in the deep excavations made at about 1.5 km
distance for the Danube-Black Sea canal lock. This shows that these are alternating layers and
not boulders trapped in the limestone mass. The entire limestone complex is riddled with cracks
and fissures ranging in size from millimeters to tens of centimeters, filled with clay or hollow.
Below a certain level (on average +7.50 and +8.0 mdMB) they are filled with water. No karstic
holes have been found in the outcrops of the quarry and in the drilled holes, but the possibility of
their existence should not be completely ruled out.

Aptian - appears in the form of patches over limestone and consists of gravel and clay. Aptian
marine deposits appear as a lentilform intercalation in the continental-lacustrine series of the
Dobrogea Aptian.

Quaternary - is represented by loess on hills and mallow clays presumably in meadow areas,
covering Aptian limestones and clays. The Quaternary deposits cover the limestones with 4 + 5
m, and towards the Carasu valley they reach thicknesses exceeding 35 + 40 m (covering the old
bed of the Carasu valley, eroded during the geological history) [18].

For the supply of drinking water to Cernavoda NPP, before 2006, 3 drillings were made at a

maximum depth of 700 m Two of the boreholes were drilled within Cernavoda NPP, and the third

was drilled on the outskirts of Cernavoda. Determinations made through the three boreholes

showed the following deep geological structure [33]:

1. The unit of the Quaternary deposits is between 0 and 25 m deep and contains in the first 9 m
deposits formed of Berriasian-Valanginian limestone next to Aptian gravels, after which the
soft and silty yellowish clays complete the layer up to 25 m. This largely clayey layer, appeared
by sedimentation in lake basins, most likely related to the Danube.

2. The unit of the continental deposits is developed within the layer between 25 and 32 m depth.
They belong to the Middle + Late Aptian period, and are made up of quartz pebbles and sands,
with thin intercalations of kaolinitic clays. This is a detritiated lithostratigraphic structure with
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continental origins, which is widespread in the northern part of the South Dobrogea Plateau
(Podisul Dobrogei de Sud).

3. The geological unit of the carbonate complex | of late Berriasian - Early Valanginian age
appears in the layer between 32 and 50 m deep. Porparitic limestones, calcareous or quartz
sandstones, frequently recrystallized bioclastic limestones, calcarenites, oolites, marly
limestones and marls contribute to the lithological composition of this unit.

4. The geological unit represented by the marl complex and the polychrome clays of the
Purbeckian facies of the early-middle Berriasian age takes place in a layer between 50 and
100 m deep. This unit is characterized by the alternation of marls and violet / green clays,
calcarenites, oolites, fine clayey sandstones, marly limestones and calcareous sandstones. It
was formed on the border between Jurassic and Cretaceous, the predominant phenomenon
being that of sedimentation in lagoon and continental-lake conditions.

5. The geological unit represented by the Carbonatic Il complex of early Berriasian age is found
in the layer between 100 and 161 m depth. It mainly includes detrital limestones, calcareous
sandstones, bioclastic limestones and oolitic limestones. It is also worth noting the presence
of a secondary level of carbonate which is located between the clay complex and the
polychrome marls, as well as the presence of an evaporite complex in its lower part.

6. The geological unit of the late Tithonian evaporite complex is found between the depths of 161
and 363 m, gypsum and massive anhydrides, gypsiferous clays and marls and micritic
limestones with anhydrides are present.

7. The geological unit of the Kimmeridgian-Early Tithonian dolomitic complex of early-middle
evaporite is between 363 and 700 m deep. Characteristic for this complex is the thick
succession of dolomitized limestones and karstified at different levels. Inside the mass of
dolomites there are gaps caused by the dissolution generated by the pressure of the carbonate
rock. These gaps form a system of branched channels that can be extended to a regional
scale. Within the dolomitic mass there are marly intercalations and marly limestones. This
complex is the main objective of exploring groundwater in the studied area.

3.3.3 Soil

The pedological cover of the Cernavoda NPP area includes soils developed in the meadow area
as well as soils developed on loessoid deposits. Thus, young and partially developed alluvial soils
are present on the right bank of the Danube. The chemical composition and particle size
composition of these soils reveal a high degree of inhomogenity, these soils having a
differentiated profile. These soils with a high calcium carbonate content are characterized by a
pH value around 8, which gives them a moderate basic character. In terms of texture, the
presence of all types from clayey to sandy is noticeable.

White soils are present in regions characterized by the presence of loess or loess deposits in the
substrate. They occur mainly in the north of the Carasu Valley and between Cernavoda and
Medgidia. In the case of this type of soil, the low humidity makes processes such as leaching and
alteration less intense. Thus, the alkaline reaction and poor leaching led to the formation of humic
acids and the presence of calcium cations. The pH of the soils is between 8 and 8.3, while their
profile has a low differentiation characterized by a dark brown-yellow upper horizon with a small
and very small particle size structure. Humus and nutrients are low. These soils are characterized
by a high moisture deficit due to low precipitations and intense evaporation [18].

3.3.4 Land condition and use

In the vicinity of Cernavoda NPP, land use is predominantly agricultural being influenced by the
protection zone of the plant which extends up to 30 km around it (Figure 3.3.4.1).
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Figure 3.3.4.1 Map of land use in the area of the Cernavoda NPP platform

According to figure 3.3.4.2, in the area delimited around Cernavoda NPP, the largest areas are
occupied by arable land with a percentage of 73.6% of the total. These are areas on the surface
of which irrigation systems operate for the most part. Cereals (wheat, corn) are cultivated mainly
on arable land, but also fodder plants or sunflower. Long distance, are the pastures that occupy
about 7.66% of the territory, followed by forests with a percentage of 6.21%. Forests and shrubs
(0.19%) cover areas of hills with a steeper slope in which the intervention of human activity was
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less intense, thus maintaining a stable ecological balance. Forests found within a radius of 30 km
from Cernavoda NPP are grouped into 2 categories based on their role [8]
- forests to produce and protect wood in order to obtain valuable assortments;
- forests which are to be protected and which cannot be used for timber harvesting because
they are subject to a conservation regime.
It is considered that the operational activity within the Cernavoda NPP does not affect the forest
areas [8].

The built-up areas have a share of 4.32%, these being mainly discontinuous urban structures or
industrial and commercial units. The viticultural areas, which account for a percentage of 3.71%,
are found mainly in the vicinity of Cernavoda, Cochirleni, Rasova, Aliman, Medgidia, Mircea-Voda
and Tortomanu [8]. Areas occupied by rivers account for 2.36% of the total, while orchards occupy
0.88%. The Medgidia and Mircea Voda areas east of Cernavoda are among the most compact
orchards in the studied region.

80.00 73.60%
70.00
60.00
50.00
40.00
30.00
20.00
6.21% 7-66%
1000 19% 0.38% 0.88% 0.70% ’ 2.36% 3.71% 4.32%
0.00
& S S S S
X xS
> A% A% @'} R ] o3 CPQ%
& &
<& 49

Figure 3.3.4.2 The share of different types of land use within a radius of 30 km around
Cernavoda NPP

Source: Corine Land Cover, 2018
(Left to right: Shrubs, Lakes, Orchards, Swamps, Forests, Pastures, Rivers, Arable lands, Vineyards, Built areas)

3.4 Biodiversity

In the chapter on the biodiversity within the potentially affected perimeter, which implicitly includes
also the habitats on the areas to be occupied by the project and its surroundings, the areas of
conservation interest were described and illustrated on an appropriate map within a radius of 30
km around the site. This report described the populations of the species and the characteristics
of the habitats that may be affected by the project and defined any protected species or species
designated to be protected.

Habitats

Habitat types and areas in the area of influence are shown in Table 3.4.1, according to the Corine
Land Cover classification, 2018. These habitats will be discussed in detail, including habitats
classified according to EUNIS12 in the following paragraphs (habitat mapping is shown in Figure
3.4.1).

F}

\\\I)



ENVIRONMENTAL IMPACT ASSESSSMENT REPORT - "Construction work for the Heavy Water Tritium Removal Facility"
Beneficiary: NUCLEARELECTRICA S.A. National Society, through the Cernavoda NPP Branch

Developer: "Danube Delta" National Institute for Research and Development Tulcea

Table 3.4.1 Habitat Types (Corine Land Cover, 2018)

% of CLC % of the total
CLC code Name Area (Ha) without 30 km area
N2K CTRF
112 Discontinuous urban area 7319.434 3.22 2.59
121 Industrial or commercial units 2595,905 1.14 0.92
Road and rail networks and
122 associated land 888,273 0.39 0.31
123 Port areas 162,658 0.07 0.06
124 Airport 208,349 0.09 0.07
131 Mineral extraction sites 308,671 0.14 0.11
132 Waste pits/landfills 26,436 0.01 0.01
141 Green urban areas 287,085 0.13 0.10
142 Sports and relaxation facilities 29,653 0.01 0.01
211 Irrigated arable land 181887.07 80.11 64.33
213 Rice fields 1583.728 0.70 0.56
221 Vineyards 10090.331 4.44 3.57
222 Fruit trees and berry plantations 1969.406 0.87 0.70
231 Pastures 9986.294 4.40 3.53
242 Complex cultivation models 2605,492 1.15 0.92
243 Land mainly occupied by 1543,528 0.68 0.55
agriculture, with significant
areas of natural vegetation
311 Hardwood forests 2239.347 0.99 0.79
321 Natural meadows 1146,906 0.51 0.41
324 Forest / shrub transition areas 262,658 0.12 0.09
411 Inner swamps 508,704 0.22 0.18
511 Streams 1038,653 0.46 0.37
512 Water bodies 371,165 0.16 0.13
TOTAL 227059.746 19.69
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Figure 3.4.1 CLC map within a radius of 30 km from the CTRF project location

Protected areas

In the 30 km area of influence (Zdl), there are 14 areas of conservation interest for the long-term
protection of biodiversity (Figure 3.4.1).

Figure 3.4.2 Map of Natura 2000 sites located within a radius of 30 km from the CTRF project
location

\\\I) 136 A



ENVIRONMENTAL IMPACT ASSESSSMENT REPORT - "Construction work for the Heavy Water Tritium Removal Facility"

Beneficiary: NUCLEARELECTRICA S.A. National Society, through the Cernavoda NPP Branch

Developer: "Danube Delta" National Institute for Research and Development Tulcea

Of the 14 sites located within a radius of 30 km, eight are Sites of Community Interest (SCI) and
six Areas of Special Protection of Avifauna (SPA). Two of the sites (ROSPAO0039 Dunare -
Ostroave and ROSCI0022 Canaralele Dunarii are less than 5 km from the site. Seven sites are
within a radius of 10-15 km, two between 15 and 20 km and three sites between 20 and 30 km
from the site (Figure 3.4. 3, Table 3.4.2).

Natura 2000 sites are "the most suitable areas", both in number and area, for the protection of
bird species listed in Annex | of the Birds Directive, as well as migratory species.In the case of
the Habitats Directive, designated sites ensure that the types of natural habitats listed in Annex |
and the habitats of the species listed in Annex Il shall be maintained or, where appropriate,
restored to an appropriate conservation status in their natural range.

Distance of sites of conservative interest from the site

14%

22%

50%

® <5km
10-15 km
15-20 km
20-30 km

Figure 3.4.3 Cyclogram on the distribution of sites of conservation interest to the site

Table 3.4.2. Sites located within a 30 km radius of the CTRF project location

Crt Normative act Distance from

' Site code of the project Site name
no. . .

establishment location

1 ROSPA0039 HG 1284/2007 <2 km Dunare - Ostroave

2 ROSCI0022 OM 1964/2007 | <3 km Canaralele Dunarii

3 ROSCI0053 OM 1964/2007 | 10 km Allah Bair Hill

4 ROSCI0412 OM 46/2016 10 km Ivrinezu

5 ROSPA0002 HG 1284/2007 | 10 km Allah Bair - Capidava

6 ROSPA0012 HG 1284/2007 | 10 km Borcea Branch

7 ROSPA0001 HG 1284/2007 | 12 km Aliman - Adamclisi

8 ROSCI0353 OM 2387/2011 | 13 km Pestera - Deleni

9 ROSPA0007 HG 1284/2007 | 13.5 km Balta Vederoasa
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Dumbraveni - Urluia Valley-
10 ROSCI0071 OM 1964/2007 17 km Vederoasa Lake (Dumbraveni -
Urluia Valley - Vederoasa Lake)
11 ROSCI0319 OM 2387/2011 | 17.5km Fetesti Swamp
12 ROSCI0278 OM 2387/2011 | 20 km Bordusani - Borcea
Canaraua Fetii Forest and
14 ROSPA0054 HG 1284/2007 | 25 km Dunareni Lake

The following is a brief description of the Natura 2000 sites in the study area in order of distance
from the project location [74-80].

ROSPAO0039 Dunare — Ostroave

Avifauna Special Protection Area - 16224 ha

The site stretches along the Danube and includes 9 islands. The hydrological aspects of the
islands are dominated by the hydrological regime of the Danube. The dominant habitats within
the perimeter of this protected area are wetlands and meadow forests. The site is home to many
protected bird species as follows: number of species in Annex 1 of the Birds Directive - 39, other
migratory species in the annexes to the Bonn Convention - 36. Of these, five species are globally
endangered.

The site is important for the nesting populations of the following species: Coracias garrulus, Falco
vespertinus, Aythya nyroca, Platalea leucorodia, Egretta garzetta, Nycticorax nycticorax, Plegadis
falcinellus, Phalacrocorax pygmaeus, Ardea purpurea, Haliaeetus albicilla, Ardeola ralloides,
Lanius minor, Caprimulgus europaeus and Milvus migrans. The site is important during the
migration period for the species: Plegadis falcinellus, Phalacrocorax pygmaeus, Aythya nyroca,
Sterna hirundo, Tringa glareola, Himantopus himantopus and Ciconia ciconia. The site is
important for wintering for the following species: Branta ruficollis and Phalacrocorax pygmaeus.
ROSCI0022 Canaralele Dunarii

Site of Community Importance - 25943 ha

The site has a wide variety of protected habitats, from hygrophilous to xerophilous, including
meadows, bushes, forests. Among these habitats, the most representative, both the area
occupied in the site (30%) and at national level (11%) is the habitat of Salix alba and Populus
alba galleries (Salix alba and Populus alba galleries). It also includes important areas of trees
excluded, since the formation, from forestry interventions, which can be considered as virgin
forests (located mainly on islands), as well as tree areas with secular trees (especially poplars)
on areas of tens of hectares (eg Ostrovul Turcesc).

ROSCIO053 ,,Dealul Allah Bair” (Allah Bair Hill)

Site of Community Importance - 193.50 ha

The site is particularly important from a floristic point of view; it houses endemic species, rare and
endangered for the Romanian flora. Site of Community Importance designated for the
conservation of priority habitat 62C0 * Ponto-Sarmatic steppes and populations of three plant
species 2236 Campanula romanica, 2125 Potentilla emilii-popii and 2093 Pulsatilla grandis. The
importance of the location has been mentioned in the literature since 1929 and is home to about
30 rare petrophilic species of Pontic, Balkan, Pontic-Balkan and Pontic-Mediterranean origin.
The conservation status of the calcareous steppe vegetation is relatively good, with rare and
endemic species of flora being in a good state of conservation (eg Agropyron cristatum ssp.
Brandzae, Campanula romanica).

The site also contains the Allah Bair Hill Reserve, which was initially placed under protection by
Decision no. 31/1980 of the Constanta County People's Council. It was declared as a natural area
of national interest by Law 5/2000 - on the national territory landscaping plan - Section il
protected area of national interest (protected area code 2367) with an area of 10 ha.
ROSCI0412 Ivrinezu

Site of Community Importance - 411.1 ha
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It is an important site for the conservation of Mesocricetus newtoni as well as Testudo graeca,
Elaphe quatuorlineata, Spermophilus citellus, and their habitat, in an area that has been devoid
of protected areas for these species, whose populations have been identified within the site.
ROSPAO0002 Allah Bair — Capidava

Avifauna Special Protection Area - 11645.10 ha

The site is important for the species of birds of European conservation interest characteristic of
the agricultural and steppe areas of Dobrogea: Anthus campestris, Burhinus oedicnemus,
Calandrella brachydactyla, Emberiza hortulana, Melanocorypha calandra. The site is also very
important for waterfowl species such as: Tadorna ferruginea, Phalacrocorax pygmeus, Sterna
hirundo, Chlidonias hybridus, Chlidonias niger, Larus minutus, Alcedo atthis. During the
migration, large numbers are recorded for: Aquila pomarina, Ciconia ciconia, Ciconia nigra, Circus
aeruginosus, Buteo buteo.

ROSPA0012 Borcea branch

Avifauna Special Protection Area - 13096,80 ha

The site is important for nesting populations of the following species: Aytya nyroca, Milvus
migrans, Haliaetus albicilla, Falco vespertinus and Coracias garrulus; colonies of Ardeidae and
Threskiornithidae. The site is important during the migration for the species: Ciconia alba and
Ciconia nigra, Plegadis falcinellus, Platalea leucorodia, Sterna hirundo, geese and ducks. During
the winter, both the wetlands and the agricultural areas around the site are particularly important
habitats for the feeding and resting of Branta ruficollis flocks.

ROSPAO0001 Aliman - Adamclisi

Avifauna Special Protection Area - 19467.80 ha

This site is home to important flocks of protected bird species. The site is important for nesting
populations of species characteristic of agricultural and steppe areas in southeastern Romania
such as: Anthus campestris, Calandrella brachydactyla, Melanocorypha calandra, Coracias
garrulus, Burhinus oedicnemus and Falco vespertinus. It is an important nesting and feeding area
for Buteo rufinus. It is also one of the areas where the presence of the Imperial Eagle and the
Saker falcon is recorded.

ROSCI0353 Pestera - Deleni

Site of Community Importance - 2549.3 ha

Habitat of pasture characteristic of the species of conservative interest - Mesocricetus newtoni
and Spermophilus citellus. The site is mostly covered by pastures (80.1%), agricultural crops
(16.5%) and natural pastures. The site has been designated for the conservation of species
associated with natural and semi-natural open environments such as meadows, pastures and
cultivated land. Thus, the structural and functional relationships that create and maintain the
integrity of the protected natural area are those related to cultivation practices practiced so far in
a traditional, non-intensive way that have allowed species of conservation interest (ground
squirrel and Dobrudja hamster) to colonize this area and to remain present with important
populations.

ROSPAO0007 Vederoasa Lake

Avifauna Special Protection Area - 2144 ha

This site hosts important flocks of protected bird species, as follows: a) number of species in
Annex 1 of the Birds Directive: 34; b) number of other migratory species listed in the annexes to
the Convention on Migratory Species (Bonn): 70 ¢) number of globally endangered species: 4
The site is important for nesting populations of the following species: Tadorna feruginea,
Nycticorax nycticorax, Ardeola ralloides, Egretta garzetta. The site is important during the
migration period for pond species (especially pelicans and geese). The site is important for
wintering for ducks and geese. During the migration period, the site is home to more than 20,000
waterfowl

ROSCI0071 Dumbraveni - Valea Urluia - Lacul Vederoasa (Dumbraveni - Urluia Valley -
Vederoasa Lake) (Dumbraveni - Urluia Valley - Vederoasa Lake)

Site of Community Importance - 17971 ha

The site includes several scientific and natural reserves. It is home to at least eight protected
habitat types at European level, of which three are a priority. The site includes protected plant
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species at European level - Annex Il of the Habitats Directive: Centaurea jankae, Himantoglossum
caprinum, Potentilla emilii-popii, Echium russicum. It hosts a rich avifauna, being identified over
100 species of birds. Some species of birds have important numbers, such as predators, larks,
woodpeckers, Caprimulgus and the like, which is why it has been designated as a Special
Protection Area for Avifauna.

ROSCI0319 Mlastina de la Fetesti (Fetesti Swamp)

Site of Community Importance - 2020 ha

The site was designated in the lower Danube area, in a meadow area that was completely flooded
in the past. The defense works that involved the construction of a dam have limited the floodability
of the area, which is manifested only in isolation, by infiltration due to the increase of groundwater
levels that remain in connection with the riverbed. According to the Standard Natura2000 Site
Design Form ROSCI0319 Mlastina Fetesti, the presence of habitat of conservative interest is
mentioned: 92A0 Zéavoaie cu Salix alba gsi Populus alba. The site was also designated for the
conservation of otter populations - Lutra lutra, European pond turtle - Emys orbicularis, Danube
crested newt - Triturus dobrogicus and The European fire-bellied toad- Bombina bombina. These
are species of fauna characteristic of wetlands in the area.

ROSCI0278 Bordusani - Borcea

Site of Community Importance - 5847.5 ha

The site contains the following habitat classes: Continental freshwater (stagnant, flowing) = 35%,
deciduous forests = 30%, Monoculture forests (poplars or exotic trees) = 25%, Wet semi-natural
meadows = 8%, other lands = 2%. The site functions as an ecological corridor along the Borcea
arm, connecting the sites along the Danube with the Coridorul lalomitei site. The site is also
important for forest habitats (92A0 Zavoaie cu Salix alba si Populus alba.) and aquatic habitats,
as well as for amphibian and reptile populations.

ROSCI0172 Padurea si Valea Canaraua Fetii - lortmac (Canaraua Fetii Forest and Valley -
lortmac)

Site of Community Importance - 13631 ha

The remarkable value of the site is given by the presence of rare flora species, internationally
protected ornithofauna species, mammalian sub-Mediterranean, Balkan and Pontic species,
reptiles and invertebrate species.

The reserve presents floristic species characteristic of the Ponto-Caspian region and the
Macaronesian-Mediterranean region, being reported approximately 1000 species of superior
plants, representing 27% of the Romanian flora. In terms of fauna, the protected natural area
comprises many rare animal species of sub-Mediterranean, Balkan or Pontic origin. The reserve
is particularly important due to the multitude of habitats and rare, protected species that it has,
many of which are migratory bird species that land here due to the climatic conditions. The
characteristic habitats of the reserve are thermophilic forests with Quercus pedunculiflora and
Carpinus orientalis, calcareous steppe areas, caves and swampy areas.

ROSPA0054 Lacul Dunareni (Dunareni Lake)

Avifauna Special Protection Area - 1261.2 ha

Within the perimeter of the site is a mosaic of aquatic and agricultural habitats particularly
important for the nesting, migration and wintering of many species of waterfowl of conservative
interest. The site is home to over 100 species of birds, 35 of which are nationally and
internationally protected. The Danube Lake site offers nesting conditions for birds such as
Ixobrychus minutus, Tadorna ferruginea ruddy shelduck, Aythya nyroca ferruginous duck, Ardea
purpurea purple heron, Ardeola ralloides Squacco heron, Glareola pratincola Collared pratincole.
During the passage, the area is important as a feeding and resting place for the populations of
the species: Pygmy Cormorant Phalacrocorax pygmeus, Eurasian spoonbill Platalea leucorodea,
Ferruginous Duck Aythya nyroca, White stork Ciconia ciconia, Ruff Philomachus hirnax, Common
tern Sterna hirundo etc. During the migration period, the site is home to over 20,000 waterfowl.
In winter, when it is not frozen, Dunareni Lake provides food and resting places for species such
as Pygmy Cormorant Phalacrocorax pygmeus, Red-breasted Goose Branta ruficollis and the
Greater white-fronted goose Anser albifrons.
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On the surface of the sites of the areas of interest for nature protection, in the Area of Influence
of the project there are, according to the data from the management plans of the protected areas
and from the Natura 2000 forms, 17 natural habitats of community interest (Table 3.4.3), from
Annex | of the Habitats Directive. The largest diversity of habitats of conservative interest is found
in the perimeter ROSCI0022 Canaralele Dunarii (15 habitats) and the smallest is recorded in
ROSCI0053 Dealul Allah Bair and ROSCI0319 Mlastina Fetesti [74-80, 48, 54, 66, 68, 69].

Table 3.4.3. Presence of existing habitats in areas of interest for nature protection

Protected area | _ 3 2
b} k= 8, -
s | |3 =% 2 S 8
a |3 5 < S g E
: = = 3 -5
: 2|3 5¢ |2 |52
g | 2 L0 = &L
e | E | & 5o g g ®
B | | = g8 2 33
. o < = > = >
Habitat type a |(© £ g
2 3
[a)
* Ponto-Sarmatic steppe X X | X X X
* Ponto-Sarmatic deciduous bushes
* Ponto-Sarmatic forest vegetation with X
downy oak / eastern white oak forests
Strong oligomesotrophic waters with benthic X
vegetation with Chara spp.
Oligotrophic to mesotrophic standing waters X

with vegetation of Littorelletea uniflorae and
/ or Isoéto-Nanojuncetea

Plain-level watercourses with mountainous X
vegetation with Ranunculion fluitantis and
Callitricho-Batrachion vegetation

Low altitude pastures (Alopecurus pratensis, X

Sanguisorba officinalis)

Galleries of Salix alba and Populus alba X X X
Southern riparian galleries and shrubs X

(Nerio-Tamaricetea and  Securinegion

tinctoriae)

Natural eutrophic lakes with X X
Magnopotamion or Hydrocharition

vegetation

Natural dystrophic lakes and ponds X

Edges of high hydrophilic grasses specific to X X X
plains or mountain to alpine level

Mixed riparian forests of Quercus robur, X X

Ulmus laevis and Ulmus minor, Fraxinus
excelsior or Fraxinus angustifolia, along the
great rivers (Ulmenion minoris)

Pannonian-Balkan forests of Turkey oak - X X X
sessile oak

Euro-Siberian steppe forests with Quercus X X X
spp.

Flooding alluvial meadows, of Cnidion dubii

Rivers with muddy shores with vegetation of | x
Chenopodion rubri p.p. and Bidention p.p.
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Of the 17 habitats of Community conservation interest present in the Sites of Community
Importance in the study area, three are habitats of priority conservation interest:

e 91AA * Ponto-Sarmatic forest vegetation with downy oak / Eastern white oak forests,
found in the following sites: ROSCI0022 Canaralele Dunarii , ROSCI0071 Dumbraveni-
Valea Urluia-Lacul Vederoasa and ROSCI 0172 Padurea si Valea Canaraua Fetii-
lortmac , and ROSCI0278 Bordusani — Borcea;

e 62CO0 * Ponto-Sarmatic steppes, found in 5 of the sites: ROSCI0022 Canaralele Dunarrii ,
ROSCI0053 Dealul Allah Bair, ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa,
ROSCI 0172 Padurea si Valea Canaraua Fetii-lortmac and ROSCI0278 Bordusani —
Borcea;

e 40CO0 * Ponto-Sarmatic deciduous bushes / Ponto-Sarmatic deciduous broadleaf bushes
that are distributed on the surface of the sites: ROSCI0022 Canaralele Dunarii |,
ROSCI0071 Dumbraveni-Valea Urluia - Lacul Vederoasa and ROSCI 0172 Padurea si
Valea Canaraua Fetii - lortmac;

Habitats of priority conservation interest are natural habitats threatened with extinction, and
whose conservation has become a major responsibility, given the percentage of their natural
range.

91AA * Ponto-Sarmatic forest vegetation with downy oak / Eastern white oak forests
Extrazonal forests dominated by downy oak, with sub-Mediterranean flora, occupying warmer
enclaves within the subcontinental areas of Quercion frainetto and Carpinion illyricum. Forests of
Quercus pubescens and Q. virgiliana. The oaks are accompanied by Carpinus orientalis, Fraxinus
ornus, Acer campestre or Tilia tomentosa and sub-Mediterranean floristic elements. Thermophilic
sub-Mediterranean forests of Quercus pubescens and Q. virgiliana in the southern Dinaric
Mountains, the Balkan mountain range and neighboring regions, including southeastern and
southern Romania. In Romania, this type of habitat is found in 24 Natura 2000 areas, occupying
a total area estimated at 23408 ha. This type of habitat is found only in Romania, Bulgaria and
Italy. The characteristic species are Quercus pubescens and Cotinus coggygria.

62C0 * Ponto-sarmatic steppes

The habitat includes deciduous shrubs, characterized by the presence of ponto-Sarmatic species
Caragana frutex, Paliurus spinachristi, jasmine (Jasminum fruticans), with numerous sub-
Mediterranean, Pontic and Balkan floristic elements, phytocenoses with affinities for areas rich in
calcareous salts, adapted to an arid climate, located at the edge of the forest-steppe and the area
of the oak forest. In Romania, this type of habitat is found in 38 Natura 2000 areas, occupying an
estimated total area of 4220 ha. This type of habitat is found only in Romania and Bulgaria.

The characteristic species are: Paliurus spina-christi, Ligustrum vulgare, Cornus mas,
Asphodeline lutea, Paliurus spina-christi, Jasminum fruticans, Rhamnus cathartica, Rhamnus
tinctoria.

40CO0 * Ponto-Sarmatic deciduous bushes / Ponto-Sarmatic deciduous broadleaf bushes

The habitat includes deciduous shrubs, characterized by the presence of ponto-Sarmatic species
Caragana frutex, Paliurus spinachristi, jasmine (Jasminum fruticans), with numerous sub-
Mediterranean, Pontic and Balkan floristic elements, phytocenoses with affinities for areas rich in
calcareous salts, an arid climate located at the edge of the forest-steppe and the area of the oak
forest. In Romania, this type of habitat is found in 38 Natura 2000 areas, occupying an estimated
total area of 4220 ha. The characteristic species are: Paliurus spina-christi, Ligustrum vulgare,
Cornus mas, Asphodeline lutea, Paliurus spina-christi, Jasminum fruticans, Rhamnus cathartica,
Rhamnus tinctoria. This type of habitat is found only in Romania and Bulgaria.

Plants

Eight species of plants of community conservation interest are reported in the Zdl of the project
(ANNEX 5) [66, 67, 69, 72, 81, 82]. In the case of the species 2093 Pulsatilla grandis historically
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reported in the area and found in the standard site map ROSCI0053 Allah Bair Hill, the presence
is uncertain in the study area [44].

2236 Campanula romanica - Bellflower, Habitats Directive - Annexes Il, IV, Berne Convention -
Annex |, GEO 57/2007 - Annex 3, Law 49/2011

DD- deficient data- insufficient data (according to European Red List of Vascular Plants, 2011)
EN- endangered (according to the Romanian Red Book of Vascular Plants, 2009).

In Zdl the species is reported in the sites ROSCI0022 Canaralele Dunarii and ROSCI0053 Dealul
Allah-Bair. Endemic species for Dobrogea. Xerophyte and saxicolous species. It grows in the
cracks of limestone or granitic rocks, at altitudes of 200-300 m. Vegetation of rocks in Dobrogea.
It is considered an element of Dobrogea (of the rocks areas) located only in Romanian Dobrogea,
in quite poor populations. Given that it has been mentioned quite frequently in different localities
in Dobrogea, it can be considered that it has a stable population.

2253 Centaurea jankae - Pannonian knapweed, Habitats Directive - Annexes Il, IV

In ZdI the species is reported in ROSCI0071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake). Herbaceous plant, solitary or numerous stems,
up to 100 (120) cm high, edged, furrowed, simple or branched from the middle upwards. Glacial
relic for Romania, endemic for Dobrogea (it is present only in Dobrogea). Indigenous,
spontaneous species, important for Dobrogea, mentioned in the Red List of Superior Plants of
Romania (Oltean & al. 1994), a species of community interest.

6927 Himantoglossum jankae- Lizard orchid Habitats Directive - Annexes I, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, Law 49/2011

In ZdI the species is reported in ROSCIO072 Padurea si Valea Canaraua Fetii-lortmac. 30 - 110
cm tall plant, from the Orchidaceae family. Perennial species, xeromesophilous, subtermophilous,
spread sporadically in steppe - forest-steppe areas, through bushes, glades and forest edges,
grassy shores, on calcareous soil.

1428 Marsilea quadrifolia - Water clover - Habitats Directive - Annexes I, IV, Berne Convention
- Annex |, GEO 57/2007 - Annex 3, Law 49/2011

In Zdl the species is reported in ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa and
ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac. It is spread on the edge of eutrophic lakes,
stagnant waters and lowland swamps, in shallow water - up to 40-50 cm.

2079 Moehringia jankae - Sandwort apetal - Habitats Directive - Annexes Il, IV, DD- Data
Deficient- Insufficient data (according to the European Red List of Vascular Plants, 2011) VU-
vulnerable (according to the Romanian Red Book of Vascular Plants, 2009)

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii. This is an element of Dobrogea
. Endemic European located in the western part of the Black Sea. It is a light, thermophilic plant
of dry soils. It is a calciphile plant. Scio-saxicola.

The area is extremely limited. The species is native to Bulgaria and Romania. The species is
considered endemic to Europe, an element of Dobrogea. It is mentioned especially in the northern
part of Dobrogea (Tulcea County) to Harsova. It is very rare, taxonomically close to M.grisebachii
with which it can be easily confused, especially since they are in the same area.

6948 Pontechium maculatum subsp. maculatum /is synonymous with Echium russicum -
Red-flowered viper's grass - Habitats Directive - Annexes Il, IV, Berne Convention - Annex |, GEO
57/2007 - Annex 3, Law 49/2011

In Zdl the species is reported in ROSCIO071 Dumbraveni-Valea Urluia-Lacul Vederoasa and
ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac. It is spread through steppe meadows and
bushes, orchards and meadows, from the plain area to the oak floor.

Widespread throughout the country. Rare species in Dobrogea, reported from: Macin, Greci,
Luncavita, Telita, Malcoci, Teche, Platoul Babadag, Dobromir, Canaraua Fetii, Esechioi, Hagieni
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and Padurea Dumbraveni. Uncertain presence in the site ROSCIO172 Padurea si Valea
Canaraua Fetii - lortmac according to the data from the site management plan.

2125 Potentilla emilii-popii - Five fingers plant - Habitats Directive - Annexes I, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, Law 49/2011

In Zdl the species is reported in ROSCI0053 Dealul Allah Bair, ROSCIO071 Dumbraveni-Valea
Urluia-Lacul Vederoasa and ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac. Dobrogean
subendemism, widespread in northeastern Bulgaria and southeastern Romania. Widespread in
and the reservations of Padurea Dumbraveni, Padurea Canaraua Fetii, Padurea Esechioi, Dealul
Alah Bair, Padurea Hagieni, Independenta.

2093 Pulsatilla grandis - Greater Pasque Flower - Habitats Directive - Annexes Il, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, Law 49/2011

In Zdl the species is reported in ROSCI0053 Allah Bair Hill. It is a heliophilous species, which
grows in mountainous and hilly areas, in meadows, on branches, on dry, neutral soils, poor in
nitrogen.

The species is considered uncertain for the Romanian flora. There is no credible confirmation of
the species' presence in Zdl.

INVERTEBRATES

The Zdl of the project lists 10 species of invertebrates of Community conservation interest
(ANNEX 6) [55, 66, 67, 69, 72, 81, 82]. The description of the species was made based on the
consultation of the specialized literature.

4056 Anisus vorticulus - Lesser ramshorn snail - Habitats Directive - Annexes Il, 1V, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, 4A

In Zdl the species is reported in ROSCI0022 Canaralele Dunarii. Species widespread in Central
Europe in Russia to Obi, then in Sweden (Terrier et al. 2006). It seems that the only complex of
aguatic ecosystems specific to Anisus vorticulus, where the effects of habitat fragmentation have
not been manifested, would be Rezervatia Biosferei Delta Dunarii (the Danube Delta Biosphere
Reserve).

4028 Catopta thrips - Steppe carpenter moth - Habitats Directive - Annexes Il, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, 4A

In Zdl the species is reported in ROSCIO071 Dumbraveni-Valea Urluia-Lacul Vederoasa. The
populations of Romania are extremely isolated, distributed in the Transylvanian Plain, Moldova
and Dobrogea.

1088 Cerambyx cerdo - the Great capricorn beetle - Habitats Directive - Annexes Il, 1V, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, 4A

In Zdl the species is reported in ROSCI0072 ROSCI0072 Padurea si Valea Canaraua Fetii-
lortmac. It is one of the largest beetles in Europe (24-55 mm long). In Romania it is found
sporadically throughout the country. In addition to the continental, steppe and low alpine
bioregions, the species has also been reported near Timisoara, in the Pannonian bioregion
(Serafim, 2009).

1074 Eriogaster catax - Eastern eggar - Habitats Directive - Annexes I, IV, Berne Convention -
Annex |, GEO 57/2007 - Annex 3, 4A

In ZdI the species is reported in ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac and
ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa. In Romania it is more common in Banat,
Crigana and Transylvania. It is not present in Moldova, Muntenia and the Danube Delta. It is very
rare in Dobrogea, where it is found only in the southwest (Canaraua Fetii and Padurea Esechioi).

6169 Euphydryas maturna - Scarce fritillary - Habitats Directive - Annexes I, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, 4A

B
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In Zdl the species is reported in ROSCI0O072 Padurea si Valea Canaraua Fetii-lortmac. In
Romania it is known to be present in Banat, Crisana, Transylvania, Muntenia (lowland area
around Bucharest), northern Moldova and Dobrogea. It is missing from the Danube Delta and
from mountainous areas higher than 800 meters. According to some authors, the populations
from Dobrogea belong to the endemic subspecies Euphydryas maturna opulenta [62],
morphologically and genetically differentiated from the other populations on the Romanian
territory.

6199 Euplagia quadripunctaria - Jersey tiger - Habitats Directive - Annexes Il, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, 4A

In Zdl the species is reported in ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac. It is
widespread in Romania except in the Danube Delta, where it is not yet known, although there are
nearby populations in northern Dobrogea (at Enisala). Consequently, the presence of this species
in the Danube Delta is not impossible. It is missing from the high mountain areas, at altitudes
higher than 1,200 m.

1083 Lucanus cervus - Radasca - Habitats Directive - Annexes Il, IV, Berne Convention - Annex
I, GEO 57/2007 - Annex 3, 4A

In ZdI the species is reported in ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac and
ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa. In Romania it is common throughout the
country, except for the high alpine area. The species is also present in the Black Sea bioregion,
in the Letea and Caraorman forests.

1060 Lycaena dispar - large copper - Habitats Directive - Annexes Il, IV, Berne Convention -
Annex |, GEO 57/2007 - Annex 3, 4A

In ZdI the species is reported in ROSCI0072 Padurea si Valea Canaraua Fetii-lortmac and
ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa. It has been reported throughout
Romania, being a widespread and relatively common species. However, it is missing from the
mountain areas, at altitudes of over 1,200 meters.

4053 Paracaloptenus caloptenoides - Paracaloptenus caloptenoides - Habitats Directive -
Annexes I, IV, Berne Convention - Annex |, GEO 57/2007 - Annex 3, 4A

In Zdl the species is reported in ROSCIO072 Padurea si Valea Canaraua Fetii-lortmac. In
Romania it is found in the south and east of the country.

4043 Pseudophilotes bavius - Bavius blue - Habitats Directive - Annexes Il, IV, Berne
Convention - Annex |, GEO 57/2007 - Annex 3, 4A

In Zdl the species is reported in ROSCI0O072 Padurea si Valea Canaraua Fetii-lortmac. In
Romania there are 2 subspecies: Pseudophilotes bavius hungarica, widespread in Transylvania
(the most stable population is that of Suatu) and Pseudophilotes bavius egea, widespread only in
central and southern Dobrogea, with only five populations known so far [46, 63, 64].

Fish

The ZdI of the project reports 15 species of fish of Community conservation interest (ANNEX 3)
[40, 41, 42, 43, 66, 67, 69, 72, 81, 82].

14691 Alosa immaculata - Pontic shad, Habitats Directive - Annexes Il and V, GEO 57/2007 -
Annex 3, 5A

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii. The Pontic shad is a relatively
small clupeid, the average body length being between 25 and 35 cm.

It is found all along the coast, and in the Danube along its route during the breeding season.
Currently, its migration stops at the Portile de Fier dam. It often reaches above Calarasi, rarely to
Bazias. In winter, they gather in front of the mouth of the Danube, waiting for the water to reach
a temperature of at least 6 degrees Celsius in order to enter the river. Alosa immaculata
undertakes annual migrations in the perimeter of the protected natural area, during March-July,
in order to reproduce.
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4127 Alosa tanaica - Black Sea shad, Habitats Directive - Annexes Il and V, GEO 57/2007 -
Annex 3, 5A

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii. The Black Sea shad can be
found throughout the Black Sea coast, in the Danube (up to Calarasi) and its floodplains, as well
as in the Razim-Sinoe lagoon complex.

1130 Aspius aspius- Asp, Habitats Directive - Annexes Il and V, GEO 57/2007 - Annex 3.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0072 Padurea si Valea
Canaraua Fetii-lortmac and ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa.The Asp is
considered a common and widespread species in Romania. It is found mainly in the following
aguatic ecosystems: Danube (respectively in all floodplain and delta ponds), Complexul Razelm,
coastal lakes, Tisa, Somes, Crisul repede, Mures, Bega, Timis, Cerna, Jiu, Olt, Vedea, Arges,
Neajlov, lalomita, Siret, Prut, Suceava, Moldova, respectively Bistrita.

6963 Cobitis taenia Complex - Spined loach, Habitats Directive - Annexes Il, GEO 57/2007 -
Annex 3.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii and ROSCI0071 Dumbraveni-
Valea Urluia-Lacul Vederoasa. According to BANARESCU (1964) [39], the Spined loach is mainly
distributed in the following rheophilic aquatic ecosystems: Danube, Tur, Somesul Mic, Nadas,
Gadalin, Somes, Crasna, Moca, Beretau, Crisul Repede, Petea, Crisul Negru, Crisul Alb,
Risculita, Mures, Corunca, Aries, Tarnava, Valea Cladovei, Aranca, Begaberegsau, Niarad, ler,
Timis, Surgan, Pogonici, Caras, Cerna, Jiu, Gilort, OIt, Hartibaci, Oltet, Tezlui, Vedea, Arges,
Dambovita, Colentina, Neajlov, lalomita, Calmatui, Siret, Prut, Suceava, $omuz, Moldova, Bistrita
Moldoveneasca, Miclov, Barlad, Buzau etc.

2484 Eudontomyzon mariae - Ukrainian brook lamprey, Habitats Directive - Annexes I, GEO
57/2007 - Annex 3.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii.

Rheophilic species that prefers flowing waters in the mountainous and sub-mountainous areas.
Basin of the River Jiu (Gilort and Motru), Basin of the River Olt, Basin of the River Arges (Valsan,
R&ul Doamnei, Bratia and Ilfov), Basin of the River Siret (Suceava, Moldova, respectively their
tributaries), Danube (Giurgiu-Calarasi sector) and Danube arms.

2555 Gymnocephalus baloni - Balon's ruffe, Habitats Directive - Annexes Il and IV, GEO
57/2007 - Annexes 3 and 4A.

In Zdl the species is reported in ROSCI0022 Canaralele Dunarii. It lives near the substrate, in
deep but well oxygenated water. In Romania, the Balon's ruffe is found on the Danube, as well
as in Mures, the three Cris rivers, Timis, Somes, lalomita, Arges, Olt, Vedea.

1157 Gymnocephalus schraetzer - The schraetzer, Habitats Directive - Annexes Il and V,
GEO 57/2007 - Annex 3.

In Zdl the species is reported in ROSCI0022 Canaralele Dunarii. In Romania the schraetzer is
found all along the Danube, from the river entering the country to the outflow. It is also found on
the lower course of the rivers: Mures, the three Crig rivers, Bega, Timisg, Siret, Prut. It seems to
have disappeared from the OIt and Barcau rivers.

1145 Misgurnus fossilis - The weatherfish, Habitats Directive - Annexes Il, GEO 57/2007 -
Annex 3.

In ZdlI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0072 Padurea si Valea
Canaraua Fetii-lortmac and ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa. In
Romania, the species is present in most stagnant hilly and lowland waters, in the slow sectors
and dead arms of rivers, up to the mountainous area. The literature indicates the presence of the
weatherfish in the following aquatic ecosystems: Danube, Danube Delta, Razelm lagoon
complex, Siutghiol and Tabacarie coastal lakes, Somesul Mic basin, Crasnei, Petea river, Cris
collector canal, Tarnava, Aranca river, Bega, ler, Timis, Jiu basin, Olt basin, Arges, Neajlov,
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Dambovita, Colentina, Mostistea, lalomita, Siret, Suceava, Somuz, moldavian part of Bistrita river,
Buzau basin, Barlat, Prut, respectively in all the ponds near the above rheophilic aquatic
ecosystems.

2522 Pelecus cultratus - Ziege, Habitats Directive - Annexes Il and V, GEO 57/2007 - Annex
3.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0072 Padurea si Valea
Canaraua Fetii-lortmac and ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa. It prefers
stagnant and flowing waters (rheophilic-stagnophilic species). The Ziege is found in the following
rheophilic aquatic ecosystems: Danube (from the entrance to the country, to the outflow), Somes,
Mures, Bega, Timis, Olt, lalomita, Siret and Prut.

5339 Rhodeus amarus - European bitterling, Habitats Directive - Annexes Il, GEO 57/2007 -
Annex 3.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0072 Padurea si Valea
Canaraua Fetii-lortmac and ROSCI0071 Dumbraveni-Valea Urluia-Lacul Vederoasa. According
to BANARESCU (1964) [39], the European bitterling is found in the following rheophilic aquatic
ecosystems: Danube, Tisa, |za, Sighet, Tur, Somesul Mare, Somesul Mic, Crasna, Beretau, Crisul
Repede, Crisul Negru, Crisul Alb, Risculita, Crig collector canal, Toplita, Tarnava Mare, Aries,
Strei, Bega, Timis, Surgan, Poganici, Caras, Nera, Cerna, Jiu, Olt, Arges, Dambovita, Sabra,
lalomita etc.

6143 Romanogobio kesslerii - Kessler's gudgeon, Habitats Directive - Annexes Il, GEO
57/2007 - Annex 3.

In Zdl the species is reported in ROSCI0022 Canaralele Dunarii. According to BANARESCU
(1964) [39], Kessler's gudgeon is mainly distributed in rheophilic aquatic ecosystems: Tur,
Somesul Mare, Somesul Mic, Somes, Beretau, Crisul Repede, Mures, Aries, Tarnava Mare,
Sebes, Beriu, Strei, Cerna, OIlt, Sambata, Cibin, Hartibaciu, Olanesti, Oltet, Vedea, Siret,
Suceava, Somuz, Moldova and Trotus.

5329 Romanogobio vladykovi - Danube whitefin gudgeon, Habitats Directive - Annexes |,
GEO 57/2007 - Annex 3.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0072 Padurea si Valea
Canaraua Fetii-lotmac and ROSCIO071 Dumbraveni-Valea Urluia-Lacul Vederoasa. The
Danube whitefin gudgeoni is mainly distributed in the following rheophilic aquatic ecosystems:
Danube, Tur, Somes, Crasna, Beretau, Crisul Repede, Crisul Negru, Crisul Alb, Teuz, Mures,
Tarnava, Bega, Timis, Barzava, Caras, Berzeasca Olt, Vedea, Arges, lalomita, Siret and Prut.

5347 Sabanejewia bulgarica - Golden Loach, Habitats Directive - Annexes Il and V, GEO
57/2007 - Annex 3.

In Zdl the species is reported in ROSCI0022 Canaralele Dunarii. The Golden Loach is spread
mainly in the following rheophilic aquatic ecosystems: Tisa, Viseu, lza, Tur, Crasna, Somesul
Mare, Somesul Mic, Bistrita, Somesul Cald, Somesul Rece, Capusul, Somes, Crisul Repede,
Crisul Negru, Crisul Alb, Mures, Aries, Tarnava Mare, Sebes, Strei, Cerna, Bega, Timig, Barzava,
Nera, Minis, Cerna, Topolnita, Jiu, Olt, Siret, Suceava, Moldovita, Bistrita Moldoveneasca, Prut.

1160 Zingel streber - Danube streber, Habitats Directive - Annexes Il and V, GEO 57/2007 -
Annex 3.

In ZdlI the species is reported in ROSCI0022 Canaralele Dunérii. In Romania, the Danube streber
is found in the following watercourses: Danube (from the entrance to the country to the outflow),
Tisa, lza, Viseu, Tur, Somes, the Cris rivers, Mures, Bega, Timis, Nera, Cerna, Jiu, Motru, Siret,
Moldova, the moldavian part of the river Bistrita, Prut.

1159 Zingel zingel - Zingel, Habitats Directive - Annexes V, GEO 57/2007 - Annex 3, 4A, 5A.

In ZdI the species is reported in ROSCI0022 Canaralele Dunairrii. It prefers areas with deep, clear
water and strong currents. The Zingel is benthic, usually found among rocks. The Zingel is known
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to exist in the Danube (from the entrance to the country until the outflow), the three Cris rivers,
Somes, Somesul Mare, Mures, Bega, Timis, Jiu, Olt, Siret, Prut.

Amphibians

In Zdl of the project are reported 2 species of amphibians of community conservation interest
(ANNEX 8), [42, 49, 65, 66, 67, 69, 72, 81, 82].

1188 Bombina bombina - The European fire-bellied toad, Habitats Directive - Annexes I, 1V,
GEO 57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0172 Padurea si Valea
Canaraua Fetii-lortmac, ROSCI0278 Bordusani - Borcea, ROSCI0071 Dumbraveni-Valea Urluia-
Lacul Vederoasa and ROSCI0319 Mlastina de la Fetesti. In Romania the species can be found
in all regions and areas. It generally prefers larger ponds, permanent or semi-permanent, with
rich marsh vegetation, swampy areas, but also slowly flowing waters (such as springs or irrigation
canals).

1993 Triturus dobrogicus - Danube crested newt - Habitats Directive - Annex II, GEO 57/2007
- Annex 3, 4A.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii , ROSCI0071 Dumbraveni-Valea
Urluia-Lacul Vederoasa and ROSCI0319 Mlastina de la Fetesti. In Romania, the species can be
found from the plain area up to 250-300 m, in the southeast, south and west of the country.

Reptiles

In ZdI of the project are reported 4 species of reptiles of community conservation interest (ANNEX
9), [42, 49, 65, 66, 67, 69, 72, 81, 82].

5194 Elaphe sauromates - The Blotched snake - Habitats Directive - Annex Il, IV, GEO
57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake), ROSCI0172 Padurea si Valea Canaraua Fetii-
lortmac and ROSCI0412 lvrinezu. In Romania, the species can be found in the low hilly areas in
the southeast of the country (it is possible to be present in the plain areas). It prefers open habitats
or with rare arboreal-shrubby vegetation, shrubs, weeds, etc. It is usually found in wetter areas.
It is sheltered under piles of stones, stone walls, or in bushes.

1220 Emys orbicularis - European pond turtle Habitats Directive - Annex I, GEO 57/2007 -
Annex 3, 4A.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0071 Dumbraveni-Valea
Urluia-Lacul Vederoasa, ROSCI0172 Padurea si Valea Canaraua Fetii-lortmac, ROSCI0278
Bordusani-Borcea and ROSCI0319 Mlastina de la Fetesti.

In Romania the species can be found in all regions of the country, from lowlands to areas located
at about 700 m alt. It prefers aquatic habitats (ponds, lakes, smooth rivers) in plain and hilly areas,
with grassy and bushy vegetation on the shore, with aquatic vegetation and with important
populations of fish and aquatic invertebrates. It is sensitive to water quality, not being found in
polluted waters.

1219 Testudo graeca - Greek tortoise- Habitats Directive - Annex Il, IV GEO 57/2007 - Annex
3, 4A.

In ZdI the species is reported in ROSCI0071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake), ROSCI0172 Padurea si Valea Canaraua Fetii-
lortmac and ROSCI0412 Ivrinezu. In Romania, the species can be found on the Dobrogean
continental shelf and the ridges in the south of the Razim-Sinoie complex.

1217 Testudo hermanni - Hermann's tortoise -Habitats Directive - Annex Il, IV GEO 57/2007 -
Annex 3, 4A.

B
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In Zdl the species is reported in ROSCIO071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake) and ROSCI0172 Padurea si Valea Canaraua
Fetii-lortmac. In Romania, the species can be found in the southeast of Banat, in the east of
Oltenia, in the southwest of Dobrogea.

Mammals

In the Zdl of the project, nine species of mammals of community conservation interest are
reported (ANNEX 10), [42, 54, 66, 67, 69, 72, 81, 82].

1355 Lutra lutra - Eurasian otter - Habitats Directive - Annex I, IV GEO 57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii, ROSCI0071 Dumbraveni-Valea
Urluia-Lacul Vederoasa, ROSCI0172 Padurea si Valea Canaraua Fetii — lortmac, ROSCI0319
Mlastina de la Fetesti. The size of the Eurasian otter population at national level is estimated at
about 3000 specimens, the tendency being to increase. The Eurasian otter is the largest semi-
aguatic mustelid in Romania.

2609 Mesocricetus newtoni - Dobrudja hamster- Habitats Directive - Annex I, IV GEO
57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake), ROSCI0022 Canaralele Dunarii, ROSCI0353
Pestera - Deleni, ROSCI0412 Ivrinezu. A species with limited distribution, being a Balkan
endemism, which occurs only in Romania and Bulgaria, in low areas along the right bank of the
lower Danube [51, 56]. In Romania, the area of the species is restricted to Podisul Dobrogei,
being reported only in 28 locations in Tulcea and Constanta counties, and there is no recent data
on the exact distribution of the species (Sandor DA unpub). There are no long-term assessments
of the population trend, but the trend is declining. The decline of the population is mainly caused
by the reduction and deterioration of habitats as a result of intensive agriculture [59]. The national
population size is estimated at about 2000 specimens.

1310 Miniopterus schreibersii - Common bent-wing bat - Habitats Directive - Annex I, IV GEO
57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake) and ROSCI0172 Padurea si Valea Canaraua
Fetii-lortmac.

1321 Myotis emarginatus - Geoffroy's bat - Habitats Directive - Annex Il, IV GEO 57/2007 -
Annex 3, 4A.

In ZdI the species is reported in ROSCI0172 Padurea si Valea Canaraua Fetii-lortmac.
It is a species of medium size, body length 41-53 mm, forearm 36-42 mm.

1304 Rhinolophus ferrumequinum - The greater horseshoe bat - Habitats Directive - Annex
I, IV GEO 57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0172 Padurea si Valea Canaraua Fetii-lortmac.

The species is widespread in the South Plearctic - Central Asian-European corotype - and
throughout Europe.

1303 Rhinolophus hipposideros - The lesser horseshoe bat - Habitats Directive - Annex II, IV
GEO 57/2007 - Annex 3, 4A.

In Zdl the species is reported in ROSCIO071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake) and ROSCI0172 Padurea si Valea Canaraua
Fetii-lortmac.

Western Area - Palearctic and Marginal Afrotropical Turanic - European Mediterranean corotype
and the whole of Europe.

1302 Rhinolophus mehelyi- Méhely's horseshoe bat- Habitats Directive - Annex Il, IV GEO
57/2007 - Annex 3, 4A.
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In Zdl the species is reported in ROSCIO071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake) and ROSCI0172 Padurea si Valea Canaraua
Fetii-lortmac.

SV -Palearctic distribution -Mediterranean corotype- and the whole of Europe.

1335 Spermophilus citellus- European ground squirrel - Habitats Directive - Annex Il, IV GEO
57/2007 - Annex 3, 4A.

In ZdI the species is reported in ROSCI0022 Canaralele Dunarii , ROSCI0071 Dumbraveni-Valea
Urluia-Lacul Vederoasa, ROSCI0172 Padurea si Valea Canaraua Fetii-lortmac, ROSCI0353
Pestera- Deleni, ROSCI0412 Ivrinezu.Endemic species, widespread in Central and Southeastern
Europe, at altitudes between 0 and 2500 m, the species area being geographically separated
from the Carpathian Mountains in two areas, the northwestern part in the Czech Republic, Austria,
Slovakia, Hungary, northern Serbia and Montenegro, and western Romania, and the
southeastern part of southern Serbia, Macedonia, Greece, Turkey (Balkan Peninsula), Bulgaria,
southern and eastern Romania, Moldova, and Ukraine. The species is extinct in Croatia and
Germany, and reintroduced to Poland. In Romania it has a discontinuous spread, totally missing
from the Transylvanian plateau and from other restricted areas. It is found outside the Carpathian
arc to the borders of the country, in Moldova, Muntenia, Oltenia, Dobrogea, Banat, Crisana, at
altitudes up to 450 m (Pietricica - Piatra Neamt hill) [44, 47, 61]. It is currently declining in Europe,
and especially in the northern, north-western and southern parts of the range, with populations
being fragmented. Population decline is mainly caused by habitat reduction and deterioration, as
a result of infrastructure development, road traffic, conversion of pastures to agricultural land,
intensive agriculture and abandonment of pastures by their gradual transformation into shrubs /
tall grassy vegetation (Ben Shlimen et al., 2011, Krystufek and Bryja 2009).

2635 Vormela peregusna - Marbled polecat- Habitats Directive - Annex Il, IV GEO 57/2007 -
Annex 3, 4A.

In Zdl the species is reported in ROSCIO071 Dumbraveni - Valea Urluia - Lacul Vederoasa
(Dumbraveni - Urluia Valley - Vederoasa Lake) and ROSCI0172 Padurea si Valea Canaraua
Fetii-lortmac. In Romania it is found only in Dobrogea, with fragmented distribution, with several
small populations in the southern and northern extremity of Constanta county, respectively in the
north, southwest and east of Tulcea county. There are a total of 28 locations with marbled polecat
sightings [58]. The marbled polecat national population is estimated at about 500 specimens [58].

Birds

The ZdI of the project lists 169 bird species, of which 70 are of Community conservation interest
and are listed in Annex 1 of the Birds Directive. (ANNEX 11) [41, 42, 50, 52, 57, 60, 66, 67, 68,
70, 71, 72, 73, 81, 82].

Bird species listed in Annex | to Council Directive 79/409 / EEC which are found in the
standard records of Natura 2000 sites in the Zd|

A402 Accipiter brevipes - Levant sparrowhawk - Birds Directive - Annex |, IV GEO 57/2007 -
Annex 3, 4A.

It prefers mosaic habitats where there is no lack of forest bodies alternating with shrubs,
agroecosystems and meadows. Intensification of agriculture and degradation of favorable
habitats are the main dangers affecting the species.

A293 Acrocephalus melanopogon - Moustached warbler - Birds Directive - Annex |, IV GEO
57/2007 - Annex 3, 4A.

The main threats are habitat degradation, drainage, uncontrolled fires over very large areas,
especially in the spring, the intensification of agriculture have a limiting effect on the species.

A229 Alcedo atthis - Common kingfisher - Birds Directive - Annex I, IV GEO 57/2007 - Annex
3, 4A.
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Limiting factors are correlated with those that cause the degradation of riparian and wetland
habitats.

A255 Anthus campestris - Tawny pipit - Birds Directive - Annex I, IV GEO 57/2007 - Annex 3,
4A.

At European level, populations are considered to be declining significantly due to intensive
agricultural practices, the chemicalization of agriculture, the burning of stubble, and profound
habitat changes.

A404 Aquila heliaca - Eastern Imperial Eagle - Birds Directive - Annex |, IV GEO 57/2007 -
Annex 3, 4A.

Very rare species with an isolated distribution in the west, south and southeast of the country with
a nesting population estimated i