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INTRODUCTION

This report ispreparedin accordance with théeuropean Nuclear Safety Regulators
Group ENSRBEGequirements for performing comprehensive risk and safety assessment in
the light ofthe Fukushima accident

Turkey has currently no nuclepower plansin operation. Ngotiations b build a NPP
at Akkuyusite in Turkey started with the Russian Federation in February 2010 and concluded
with an Intergovernmental Agreement based on a Blan-Operate model. The Agreemt
was signed on May 12, 201«Sf @Ay 3 2y G(GKS | ZleEBBow& yiark a! 11
Electricity Generation Joiftock Company (Akkuyu Project Comp@kiC)soon changed his
title to Akkuyu Nuclear J3@espmsible for the constructiomperationand decommissioning
of 4 units WatesfWater Energetic Reactor, VVER, of each to produc® M\ power, was
established The nuclear regulatory body of Turkey, Turkish Atomic Energy Authority (TAEK),
recognized APC as the owner (hereafter referred to as Applicarfebruary 7, 2011

The Akkuyu Site on the Mediterranean coast was granted a site license for building a

Nuclear Power Plant (NPP) in 197620117 this site was allocated topplicantas specified in
the Intergovernmental Agreement. Applicant started site investigations Akkuyu for
updating the site characteristics and parameters according to the national procedures laid out
in the Decree on Licensing of Nuclear Installatifitjs Upon completion of updating the
information on the characteristics and parameters of the siBite Parameters Report is
presented by the Applicant to TAEK. Site Parameters Report also includes the results of
detailed site investigations performed at the RIBite and the precise values of the project
parameters.On Februaryd, 2017 project parameters are approved by Turkish Atomic Energy
Authority in accordance with the relevant articles of the Decree

On March2, 2017 Applicant applied faronstructionlicense of Akkuyu NPP UnitAs
the results of review and assessment of the application, limited work pemaggiven to
Applicant for Akkuyu NPP Unit 1 at the T4eeting of Atomic Energy Commission on
October 19, 2017.

With the limiting work permitthe Applicant is allowed tproceed with the installation
of structural foundations of reactor and environmental safety related buildings and facilities
and construction of other structures, systems and components in accordance with the Decree.

On April 22018, construction license is granted for the Akkuyu NPP Unit 1 based on the
application ofthe Applicantoy the decision number 148/2 of the Atomic Energy Commisssion
on March 30, 2018, in accordance with the Law on Turkish Atomic Energy Authority and
related regulations.

According tadhe Decee onitensing of Nuclear Installationsperation and construction
licenses for nuclear facilities can be issued based on generajpauadfic conditions. So, there
are also general and specitionditions as integral part of the construction license of Akkuyu

NPP Unit 1. The license conditions are mainly related to thaildetiesign of the plant issues
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to be finalized during the operation licenphase. The license conditions are being fulfilled by
the Applicantand foreseen to be fully fulfilled before operation license. Therekome of
the topics mentioned in this rept will be detailed beforeperation phase of the plant.

On June 22, 2018 Applicant applied for construction license of Akkuyu NPP Unit 2. As
the results of review and assessment of thepkgation, limited work permit wagiven to
Applicant for Akkuyu NPP Urfitat the 149" meeting of Atomic Energy Commission on
November 30, 2018.

The Stress Tests National Report of Turkey, which included evaluations of the regulatory
body and comments of the relevant bodiesf Turkey (Ministry of Energy and Natural
Resources of Turkey and Ministry of Foreign Affairs). The finalized report was sent to the
European Commission on June, 2012.

hy hOG20SN] HpEX Hnanmo (GKS a{GNBaa c¢Sada ¥F2I
Countries: Expegnce and FollovdzL) YSSiAy3 61+ a KSEtR Ay [dzESYO:
and Applicant delegations presented their findings about the National Report of Turkey and
requested the Report to be published at the ENSREG website. Also it was stated that Akkuyu
Project was in an early stage to have the peer review and in the developing phases a peer
review would be considered. After the meeting, Stress Tests National Report of Turkey was
published in ENSREG website among the neighboring countries.

After ApplicanQ & | LILX AOIF A2y F2NJ O2yad NizOGAzy € A0
updating the Stress Tests National Report of Turkey was started.

Revision 2 of the Stress Tests National Report of Turkey is prepared based on the
I LILIE A Ol VIARYRNBURNE A K ! 4§2YAO 9ThSrddares bdsetziprk 2 NR& G &
input data from the Site Parameters Report, Preliminary Safety Analysis Report and
Probabilistic Safety Analysis Report of Akkuyu NPP Unit 1.

Thisreport containsmainlyseventopical areas in conformity witthe ENSREGuidance
for the content and format ofNational Reportsand additionally an introductory chapter on
¢dzNJ SeQa fS3aAraft |l (A D Shefirgt Bhapwbiftizes gergeddBnforfadl Y S g 2 N
about the site and the plant design. In Chapt2y8 and 4site and design features related to
external eventsncludingearthquakes, floods and extreme weather conditionshi@ Akkuyu
site arepresentedrespectively The information on the scenarios involving loss of electrical
power and loss of ultimate heat sink aprovided in Chapter 5. Chapter 6 focuses on
evaluation of actions considered in preliminary design documents and reference plant design
to prevent severduel damage in the reactor core and spent fuel paol alsothe plant
response and the effectiveness of the preventive measures to be implemented in severe
accident management strategies.
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LEGISLATIVE AND RESTORY FRAMEWORKIIBRKEY

General Infemation on Legal Framework

Turkish regulatory structure is composed of laws, international treaties, decree laws,
regulations, guides and standards. The hierarchical pyramid of Muegsslation structure is
presentedin Figurel.

¢dzNJ SeQa fS3IAAtLFGABS YR NBIdzE I G§2NB FNIF Y
facilities are utilized and nuclear activities are performed with proper consideration for health,
safety,security and protection of people and the environment. In this respect, Turkey signed
and/or approved international agreements and conventions, a list of which is given in Annex
l.

-
;\[an(iatory BN
DECREE
: LAWS
REGULATIONS \
Mandatory REGULATORY POLICY
or DECISIONS AND
Guidance RECOMMENDATIONS
Guidance SAFETY GUIDES

/ INDUSTRIAL CODES AND STANDARDS \

Figurel Hierarchy ofegislation in Turkey
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Altough it is not shown ikigurel, according to Article 90 of Constitution of the Republic
of Turkeyinternational agreements duly put into effect have the forcdani. Therefore, they
are also a part of the Turkish legislation. In this regard:

- Turkey is party to the Convention on Nuclear Safety.

- As a nomuclear weapon state party to the NPT, Turkey has established a system of
accounting for and control of nuehr materials based on the Safeguards Agreement and the
Additional Protocol with the IAEA. Turkey has received an ISSAS mission of IAEA in June 2010,
who reviewed this system with respect to the requirements of the Safeguards Agreement and
the Additional PPotocol.

- Turkey is also party to the Convention on Physical Protection of Nuclear Material and
Nuclear Facilities implemented its requirements in national regulations. Current regulations
are under revision to introduce latest changes to these systems.

Regulatory Infrastructuren Turkey (Before July of 2018)

The main Turkislegal instrumenbn nuclear installationsthed [ 6 2y ¢ dzNJ A a K
9y SNHe& | dhickestsflishes ¢he Turkish Atomic Energy Authority as a regulator for
nuclear and radition facilities and activities on safety, security and safeguards, and as a
research and development organization in nuclear technologyradiation applications, etc.

TAEK reports to the Ministry of Energy and Natural Resources in accordance witlcigierde
of the Cabinet of MinisterdOn the other handthe decision of TAEK on licensing of nuclear
installationsis not subject to approval of Ministry of Energy and Natural Resources.

G@he5 SONBES 2y [ AOSyaAy dis theBectnd4tigh &velNdsttunient’ | € |
regarding nuclear safety, security and radiation proteciiomuclear installationsRules and
procedures related to the licensiy ¥ y dzOft SI NJ AyadltfliA2ya | NB
[ AOSYyaAy3 2F bdzOf SINJ LyaidlftlraAazyaeds SyiaSNBR
licenses to be obtained, requirements for applications to these permits and licenses, including
lists of documents to be submitted, review and assessment procedures, the responsible
entities within TAEK for each authorization, approval mechanisms for modifications during
construction and operation; and authorizes TAEK for inspecting the installations tloaiugh
their lifetime and enforcing penalties such as limiting, suspending and revoking the
licensed. Yy 2 U KSNJ AYLRZNIFYy G NBIdzZ F G2NB R20dzYSyid A a
bdzOtft SINJt 2SN tflyda¢eés ¢KAOK lidensidgbasss @aiNPBSK S LIN.
Principles state that the issues insufficiently addressed by existing Turkish regulations on
nuclear safety shall be covered by requiring compliance with the IAEA Safety Fundamentals,
the Safety Requirements. If the provisions t@ned herein are insufficient, regulations of the
vendor or designer country and the, particularly, safety fundamentals and safety
requirements shall applied. For remaining issues, third party country laws, regulations,
standards, or IAEA the Safety Guadee referenced. The directive also requires the Applicant
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to submit the regulatory body a reference plant of the proposed design folitéditig the
licensing process.

Further details on safety principles are addressed in regulations. There are cyi28ntl
regulations directly or indirectly addressing safety of nuclear power plants. The list of the laws,
decrees, regulations and guides that are relevant to the nuclear power plants is given in Annex
Il.

Rules and procedures for accounting for and contfaduclear materials are described
Ay GKS awS3dz I GA2y 2y 1 O02dzyiAy3a F2NJ FyR [ 2
requirements of the Safeguards Agreement and Additonal Protocol with the IAEA. This
regulation is under revision for ensuring collmpce with the additional protocol. The national
aspects of Convention on Physical Protection of Nuclear Material have been implemented in
0KS awS3dzZ FGAz2zy 2y tKe@aAolf tNRGSOGAZ2Y aSl adz
is under revision foensuring compliance with INFCIRC 225/Rev. 5.

There are several regulations associated with nuclear safety. Suitability of NPP sites is
FRRNBaaSR Ay GKS awS3dzZ FGA2y 2y DbdzOf SI NIt 26S
'y btt NP WEARE RAdA 2 y2V¥KSS&AIy t NAYyOAL) Sa 7
and on construction, commissioning, operation and decommissioning of an NPP in the
GwS3dzZE FGA2Yy 2y {LISOAFAO t NAYOALX Sa FT2NJ { I FSi

Nuclear and radiological emerggn&a | NB O2@SNBR Ay (KS dab
bdzOft SINJ yR wlRA2f23A0I ¢ 9YSNESYOAS&aedd ¢KA
responsibilities of governmental authorities in case of a radiation emergency. Requirements
on emergency preparedness and resperare addresd by IAEA Safety Requirementi&3.

Regulations that cover radiation protection, operating personnel gqualification and
licensing, clearance and release of sites from regulatory control and radioactive waste
management in nuclear installatis has been issued in recent years.

Legal framework is not only limited with the TAEK regulations. There is also the
GOYOBANRYYSYillFt [Fg€é€ NBIFINRAYI SYBANRBYYSYyll f
which also defines nuclear and radiological criheg R LISy I €t GAS&AT YR (KS
al NJ] Sié¢ NBIIFINRAYI St SOGNAOAGE LINRPRdAzOGAZ2Y f AO

Regulatory famework (Before July2018)

As for regulatory framework; other than nuclear regulatory body, there are several other
government bodies such adinistry of Health, Ministry of Transport, Maritime Affairs and
Communications, etc. which indirectly regulated an NPP as an industrial facility. TAEK is a
subsidiary institution of Ministry of Energy and Natural Resources.

In Turkey, nuclear installatiorese licensed by TAEK regarding nuclear safety, security
and radiation protection issues. Licensing procedure is initiated by the application of the
owner to be recognized as such. Licensing process for a NPP comprises three main stages in

succession: Sit License, Construction License and Operating License. There are several
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permits functioning as hold points during the licensing process, such as limited work permit,
commissioning permit, permit to bring fuel to site, fuel loading and test operations ipéom
operating license, etc. For each authorization, documents required for review and assessment
of TAEK are defined in the Decree. The Decree also requires the owner to apply for
authorization of TAEK for every modification that may have an impadi@gdfety of nuclear
installation.

It is explicitly declared in the Decree on Licensing of Nuclear Installations that nuclear
installations cannot be operated without a valid license. The Penal Law defines operating a
nuclear installation without a validckense as a crime, punishable by imprisonment.

In addition, NPPs should obtain an affirmative decision on environmental impact
FaaSaaySyid FO0OO0O2NRAy3 (2 GKS awS3dzZ FGA2y 2V
Ministry of Environment and Urbanization as prerequisite to the site license and an
electricity production license from the Energy Market Regulatory Authority.

Regulatory inspection and enforcement activities cover all areas throughout the lifetime
of a nuclear installation. Inspection of TAEK gloeot relieve the authorized
person/organization of its responsibility for ensuring nuclear safety. The main philosophy for
0KS NB3IdzZE F 12NB AyalLISOGA2Yy A& G¢NHzaG |yR £SN
approach in scope and content of the ingfien to be conducted, not only limited to the
authorized organization but also to include its contractor and supplier chains. TAEK conducts
inspections to satisfy itself that the authorized organization is in compliance with the
conditions set outinthé dzi K2 NAT F GA2Yy | yR LI AOlIoftS NBId
2y bdzOf SFNJ {FSGe& LyawLsSodrzya yR 9yFT2NOSYS
deemed necessary, by TAEK in the event of deviations from, oicompliance with,
conditions and requaments.

Regulatory inspection includes a range of planned and reactive inspections over the
fAFTSGAYS 2F | ydzOf SFNJ AyaidlttraAz2zy YR Ayal.
organization and contractors/suppliers to ensure compliance with reégofarequirements.

The methods of inspection include examination and evaluation of all records and
documentation, and surveillance, monitoring, auditing and interviewing of personnel and
management, as well as performing of actual tests and measuremerat jghases of the
installation. In addition to TAEK staff, outside local or foreign services may be procured for
specific inspection tasks for the purpose of fanealuation and obtaining data where
necessary.

In case of non compliance with license coiutis, security requirements and
legislation, The Decree on Licensing of Nuclear Installations authorizes TAEK to grant, decline,
limit the scope, suspend and revoke the licenses. TAEK may put a formal request to the Prime
Minister to close down a nucleanstallation.
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In case of regulation violations, TAEK takes into account importance, urgency and
seriousness of the violations in regard to nuclear safety for the imposed enforcement. All
decisions and actions by TAEK may be challenged by any interestgdiparigh the legal
system of Turkey.

Generally, current legislative and regulatory framework of Turkey satisfy IAEA
requirements regarding nuclear safety and security.

TransitionPeriod of Nuclear Legislative and Regulatonamework (After July 2018)

The organizational structures of state instutitons are in a transition period at the
moment. As mentioned aboveAEK is a subsidiary institution of Ministry of Energy and
Natural Resourceand before July 2018 AEK performed regulatory tasks. In ordeathive
independence in regulatory decisianaking, new legal and retpiory framework is
introduced.Below is the summary of nuclear regulatory and legal framework established with
newly introduced laws and decree. Also studiesdoafting new regulationsfor supporting
that framework has started.

In this context, Turkey has changed its nuclear regulatory and legal framework with two
decreelaws and one presidential decree in July 2018. These are:

1 Decree Law No. 702: Regulation of the Law on the Organization of the Nuclear
Regulation Authority and itduties in some laws

1 Decree Law No. 703: Regulation of the Law on the Organization of TAEK

1 Presidential Decree No. 4 on the organization of autiesiand institutions linked and
related to Ministries (Articles 78392)

According to these legal documents nuclear regulatory framework shaped as below:

a! vy S indepegdBnregulatory authorityis established under the name of Nuclear
Regulatory dzi K2 NA (& Ob5Y0 ®¢

This new framework aims to separate the regulatory aesearch and development
responsibilities of TAEKccording to Decree Law No. 702; NDK is an independent regulatory
authority which has a public legal entity, administrative andrimal autonomy. NDK consists
of the Nuclear Regulatory Board (NRB) and the Presidency. The deunakorg body of NDK
is NRB.

NDK regulates nuclear installations subjected to authorization, oversight of the
authorized person, inspection process of thentlgrime responsibility of the operator etc.

In order to support and coordinate the nuclear energy, ionizing radiation and accelerator
technology to make scientific and technical work for the benefit of the country used for
peaceful purposes, Turkey AtaeriEnergy Agency (TAEK) is restructured.
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TAEK has become an R&D instuteomd a body responsible from safe disposal of
radioactive wasteslt also has roles and responsibilities the area of radioactive waste
management as a promotive and operative party. Another main function of TAEK is to provide
training and development of human resources related to the field of duty.

Although NDK is established, TAEK has yet to finish msftnanation. Decree on
Licensing of Nuclear Installations and all regulations of TAEK related to regulation of nuclear
safety, security and safeguards must revised according to new authorization processes. Until
new regulations are made old ones are remaatid and applicable. Also the President of NDK
and NRB have not appointed yet. Until these appointments are madeD#partment of
Nuclear Safety of TAEK and other departments and organs continue to work on the licensing
of nuclear facilities.

1. GENERALATA ABOUT THE SIT|MANUCLEAR POWERNTLA

General information is presented under this chaptdepending on information
presented in Preliminary Safety Analysis Report of Akkuyu NPP UhitSliHce Akkuyu NPP
Unit 1 is under construction and some construction license conditions are not yet met, some
of the information presented here will be finalized ¢hg the operation license phase in the
Final Safety Analysigeport.

1.1. Brief description of the site characteristics

Akkuyu NPP site is located in the south of Turkey in Akkuyu bay on the Mediterranean
Sea shore (in Mersin province) in the area with a radius at least 3 km. Geographical
coordinates of the site centdr NB  dbc clyyRQ Eo Bhe NRPQite area falls within the
Mediterranean region.

The licensee is AkkuyNuclear JSGvhich is the project company registered in Turkey
that will build, own and operate the nuclear power plant. Four NPP power units c2@ES
design with VVER H n 15099 fype reactors shall be constructed on Akkuyu site in
accordance with the Intergovernmental Agreement.

The site allocated for the NPP construction is a fenced area located in surrgusfdin
hills up to 270m high that area natural boundary of the site aregigure2).

Totd area of the NPP site is 1,088 allocated for the NPP construction area, dike dam,
western and eastern berths,ivil assembly yard and access roads. A complex of power
distribution structures shall be constructed north of the construction site on a separately
fenced terrace.
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- Akkuyu NPP site location e — S T

Figure2 Akkuyu NPP site location

The total population in theemergency planning zone is 1,286ople (®Inar/Ovacik
district) (PSAR, Chapter 4].[

All four Akkuyu NPP power units are situated in the southwest part optbgct site,
which is a bare land plot excavated in the previous years to prepare soil foundation.

According to the design, the NPP grade elevation will be #fh0&nd the GIS (power
distribution structure$ grade elevation will be +19r6 aove sea levie(PSAR, Chapter Y] [
Maximum heights of the NPP structurag a110.5m (vent stacks of NPP unite fgasaerosol
releases), +50.50 and +48.4 m (vent stacks abixiliary reactor buildings) above sea level
[5].

A set of engineered measures, including construction of a hillside interception ditch,
shall be takerto protect the NPP site against landslides, mudflows, surface water flow, etc.

NPP power units are oriented by reactor buildings towards the north, turbine buildings
are oriented to the south towards the sea.

NPP units shall bgaced 215n to allow accommodation of utilities and transport lines
between units, and commissioning of the units by stgptfacilities.

Diesel generator stations of emergency power supply system (11,12UBN) are situated
on opposite sides of each NPP power unit. Standby diesekggemestation buildings of the
emergency power supply system are spaced out in the general layout to prevent their
simultaneous failure in the event of an aircraft crash. Each power unit is also provided with
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one normal operation main diesel generator stat building (13UBN). The design also
includes an alternative diesel generator set (ADGS).

Offshore hydraulic engineering structures are situated on the side of turbine buildings
of each NPP power unit designed for drawing cooling sea water and disahaegted water
into the sea.

Figure3 shows the layout of Akkuyu NPP buildings and structures.

Each power unit comprises the following main buildings: reactor buildirg) (&ith
transport portal, auxiliary reactor building-@, turbine building (912) with adjacent main
demineralizer building and normal operation power supply building.

Commonplant buildings and structures are situated in the neefistern part of the site
from the side of the reactor building of Unit 1: radadave waste storage and treatment
building (17), fresh fuel storage (13), spent fuel storage (14), etc.

Engineered safety features of Akkuyu NPP include active and passive systems designed
to ensure safe reactor shutdown, nuclear fuel residual heat remowatigation of
consequences during anticipated operational occurrences and design basis accidents, to limit
radioactive releases into the environment, and to prevent or mitigate beyond design basis
accidents. The safety system design is based on a daifllee criterion and principles of
redundancy, diversity, independence and physical separation.

The source of service water supply for Akkuyu NPP is Mediterranean seawater with
single circulation. Seawater from the Akkuyu bay flows strdigidugh heat echangers
cooling the systems of each NPP unit. After that, heated water is discharged under residual
pressure through discharge channels into the Mediterranean Sea, which is the primary
ultimate heat sink.

Power will be supplied into the Turkish grid fréskkuyu NPP a&ieight transmission lines
(380kV), including fivéong transmission lines (more than &@n) for the main connection to
380kV power grid € NP dz3 K { S & RMedsif, EfnbdEK aMRAyitélyla Substations), and
two short transmissiorlines with a length of about &m to connect to the local 154V
distribution network (through 380/154&V autotransformers at Akkuyll and AkkuytP
substations) (PSAR, ChapteChapter § [4]. Details of this topic is presented in Chapter 5 of
this report.

Auxiliary buildings and structures, which are common for four power units, are situated
from the side of power unit 1 in the eastern part of the NPP site.
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1.1.1. Main characteristics of the units

Akkuyu NPP design includes four power units comprising a-YXERB509 reactor
LI I yi | yR ! wpeedStpadmaurbing f 2 &

Estimated rated electric power of each Akkuyu NPP unit (w#lctor thermal power of
3,300MW andcooling water temperatureof 2 0 g Af f 0SS yBRW(@bsS)aa GKI Yy

Key specifications of Akkuyu NPP udjtdre given infable 1.

Mediterranean Sea water is the primary ultimate heat sink of Akkuyu NPP. Cooling sea
water enters through water intake structures, which are common for all systems.

All Akkuyu NPP units employ straiglaw system of service (cooling) water supply with
single circulation of Mediterranean Sea water as the ultimate heat sink. Wittoileng water
temperature of 28C, the cooling water flow to the turbine condenserseaich NPP unit is
about 254,000n%/h.

Service water supply on the Akkuyu NPP site includes the following systems:

1 main @olingwater system (PA)
1 conventional oolingwater s/stem (PG)
91 securedcooling vater system (PE)

s aeaidsSy Aa R Sancandeéndation eat MdhYubidiéScordénsers.

PC system is designed to remove heat from the conventional cooling water system of
the turbine building (UMA), chiller building (UQR), normal operation standby diesel generator
station (UBN), compressor buitdj (UTF).

.l aeadSy Aa RSaA3IySR (G2 NBY2@S -®K&8ddi (2 |
equipment of systems located in UJA, UKC, UBN, UBN buildings in all unit operation conditions,
including accidents.

The secondary ultimate heat sink is atmospbeir, which is used for the operation of
passive heat removal systems (PHRS) and ventilation systems.

The thermal pattern of Akkuyu NPP units is dowubteuit. The primary circuit is
radioactive. This circuit comprises a reactor, four main circulatiogso pressurizer, and
auxiliary equipment. Each circulation loop comprises horizontal steam generator, reactor
coolant pump set and main coolant pipeline. Primary circuit equipment is housed inside
double containment.

Table 1 Key specifications of Akkuyu NPP Units

No. Parameter Value

1 Reactor thermal power (rated), MW 3,300
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No. Parameter Value
2 Active electrical power, not less than, MW 1,200
3 Number of RP main circulation loops 4
4 Parameters of primary and secondary circuits:

- primary coolant pressure at reactor outlet, MPa (abs.) 16.2
- primary coolant temperature at reactor inlet/outlet, / 297.21/
328.8
- reactor coolant flow rate, rith 87,460
- steam pressure at steam generator outlet, MPa (abs.) 7.0
- steam flowrate from each steam generator, t/h 1,652
-FSSR 61 GSNJ GSYLISNI GdzZNBx> ¢/ 225
5 Maximum U235 enrichment of fresh fuel, % 4.95
6 Spent fuel burrup (average / maximum in unloaded fi 49.4/54.3
FaaSYyoftASaos a2i Rkl 3!
7 Refueling interval, months 18
8 Operation time of fuel in the reactor core (with steastate fuel 3¢4.5
cycle), years
9 Number of FAs in the reactor core 163

10 Number of reactor control rod assemblies 94
11 Service life of RP equipment, years 60
12 Installed capacitytilization factor 0.93
13 Volume of ECCS hydraulic accumulators, m

- first stage 200
- second stage 960
- third stage 720

14 Capacity of passive heat removal system, MW 80
15 Reactor containment structures:

- height (inner/outer), m 61.7/65.4
- innerdiameter (inner/outer), m 44/50.8
- upper part wall thickness (inner/outer), m 1.2/15
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The secondary circuit is naadioactive and consists of the steam generating part of
steam generators, main steam lines, turbine, auxiliary equipnaer related deaeration,
preheating and SG feedwater systems.

Each NPP power unit comprises the following main equipment:

1 WVER nuclear reactor witlhrated thermal power of 3,300IW under a pimary
coolant pressure of 16.®IPa (water with boric acid is thmolant and moderator
in the reactor, and low enriched uranium dioxide is used as fuel in the reactor
core) with nuclear reactor pit equipment

four horizontal steam generators
four reactor coolant pump sets
reactor coolant pipeling

pressurizer system

= =2 = = =

ARABELI|ow-speed turbine with rotation speed up to 1,500 rpm.

The primary (inner) containment is made of gteessed reinforced concrete, and the
secondary (outer) containment is made of cassitu reinforced concrete. The primary
containment has &ore catcher at the bottom under the reactor designed for severe accident
management. The double containment includes:

1 inner containment of prestressed reinforced concrete designed to withstand
environmental acidents in the containment,

1 outer containmen of nonprestressed reinforced concrete protecting against
external natural and humamduced hazards and limiting the annulus space
serving to capture radioactive leaks through the inner containment in accidents.

Spent fuel in the reactor building is stored in the spent fuel pool (SFP). The capacity of
the spent fuel pool allows storing spent nuclear fuel on racks accumulated over ten years of
electricity generation and an additional emergency full core unloading.

Spent fuel is stored in the SFP under the protective water layer with bort ac
concentration of at least 1g/kg. Rack geometry and borawontaining materials maintain
subcriticality above 5% (neutron multiplication factor below 0.95) during spentstoehge
and management.

The design of the spent fuel pool represents rectangular reinforced concrete structure
with double metal cladding, which retains active fission products generated during different
NPP operation modes, and also reduces the ioni@dgation during fuel storage. The water
temperaturein the pool does notexceed0 RdzNAYy 3 A OKSRdzf SR NBFdzSt A
unloading.
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Residual heat is transferred from fuel assemblies to the component cooling water
system and further to the ultinta heat sink. The design capacity of SFP racks for theakfsh
fuel cycle is 601 cells for FAs (438 + 163 = 601 FAs, of which: 43RBAE dzSf Ay 3 2F TH.
every 18 months accumulated over 10 years and 163¢Féksergency core unloading). SFP
also comains 20 cells for hermetic casing designed to stoakileg SFAs (PSAR ChaptedP) [

The fuel pool is housed within the reactor building between reactor cod@oys. It is
connected to the top of the reactor cavity by a refueling channel designed to transport one
fuel assembly.

Thetop elevation of the pool (26.3m) is governed by the reactor design and protective
water level (about 3 meters) above the actipart of the spent fuel assembly when it is
transported through the refueling channel.

The fuel pool consists of one compartment designed to store SFA, and a cask
compartment- SFA cask loading and FFA jacket unloading area.

Fresh nuclear fuel shall be séal and prepared for loading into the reactor in a stand
alone fresh fuel storage facility (FFSF) with a capacity ofr@8i FAs, including

i 201FAs in three racks, 67 FAs each
1 180 FAs in packages, 2 FAs each

The fresh fuel storage facility is classifias seismic category | and safety class 1.

The safety of FFSF is ensured by the design and thickness of walls and ceilings, which are
designed for SSE. The FFSF building is designed above thigdebkvation, in the absence
of adjacent rooms, from tich water or another moderator can enter the storage facility.

Akkuyu NPP design includes dry spent fuel storage (SNFS) to be located on the site.

SNFS is a commgutant building representing a starmlone building with its own
outside entrance road.

The spent nuclear fuel storage facility is classified as seismic category | and Mlass 2
component in terms of its impact on safety.

The storage capacity is 60 casks. Spent fuel arrives at the SNFS in casks. The capacity of
each cask is 18 FAs. Total resicheat from SFA in one cask is l&szn 40 kW. Cask cooling
in SNFS is through natural convection, ruling out the increase of fuel cladding temperature
above the @signed levels (PSAR Chapted®) [

Nuclear and radiation safety during SNF storage in casks is mainly achieved by properties
of civil structures of the facility and cask features that do not require forced cooling. Therefore,
the loss of offsite power inthe SNFS is not considered, because SNF is cooled in casks by
natural convection of the outside air, which does not require a power supply.

The NPP site has a commplant temporary storage facility as part of 00UKS building
to store and treat solid and $dified radioactive waste.
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Capacity of the storage facility allows storage of solid and solidifieddod medium
level wastes for 10 years of the NPP operation, and-lggél waste for 60 years. The general
layout allows for expansion of the storageifdy for the entire service life of NPP of 60 years.

Safety systems implemented in the Akkuyu NPP design with-MER s5@9reactor
are based on active and passive actuation principles.

The active part of safety systems includes:

1 reactor protection ad control system (CPS)

1 emergency and planned primary circuit and fuel pool cooldownesystEPCS)
(active part of ECCS)

spray system

emergency boron injection system

SG emgyency cooldown system (SG ECS)
BRUA system

main steam line isolation systerfMSIV)
emergency gas removal system
essentialservice component cooling system

secured cooling water system

= =_ =/ =2 A A A A

ventilation and air conditioning systems in the reactor building, sasgstem
and support system rooms

1 MCRJ/ECR air condihing and life supprt systems
1 annulus ventiléion and filtration system

1 emergency power supply system (EPS), including emergency diesel generators
(SDGS) and batteries, and availability for connecting an alternative diesel
generator.

The passive part of safety systemdunies:

passive heat remaal system (PHRS)

stage | hydraulica@umulators (ECCS passive part)
stage lland Il hydraulic accumulatagrs

primary circuit overpresgse protection system (PRZ PORV)

= == =2 =/ =

secondary circuit overpreage protection system (SG POR
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1 containment hydrogen concentration monitog and emergency removal
system
1 hermetic enclosure system (double ¢amment) with isolation valves

In addition, the Akkuyu NPP design includes-aessel core melt catching and cooling
system (coe melt catcher) to manage a severe accident.

Figure4 shows the process flow diagram of NPP powett with VVERL200/B-509
reactor.

Safety systems are arranged in such a way that minimum required portion of pipelines,
valves and equipment is dated within the containment and does not require repair or
maintenance during the unit power operation; the major portion of pipelines, valves and
equipment is located outside the containment. Equipment accommodated outside the
containment can be accessederviced and repaired even during power operation of the
reactor.

In addition to the systems directly involved in power generation, the process flow
diagram shows safety systems designed to prevent desigis accidents or mitigate their
consequences.

The power unit design includes a number of normal operation systems making up a
unified complex and ensuring NPP operation in different conditions. Some of these systems
are shown in the process flow diagram of the power unit.

NPP electrical systems corisi§ power generation and grid distribution systems and
auxiliary power supply system.

The generator of each Akkuyu NPP unit is connected to 380 kivisgdated switchgear
(GIS) through generator circtbteaker as generatetransformer set with 24/38&V main
step-up transformer to distribute power to 380 kV grid. Auxiliary power for NPP unit-start
up/shutdown is supplied from offite sources. The generattmansformer set shall power two
LINAYF NBE FdzEAE Al NB (NI yaT2 Ny ®Hge ob24/106105 kvO I LI OA

¢g2 aildl yRoe& FdzEATAINE GNIyaF2NY¥SNE 6AGK | OF
10.5 kV are installed to backup auxiliary power supply of NPP units. Two auxiliary transformers
gAOK | OF LI OA (e 2 ¥38w/10.5H0.5 k\sare brygvidedlfor athdlifippwlerd S 2
supply

Auxiliary power supply systems have primary, standby and emergency power supply
sources and 10 kV and 0.4 kV AC and 220 V DC switchgears, and also 110 V DC switchgear for
CPS CR drive power supply
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Each Akkuyu NPP unit shall have the following auxiliary power supply systems:
1 normal opeantion power supply system (NQS)

1 normal operation reliable power supply system (NO RPS) with one 10 kV main
diesel generator station (MDGS)

1 emergency power supply system (EPS) with two 10 kV standby diesel generating
stations (SDGS)

Akkuyu NPP unit NO power supply system (NOS) poveersafety systems, including
BOP power supply system. The following sections and switchgears are used in the NOS design:

1 10 kV AC for connection of group 2 electric motors with a power overk2d
and 10/0.4 kV transformers

1 0.4 kV AC for connection of g 2 electric motors with a power below 26w,
lighting and other systems

1 110V and 220 V DC with batteries to power group 1 DC and AC systems (through
converters) requiring uninterrugid 0.4 and 0.2RV power supply

The following redundancy is providéemimprove the reliability of NO RPS, which powers
consumers of normal operation systems important for safety (safety class 3):

1 automatic load transfer (ALT) from standby auxiliary transformers (backup
power supply sources) when primary power sourceslaseon each NOS 10 kV
section conected to NO RPS 10 kV section

1 ALT closes jumper switches to power one NO RPS 10 kV section from another
section when the former one is eenergized. When two NO RPS 10 kV sections
are deenergized simultaneously (loss aff-site power), main diesel generator
station (MDGS) is connected to both sections and automatic-lsyesiep start
(ASS) of all group 2 equipment

1 power supply for group 1 equipment requiring uninterrupted 0.4 and 0.22 kV
power supply is provided fromhe relevant NO RPS battery (for 2 hours of
discharge).

EPS loads are NPP safety system equipment and devices (safety class 2) that require
power supply in all operating modes of the NPP, including emergency shutdown of the reactor
plant when oftsite powersources are lost. EPS provides independent power to consumers of
two trains of safety systems and enables connecting &.4lternative akcooled diesel
generator set (ADGS), which powers some equipment required to manage bdgsigh
basis accidentslhe following redundancy is designed to make EPS more reliable:
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1 two independent EPS trains according to the principle of redundanpyocgss
safety system equipment

1 each standby diesel generating station (SDGS) and all switchgears of each EPS
train are physically separated and electrically independent from each other and
their consumers

1 when NOS 10 kV section is-éeergized (loss of ofiite power) in each train, a
standby diesel generating station (SDGS) is started independently and connected
to the de-energized section with automatic stdy-step startup (ASS) of all
group 2 consumers of the train allowing for the maximum permissible power
supply interuption for the safety systems

1 power supply for group 1 equipment requiring uninterrupted 0.4 &n#2 kV
power supply is provided from two batteries in each EPS train (for 2 and 72 hours
of discharge).

AC consumers receive power from inverters connected to the DC board (ftooar2
discharge batteries) in each EPS train. Accident andauzstlent maitoring system, valves
for connecting HA to the fuel pool and HA to the reactor continue to receive power from
batteries designed for 72 hours of discharge. During beyond design basis accident (total loss
of power supply from all AC sources and/orsla$ ultimate heat sink)feer 72 hours, a 0.4V
standby aircooled diesel generator is utilized as power supply source in EPS

1.1.2. Description of the systems for conduction of main safety functions

According to the defensm-depth principle, Akkuyu NRIesign includes safety systems
and special engineered safety features to perform the following basic safety functions and
subfunctions:

Reactivity Control and Swriticality Maintenance

1 reactor scram
1 reactor subcriticality maintenance

Heat Removal fronthe Reactor Core and Fuel Pool

1 heat removal from the reactor through primary circuit
maintaining coolant inventory in the primary circuit
heat removal from the reactor through secondary circuit

limiting primary pressure

= == = =

limiting secondary pressure
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1 Heat removal from the fuel pool

Confinement of Radioactive Materials withEstablished Boundaries

1
1

Supporting Functions

f emergency power sygy

limiting radioactive releases from steam generators

limiting radioactive releases into the environment from the containment

1 component cooling and air cooling and ventilation indoors

Active and passive safety systems in the Akkuyu NPP design, which perform main safety

functions, are listed iTable 2.

Table 2 List of safety systems that perform safety functions

Safety functions

Safety systems and
additional engineered safety features

Active

Passive

Brief description

Reactivity Control and React@ubcriticality Maintenance

Reactor scram

JND1@20 emergency boron
injection system consisting
2F (62 0GNI AYy2
case of ATWS.

Reactor control and
protection system (94
CPS control rods). The
function is performed if
one of the most
effective control rod is
stuck.

Insertion of absorbing
rods into the reactor
core. CPS CRs drop in
the core (during
blackout).

If the CPS CRs fail
JND1€e20 injects boron
solution into the
primary circuit to
transfer the reactor to
a subcritical state.

Reactor subcriticality
maintenance

Primary circuit and spent
fuel pool emergency and
planned cooldown system
(EPCS) JNA consisting of tv
i NJ A 106%).0 H P
JND1e20 emergency boron
injection system consisting
2F (62 0GNI AYy2

JNG50 emergency cor
cooling system HA
(passive part)
consisting of four traing
onPox:0®
Stage Il and Il
hydraulic accumulatorg
(ECCS passive part).
JNG10 consisting of

FT2dzNJ GNI Ay

In case of LOCA, the
systems inject boron
solution into the
primary circuit for
emergency cooling of
the core and
maintaining the reactor
subcritical.
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Safety functions

Safety systems and
additional engineered safety features

Active

Passive

Brief description

Heat Removal from the Reactor Core and Fuel Pool

Heat removal from
the reactor through
primary circuit

Primary circuit and spent
fuel pool emergency and
planned cooldown system
(EPCS) JNA consisting of tv

GNI Aya OHPwMnAJ

In case of largbreak
LOCA, high and low
pressure safety
injection pumps are
started.

In case of smalbreak
LOCA, high pressure
safety injection pumps
OHPMANE:20 |

Maintaining coolant
inventory in the
primary circuit

Primary circuit and spent
fuel pool emergency and
planned cooldown system
(EPCS) JNA consisting of ty
GNI Aya OHPMAIJ

Water inventoryin the fuel
L2 2 £
containment sump.

O MPMA E: (

JNG50 emergency cor
cooling system HA
(passive part)
consisting of four traing
OnPRox:0®

Coolant loss
compensation and corg
cooling during design
and beyond design
basis LOCA.

In case of largbreak
LOCA, high and low
pressure safety
injection pumps are
started.

In case of smabreak
LOCA, high pressure
safety injection pumps
OHPMA®E:0 |

JNG10 second stage
hydro accumulators
HA2 (ECCS passive
part) consisting of four

GN}F Aya onPR

Coolant loss
compensation and corg
cooling during design
basis and beyond
design basis accidents
with loss of coolant
during 24 hours until
the system is actuated,
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Safety functions

Safety systems and
additional engineered safety features

Active

Passive

Brief description

JNG10 third stage
hydro accumulators
HA3 (ECCS passive
part) consisting of four
trains6 n P o 0:°2 U d

Coolant loss
compensation and corg
cooling within 72 hours
during beyond design
basis LOCA when F2A
supply is finished.

Heat removal from
the reactor through
secondary circuit

JNB10 SG emergency
cooldown system (ECS)
consisting of two trains
CPmMnmE:z00

JNB50 passive heat
removal system
consisting of four traing
OnNnPox:00®

Residual heat removal
and primary circuit
cooldown during
design and beyond
design basis accidents

Limiting primary
pressure

JND1e20 emergency boron
injection system consisting
2F G2 GNY AYS

KTP emergency gas removg
system.

Primary circuit
overpressure
protection system
consisting of three PRZ
t hwt
control, two working
PORVs.

6 o-Bne n

Primary circuit
overpressure
protection (PRZ PORV

Primaryto-secondary
LO@ depressurization
(JND1€r0).

Primary circuit
depressurization to 1
MPa in case of severe
accidents (KTP system
with PRZ PORV).

Limiting secondary
pressure

BRUs
pressure.

onPwmMnmE:0

Secondary circuit
overpressure
protection system
consistingof two SG
t hwt
control and one
working PORYV for eacl
SG.

0 H-Bne n

Secondary circuit
pressure limitation
(BRUA) and
overpressure
protection system (SG
PORYV).
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Safety functions

Safety systems and
additional engineered safety features

Active

Passive

Brief description

Heat removal from
the fuel pool

Primary circuit and spent
fuel pool emergency and
plannedcooldown system
(EPCS) JNA consisting of tv
GNI Aya OHPwMnAJ
JMN spray system consistin
2F (62 GNI AY2

JNG10 second and
third stage hydro
accumulators H#,
HA3 (ECCS passive
part) consisting of four
0N} Aya onP

JNA and JMN systems
cool ormakeup the
fuel pool.

HA2, HA3 shall make
up the fuel pool during
boiling (with the failure
of active systems).

Confinement of Radioactive Materials Within Established Boundaries

Limiting radioactive
releases into the
environment from
the containment

JMN spray system consistin
2T (62 GNI AY2

Containment
structures.

A system of isolating
devices on
containment
penetrations.

Radioactivity
confinement in the
inner containment.

Pressure reduction in
the inner containment
during desjn and
beyond design basis
LOCA (JMN).

Function of iodine
binding in the inner
containment
atmosphere (JMN).

JMUJIMT containment
hydrogen
concentration
monitoring and
emergency removal
system, including
passive catalytic
hydrogen recombiners

Prevention of explosive
mixtures to generate in
the inner containment
by monitoring and
maintaining the
volumetric
concentration of
hydrogen during desigt
basis, beyond design
basis and severe

accidents.
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Safety functions

Safety systems and
additional engineered safety features

Active

Passive

Brief description

KLB22 annulus ventilation
and filtration system
OHPMANE:0®

Collection and filtration
of leaks through the
inner containment to
reduce the release of
radioactive substances
into the environment.

JKM core melt catcher

Retention, cooling and

6/ al 0 6 mP M| maintaining
subcriticality of the
core melt (dter failure
of the reactor vessel) tq
provide the
containment integrity.

Limiting radioactive | MSIV and shubff gatevalve Isolation offailed SG
releases fromsteam 2y { D &aiStI Y f from the environment
generators Two shutoff gatevalves on and storage of the
SG feedwater lines coolant inventory in
OHRMANE:20 ® the second SG circuit.
Supporting Functions

Emergency power
supply

Emergency power supply
system (EPS) with diesel
generators (SDGS) consistil
2F (62 0GNI AY2
availability for connecting ar
alternative diesel generator.

Emergency batteries
consisting of two EPS
0N} Aya OHP

Emergency power
supply of safety system
equipment.

Equipment and air
cooling indoors

KAA1G20 essential service
component coolingystem
OHPMANE:0®

PE secured cooling water

vvvvvv

OHPMANIJ
Special service water supply
equipment (KAA25
alternative component
cooling circuit pump and

PEC10 mobile pumping unit

Cooling of safety
system equipment.
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Safety functions

Safety systems and
additional engineered safety features

Active Passive

Brief description

Indoor ventilation system of
reactor building, safety
systems and MCR/ECR.

Indoor ventilation
system of reactor
building and safety
systems.

MCR/ECR air
conditioning and life
support.
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Figure5 Diagram of primary reactor core cooling systems

The diagram of primary systems cooling the reactor core during accidents is shown in
Figureb.

Description of Safetysystems

Reactor Control and Protection System

The reactor control and protection system (CPS) includes reactor scram system with
control rods (absorbing rods and their drives), absorbing/control rods and their drives, and
safety control systems that gerse reactor scram signals. The reactor scram system is
triggered either by control SS or when CPS CR drives @meeaigized causing absorbing rods
to fall into the core under their own weight to the lower end position.

Emergency and Planned Primary dir@ootDown and Spent Fuel Pool Cooling System
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Emergency and planned primary circuit cdown and spent fuel pool cooling system
(INA) is designed to perform the following functions:

T NBFOl2NJ 022t R2g¢y (2 tn o6/ F2tf256Ay3 NI
secondary circuit becomes inefficient{R 2.1 MPa, E<150°, 0 Ay | ff 2 LIS
modes of the unit (scheduled, maintenance, egency and refueling
shutdown)

1 residual heat removal from the reactor core to the component cooling system in
all NOmodes of the power unjt

1 residual heat removal from the fuel pool in all operation modes of thegro
unit (as a standby systemn)

f coolant inventory maintenance incas€ o Yo NBH $ 23a,a 2F 0O022f |
1 primary circuit emergency makeup during sriakak LA (DN28B0).

The system consists of two identical and fully independent, physically separated trains.
Each train consists of two lines with one LP safety injection pump, one HP safety injection
pump and one emergency cooldown heat exchanger. In all mdues, is removed to the
primary ultimate heat sink (Mediterranean Sea) as follows: {Bgsential service component
cooling system secured cooling water systenMediterranean Sea.

IntheeSy i 2F 0O22f | ysipurhpd atartautanitiSallydmedt in® Yhe
primary circuit using boric solution stored in the spent fuel storage tank (SFP) above the
minimum level required to cool the SFP. When the SFP level drops to the minimum level, the
system's pumps are switched to the sump for recirculatioough the containment.

Emergency Boron Injection System

Emergency boron injection system (JNE2D) is designed to perform the following
functions:

1 injection of boron solution into the pressurizer during primdmysecondary
LOCA to reduce pressyre

1 maintaining the core subcritical in case of failure of control and protecti
system (CPS) of the reactor

The system consists of two componeadéentical and fully independent trains. System
train consists of two legs sparing each other. Each train leg Rasc&pacity and injects boron
az2fdziazy AyilG2 Ada WO2fRQ LINI 2F (GKS w// 22
for both trains. Suction pipelines of emergency boron injection system pumps are connected
to DN500 pipelines of relevant trains dfet emergency and planned primary circuit and fuel
pool cooldown system downstream of the heatchanger. Water volume above the fuel pool
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level required for fuel storage serves as boron solution (with concentration @51g/dn¥)
supply.

Emergency Steai@enerator Cooldown System

Emergency SG cooldown system (JNB10) is designed to:

1 remove residual heat from the reactor core and cool down the reactor in
accidents associated with the loss of -eife power or loss of normal heat
removal through the SG semdary circuit, including leaks of Steam lines and
feedwater lines

1 remove residual heat from the reactor core and cool down the reactor in
accidents associated with the primary circuit depressurization, including the
reactor coolant line break and primato-secondary loss of coolant.

The emergency SG cooldown system consists of two trains, each of them connected to
two steam generators. The system trains are physically separated and fully independent. Each
train of the system consists of pipelines, egency cooldown heat exchanger (process
condenser cooled by water of KAA20 component cooling system), two emergency
cooldown pumps and condensate return pipelines in two steam generators. Emergency
cooldown of each SG is made through a closed circuit.

BRUA System

BRUA (fastacting relief valve for steam discharge into atmosphere) is designed to dump
excessive steam to avoid actuation of SG PORVs under load shedding and losstef off
power, as well as to dump steam into the atmosphere during SGymessaintenance.

Each steam line from SG is equipped with afasing steam dump valve to atmosphere
(BRUA) and shubff valve upstream of it.

Containment Spray System

The spray system (JMN) is designed to perform the following functions:

1 limit pressure by spraying and recirculation after accidents to maintain the
pressure in the containment within design lisiluring desigibasis accidents

1 remove fission products from containment, thereby reducing the total amount
of fission products in the ato prevent heir release to environment

1 remove residual heat from the fuel pool in all operation modes of the power unit
(as the main system during normal operation), as well as heat removal (together
with JNA system) during scheduled core unloading.

The system consists of two identical and fully independent trains. One train of the
system is capable to fulfill the function of temperature and pressure reduction inside the
containment. In case of LOCA, JMN system is actuated to inject into the contair@oating
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or makeup of the fuel pool during accidents is provided by one train of INA system (standby
function) or one train of JMN system.

Emergency Gas Removal System

The emergency gas removal system (KTP) is designed to remove uncondensed gases
escapig from coolant in the upper points of the primary circuit equipment to prevent
explosive concentrations and explosions of hydrogen, and also to prevent loss of natural
circulation of the reactor coolant in primary circuit. Such points are SG headerspréaut
unit, pressurizer. The system consists of pipelines and twoalfivalves installed in parallel
in each line from reactor top unit, from the top of pressurizer, from steam generator headers
and discharge lines to relief tank.

During reactor powebpperation the system does not function and is on standby. Shut
off valves are closed and periodically checked. The system may be used for air removal during
primary circuit filling with water.

In case of loss of coolant, to improve primary circuit cooldown, the operator can open
valves on the system lines connecting the reactor and SG air vents with the PRZ steam space
and, if required, vent gasteam mixture into the pressure relief tank by ayeg valves on the
line connecting PRZ and the pressure relief tank.

During severe core meltdown accidents, the operator opens systemahwialves
together with PRZ PORVs to vent stegas mixture from reactor pressure vessel, PRZ and SG
headers to redce the primary circuit pressure to 1 MPa.

Emergency Power Supply System

Each of two EPS trains consists of digeglerators (SDGS), batteries, uninterruptible
power supply units (UPS), transformers, 10 kV and 0.4 kV switchgears, 220 V and 110 V DC
boards.

Main Steam Line Isolation System
The system is designed for fast and reliable isolation of steam generators (using MSIV
and shutoff valves on steam pipelines) in accidents:

9 to prevent the reactor uncontrolled coalown, and to enable the operationfo
the emergency heat removal system in case of steam line or feed water line
breaks

1 to prevent radioactivity release into the environment in case of prirary
secondary LOCA.

The system is also designed to prevent moisture reflux in the turbine inof&&8 level
rise due to feedwater flow controller malfunction and to prevent the loss of SG secondary
coolant due to abnormal feedwater flow rate.

Component Cooling System
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The component cooling system (KAAAD), including KAA25AP001 alternative
componentcooling pump, is designed to remove residual heat from reactor components and
safetyrelated systems to secured cooling water system (PE) in all operation modes of the unit,
including emergencies. Besides, this system serves as a barrier preventingctiajoa
releases to environment.

Secured Cooling Water System

¢tKS ad2adGSY 6t90x AyOfdzZRAY3 t9/ wmns_nnm Y20
heat from KAAL120 to the primary ultimate heat sink (sea water) in all operation modes of
the power unit, inalding emergencies.

Ventilation and Air Conditioning Support Systems

Ventilation, cooling and air conditioning systems are designed to:

1 cool air in safety system rooms within the prescribed limits dyoperation of
process systems,

1 maintain standard aitemperature in penetations and ventilation chambers,
9 air conditon and life support the MCR/ECR,

 remove heat and maintain normal environment conditions in MCS rooms and
auxiliary switchgear rooms.

FireFighting Systems

Automatic firefighting systems i@ also designed for fire protection of cable floors
under MCR and ECR. The rooms accommodate cables of different safety system trains, which
are not separated from each other with fire barriers or safe clearances. This makes it
impossible to contain firén cable floors within one train. As a result, automatic-fighting
systems are designed as supporting safety systems: ddrdife design, 100% each, thus
fulfilling the singlefailure principle. The systems are designed to function under extreme
extemal hazards (SSE, hurricane, flooding etc.) as well as during-thesigraccidents.

Primary Circuit Overpressure Protection

Primary circuit overpressure protection is achieved by the actuation of pressurizer relief
valves (PRZ PORYV) upon reaching of pwessure setpoints on discharge lines from PRZ to
relief tank.

The number of relief valves to be installed is governed by the principle of N+1 (N is a
number of relief valves controlling the flow rate required for depressurization) ensuring that
the primary circuit pressure will not exceed operating pressure by more than 15%, including
failure of one relief valve. The capacity of each pressurizer relief valve is at |elagtsB0
(saturated steam).
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''YRSN) 26 (0 SYMOOENIpimdaRircuibis protected against cold
overpressure by pressurizer relief valves that open automatically when the primauyt circ
temperature drops below 100 | YR LINK Y NB OA NDdzA & LINB & & dzZNB |

Each train of the residual heat removal and cooldown systemugpgd with two relief
valves. The relief valves of the residual heat removal and cooldown system maintain the
LINAR Yl NBE OANDdzZA G LINB&dadz2NBE 06St2¢g HoPH 't~ Ay O:
systems and equipment.

Secondary Circuit OverpressiuReotection

Secondary circuit overpressure protection is designed to prevent overpressure in steam
generators and main steam lines above the specified value, i.e. not exceeding 15 % of steam
generator operating pressure.

The system consists of twmlot-operated relief valves (SG PORV) to be installed in each
main steam line downstream of the SG and actuated when two pressurposdss are
reached. It comprises main and pilot valves. The main valve is controlled by work medium
from the pilot valve.Usually the pilot valve is actuated by electromagnetic actuator in

response to signals from pressure sensors. In case of power loss, the pilot valve is actuated as
direct-action spring type safety valve.

Passive Emergency Core Cooling System

JNG5EB0 pasive emergency core cooling system (stage 1 hydro accumulatets HA
designed to inject boric acid solution with concentration of not less than 17 %idto the
reactor core for cooling during loss of coolant accidents, when the pressure in the reactor
coolant system drops below 5.9 MPa.

¢tKS aeausSy O2yaraita 2F F2dz2NJ AYRSLISYRSy G i
accumulator HAL is installed in each of the trains. Each hydro accumulator is connected to
the reactor by a separate line with two chegklves: two hydro accumulators are connected

to the reactor inlet chamber with two other hydro accumulators connected to the reactor
outlet chamber.
9F OK K&RNER | OOdzydzf  62NJ gA 0K GKS d2aFt @2f
0 ‘o 00 @ dndektratibn oO17g/dm3, volume of 50¥ wX G SYLISNI & dziE S 2 F
pressure of 5.MMPa inside the hydro accumulators is maintained by nitrogen blanket. In order
to prevent nitrogen release into the main cooling pipeline during injection, each pipe Isve ha
two fastacting valves installed in series that are automatically closed at critically low level in
the relevant hydro accumulator.
Stage 2 and 3 Hydro Accumulators
Stage 2 and 3 hydro accumulators ING16ZtAd HA3) are designed to perform the
following functions:
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1 boron solution supply from second stage hydro accumulatorsZ}HA maintain
the coolant level in the core in case of LOCA, when the pyipeessure drops
below 1.5 MPa,

1 boron solution supply from third stage accumulators {B)Ao main&in coolant
level in the reactor core during beyond design basis accidents with loss of coolant
and the failure of active safety systems after the depletion of boron solution
supply in the second stagaccumulators (after 24 hours),

1 boron solution supplyd makeup the spent fuel pool from HAduring beyond
design basis accidents with complete loss of all AC power supply and/or heat
removal to the ultimate heat sink,

1 storage of boric acid inventory to fill fuel pool compartments when the unit is
shut down br refueling.

Total coolant inventory in H& hydro accumulators is 9603mwhich is the volume
required in case of dependent failure of one train. Water inventory of second stage PHRS
accumulators is sufficient to remove residual heat during 24 hours.

HA2 hydro accumulators are actuated in passive manner ensuring residual heat
removal in the event of lossf-coolant accidents when the primary pressure drops below
1.5MPa.

In case of lossf-coolant accidents, ING10 system supplies boric acid solutiontivo
trains into the reactor inlet chamber and from the remaining two trains to the reactor outlet
chamber through the relevant pipelines of first stage accumulatorsi(HA

Total coolant inventory in HB hydro accumulators is 728° which is the volme
required in case of dependent failure of one train. Water inventory of second stage PHRS
accumulators is sufficient to remove residual heat for at least 72 hours from the accident
initiation.

During lossof-coolant accidents, as the primary circuit pseire reduces, HA hydro
accumulators first start njecting (at pressure below 5MPa) and then HA hydro
accumulators start injecting (at pressure below 1.5 MPa) to flood the core under hydrostatic
pressure. In case of beyofttksignbasis accident withoss of all AC power sources, BA
hydro accumulators supply borated water to the reactor to remove residual heat in saturated
conditions. Water stored inside the hydro accumulators allows core cooling for 24 hours. Once
the water supply is depleted in HA injection starts from HA hydro accumulators (from 24
to 72 hours from the accident initiation).

Passive Heat Removal System
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SG passive heat removal system (JNB50) is a protective safety system based on the
passive action principle that removes rasid heat from the reactor core through secondary
circuit.

The system functions during design basis accidents and beyond design basis accidents
requiring heat removal from the reactor plant. The system performs passive core heat removal
from SG secondaryrcuit to the atmosphere as alternative ultimate heat sink. In case of loss
of coolant accidents, the system removes residual heat simultaneously with safety injection
into the primary circuit from HA (at least for 24 hours) and FBAhydro accumulators {a
least for 72 hours).

PHRS is able to provide natural circulation even with coolant in SG manifolds due to the
condensation of steam generated in the primary circuit.

The system consists of four identical and fully independent trains based on natural air
circulation. Each train comprises two heat exchanging modules, pipelines of steam condensing
circuit with valves, supply and exhaust air ducts, air flaps and control devices.

SG steam is fed through a pipeline to the PHRS heat exchanger where it caaddrysa
atmospheric air. Due to natural draft, cooling atmospheric air from outside the containment
passes via baskets and enters common annular header. Air reaches heat exchanging modules
through separate air ducts. Cooling air picks heat from steam ih éxezhangers and flows
out through air ducts, which are joined in a common header.

The system is automatically actuated due teateergizing of electromagnets holding air
locks in the closed position in case of EPS 0.4 kV sectienatgizing, loss of otant in any
2F K20 tS53a 6AGK RSONBFAS 2F RSLI NI dz2NE FNRY
(JNB10).

Containment Hydrogen Monitoring and Emergency Removal System

The containment hydrogen monitoring and emergency removal system -(WI0)
ensuring hydrogen explosion safety in the containment employs passive catalytic hydrogen
recombiners located in the area of probable hydrogen accumulation; thus, the system is able
to perform its assigned function under any conditions of the containménbaphere.

JMUJMT system is designed for operation during LOCA. During normal operation, the
emergency containment hydrogen removal system does not function and is on standby.

In case of design basis accidents and beyond design basis accidents, thensenta
hydrogen monitoring and emergency removal system prevents generation of explosive
hydrogen concentrations above the design limits that lead to hydrogen burning.

Above listed safety systems and their components perform their functions under all
extemal hazards covered in the design.

Autonomy

A provision is made in the design for sufficient inventory of process media, diesel fuel,

stored energy, etc. required to maintain the power units in the safe state autonomously.
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Water inventory in HAR and HA3 allows safety functions to be performed for at least
72 hours, thereby cooling fuel in the containment and/or fuel pool. During bey@sdel
stage of severe accident, the water supply from&Hand HA3 coming through the leak to
the emergency sump remoséneat from core melt in the corium retention and cooling device
(catcher).

In case of AOOs associated with the loss ofsiéf power or in case of accidents
occurring during NPP blackout, safety systems that are required to bring and maintain NPP
units n a safe state shall be powered from diesel generators of the emergency power supply
system. Diesel fuel inventory allows diesel generators to operate for at least 72 hours with the
possibility of replenishing this inventory either from a centralized didsel warehouse
located on the NPP site and designed for the operation of diesel generators for another four
days, or delivered from outside. Oil inventory in the diesel generator feeder tank is sufficient
for the diesel generator to operate for 15 days.the future, oil shall be delivered by truck
tanks.

Therefore, offsite power supply, delivery of process media, fuels and lubricants, etc. or
actuation of additional (alternative) BDBA management features are not required for at least
72 hours from theaccident initiation.

Operation time and efficiency of the passive safety systems allow safety functions to be
performed for at least 72 hours, including total blackout.

Besides, the dedicated equipment is designed to manage beyond design basis accidents
beyond 72 hours after the accident initiation, including extreme external impacts.

During beyond design basis accident (associated with coolant loss and a complete loss
of all AC power supply and/or loss of design heat removal to the ultimate heat sinkjdbey
72 hours, BDBA management is provided by:

1 connection of additional process equipment and e equipment in train 1 of
SS,

1 partial use of some components of safety systems gpaly designed to
manage DBA,

1 power supply from alternative attooled 05 included in the design.
The list of equipment used to manage BDBA:

i alternative aircooled diesel generator,

1 emergency boron injection pumps of 10JND systeamtl1 (2 pcs),

1 spray pump of 10JMN system train 1,

1 special service water supply equipment (KAA&Brnative component cooling
pump and PEC10 mobile pumping unit)
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1 motor-operated valves of 10JNA train 1 (in suction pipelines from emergency
containment sump and spent fuel pool), 10JMN, 10IJND, 10KAA, 10IJNG10 (on the
pipelines connecting to 10JMN systgnsolating valves of 10SCC system

1 accident and pst-accident monitoring systems,

1 ventilation systems for cooling electrical equipment and MCS equipment.

1.2. Significant differences between units

All four proposed Akkuyu NPP units are based on the samemjesig there are no
significant differences concerning nuclear safety.

1.3. Use of PSA as part of the safety assessment

Probabilistic safety analysis is included in the package of documents that substantiate
nuclear and radiation safety and submitted for theMN€bnstruction license application.

PSA approach for external initiating events is based on a sequential screening analysis,
which allows us to concentrate efforts only on those initiating events that are potentially
significant in terms of severe damagétbe core and fuel in the fuel pool. The approach is
based on gradual deepening and detailing of the analysis and consistent conservatism
decrease as the significance of initiating events is identified.

Level 1 (PSA) and level 2 (PS2) probabilistic skety analysis was made at the design
stage to assess Akkuyu NPP safety.

PSA was developed in accordance with recommendations of Russian regulations and
taking into account IAEA recommendations, PSA experience and operating experience for
NPPs with VVERactors.

Fuel in the reactor core and fuel pool, including situations when all the core fuel is
unloaded to the fuel pool, was considered as sources of radioactivity. The development
considered internal initiating events as well as initiating events ahbyeonsite and offsite
hazards typical for the NPP site, in all operational states of the unit.

Fuel damage frequency analysis for reactor core and fuel in the fuel pool was used to
evaluate the vulnerability of NPP unit to initiating events and devedmommendations to
improve the safety of NPP unit taking into account the results of uncertainty and sensitivity

analysis.
At the same time, the following total fuel damage frequencies were estimated for all
GeLlSa 2F AYUSNYI € Iy R 1y8aE of N IrdactorSddrd yaida Y p @

M ® n 4 I/year for the fuel pool (PSABhapter ) [5].

Level 2 PSA is developed to estimate the total frequency (probability) of maximum
emergency release (MER) exceeding the established limits (for severe accidents with fuel
melting in the reactor core and fuel pool).
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The results otevel Zare preliminary athe current stage of Akkuyu NPP project. This is
due to conservative assumptions being usetlenel 2ue to unavailability of detailed design
information. This approach to the PSA gave es@rservative results regarding Akkuyu NPP
safety. However, rdsstic approach is impossible at this stage of the design. But at the same
time, the results obtained allow to determine dominant accident sequences that make the
greatest contribution to the MER frequency and analyze their main causes.
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2. EARTHQUAKES

Turkey lies along the Eastern Mediterranean sector of the seismically active and
tectonically complex Alpireélimalayan orogenic belt. The active tectonics of Turkey is the
consequence of the convergence between the African, Arabian plates in the south and the
Eurasian plate in the North which requires special attention to seismic issues in NPP projects.
Turkish regulatory requirements address this by including additional specific requirements for
seismicity of the site and the nuclear power plant. Akkuyu Nudtearer Plant Site is selected
becauseof the lowseismic activitiesf the region. Site is locateid one of themost favorable
seismic zones of Turkey. Seismic zones are presentagunet.

AFET VEACK DURUM YONETIV BASKANUGH
Oegrem Daves Baganidy
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Figure6 Seismic zones in Turkey

A plenty of seismic surveys and calculations have been carried out at Akkuyu site in the
past since 1976. Early seismic studies were performed under the auspibekish Electricity
Authority. Seismological studies were performed by the Geology Department of Mining
Research and Exploration Institute, Engineering Seismological Research Institute of Middle
East Technical University (METU), Geophysics Departmentanbu$ Technical University
(ITU), and also by a specially organized Engine€@amgulting Consortium ENG (EriRérger,

Basler und Hoffman).

Within the scope of the Akkuyu NPP project, these studies have been reviewed and
updated at the stage of engineaqg survey in 2011, the historical seismicity data for the area
were obtained by the following four research groups: ENVY/BU KOERI (Turkey);
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WorleyParsons Nuclear Services JSC (USA); Paul C. Rizzo Associates, Inc. (USA); Institute of the
Earth Physics of hRussian Academy of SciengéEP RAS (Russian Federation).

Historical data has been compiled and a new earthquake catalogue has been formed.
Since new technical capabilities became available since the time of seismic site surveys. A
sufficient number ® seismic stations for various purposes were established to become
possible to extend and update seismological database. A system ofegian instrumental
observations (up to 460 km) was set up by KOERI (Kandilli Observatory and Earthquake
Research Istitute). The local seismic network consists of nine stroraion and six weak
motion seismic stations.

2.1. Design basis

2.1.1. Earthquake against which the plams$ designed

The seismic hazard assessment made in the Site Parameters Report of Akkuyu NPP site
is basel on several independently developed earthquake source zoning models. Probabilistic
and deterministic seismic hazard analysis (PSHA and DSHA) was made for each zoning model.

The seismic design of Akkuyu NPP buildings and structures is developed in aceordan
with the requirements of N®31-nm W{ SAAaYAO 5SaAirday {il yRINRaA
included in the Licensing Bas#. [

Seismic analysis was based oanservative approaches in accordance with the
requirements of NFO31-01 [10], MP 1.5.2.05.999.002d nmm WY{ SAaYA O 5SaArdy
Nuclear Power Plants. Guidéls dpanMR 1.5.2.05.999.0026n mm W{ SAaYA O ! y I
5SaA3dy 2F bdzOf SI NJ 01 whcNard afsd intlic@dhn thik dideRst§ BasfsS a Q
[3].

According to Russian requirements for new NPP designs, seismic gveakd
acceleration (PGA) for the safe shutdown earthquake (SSE) shall be assumed at least 0.10 g
regardless of the site seismicity. Seismic accelerations for operating basis earthquakes (OBE)
shall be assumed at least 0.05g. According to Turkish regusat®i desighasis peak ground
acceleration shall be half the minimum S2 dedigsis acceleration. The minimum acceptable
value for S2 shall be 0.15g. These figures once again confirm the strictness of the Turkish
national requirements for seismic safety

Design parameters of SSE (10.000 years return period) and OBE level were determined
by probabilistic and deterministic approaches. Akkuyu NPP structures, sysytems and
components are designed based on the following peak ground accelerations:

i horizontd acceleration is 0.388 g during SSE
i horizontal acceleration is 0.194 g during OBE
i vertical acceleration is 0.295 g during SSE
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1 vertical acceleration is 0.147 g during OBE

Assessments made for Akkuyu NPP site are used to establish respecse and peak
ground accelerations for SSE and OBE with an equal probability of not exceeding the spectral
amplitudes. Underlying 3fheter soil strata with the average shear wave propagation velocity
Vso of 1,138m/s is assumed as the datum for the eptsite, to which the initial response
spectra are referenced. The exact depth mark (ordinance datum) of this surface is calculated
for each seismic section at the specified site stations.

The background seismicity events in seismic source models arelgtesk to occur on,
or outside a circle with radius at least 5 km around the site. Such and even larger distances
are proved to be safe on the basis of detailed site vicinity investigations (fault displacement
hazard analysis) with respect to potential Burface or near surface tectonic deformations in
the site vicinity including the offshore area.

In light of Fukushima NPP accident in 2011, seismic category | equipment is additionally
tested for earthquakes with an intensity 40% higher than the SSESSE4seismic analysis is
made using realistic approaches. In the event of such impact, the NPP is transferred to safe
state, the release of radioactive substances into the environment is prevented, but the NPP
may be lost for further commercial operation.

The analysis showed that the methods and approaches to assessment of design basis
seismic impacts and beyond design basis impacts were defined for Akkuyu NPP in accordance
with Licensing Basi8]|

2.1.2. Provisions to protect the plants against the design basis earthquake

The seismic resistance of reactor building containment components has been enhanced
(as compared to the reference power unit of Novovoronezh 2 NPP) ordatce with the
design requirements to improve the earthquake stability of Akkuyu NPP.

Building materials and prestressing elements used for the containment structure in the
Akkuyu NPP design have higher strength properties (comparing to the referene pow
of Novovoronezh 2 NPP). At the same time the containment lifetime is increased from 60 to
100 years with a corresponding increase in the number of-tegitness tests.Physical
separation principle is employed in the design of systems and comp®ranone of the
measures to protect NPP against earthquakes.

Layout solutions are developed for Akkuyu NPP so as to physically separate systems of
various seismic categories to rule out the effect of lower category equipment on higher
category equipmentinder seismic impacts.

If equipment and pipelines of different seismic categories are accommodated in the
same room, they are spaced, or equipment and pipelines of lower seismic category are
additionally detached to achieve structural integrity and stapili
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All the equipment, the failure of which may affect the operation of safetgortant
equipment, has either seismic category | or physically separated from safated
equipment in the NPP design. Thus, protection against secondary effects of estehegl
achieved. This means that safeglated equipment will not fail during an earthquake up to
SSE level inclusive.

One of the following approaches is used to analyze the interface of seismic category |
components with lower category Il and Ill compeoits:

1 checking the robustness (operability) of higher seismic category component
under loads caused by the failure of lower category component

1 lower seismic category components are designed for all external loads and
impacts to be covered in the desighan adjoining higher category component.
Contact interaction of structures not belonging to seismic category | with
category | structures as well as category | structures is excluded by aseismic joints
and layout solutions. The adequacy of aseismic joundth is verified by
calculations.

These measures allow preventing damage to safelgted components from indirect
seismic impacts.

Akkuyu NPP PSAR flemonstraesthat the plant is resistant to seismic impacts of OBE
and SSE levels. The main safety functions are performed, safety systems, structures and
components important for safety remain functional. Moreover, the NPP is designed to
accommodate seismic loaderabined with desigrbasis accidents.

2.1.3. Compliance of the plants with its current licensing basis

Akkuyu NPP is designed in accordance with regulations included in the Akkuyu NPP
Licensing BasiS]l An analysis of Licensing Basis of Akkuyu NPP Design for Compliance with
IAEA and Turkish Regulatory Requirements was done as part of the licensing process. It
demonstrated that the application of Russian regulations ensacegptable compliance with
the national requirements and IAEA safety standards, including seismic safety standards.

IAEA standards use two levelsiSand Si2 (SS& [9]) to evaluate seismic impacts.-SL
H £t SPSt Aada RSNAGYSR (2 LINRPOARS (KS Y2ad adNay
Sl-1 is usually associated with operational requirementsyonl

Similarly, Trkish Regulationhas defined[7] two levels: S1 for operational basis
earthquake (OBE) and S2 for safe shutdown earthquake (SSE).

Turkish Regulation on NPP Sitésgives a definition of the design levels S1 and S2:

W{mMY al EAYdzY SINIKIldzt 1S 3INRdzyR Y2iA2y f SO
experienced at the site area once during the operating life of the plant and carriedrmal
operation,
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S2: Earthquake ground motion level that corresponds directly safety limits and maximum
earthquake potential that can affect the site,

Levels S1 and S2 are determined based on seismotectonic considerations, seismicity and
knowledge of tle characteristics of site area geology and soil materials. The maximum
earthquake potential in the seismotectonic province of the site should be assumed to occur at
the site. Maximum earthquake potential provinces adjacent to the province of the sitelshoul
be assumed to occur at the locations on the province boundaries nearest to the site. An
appropriate attenuation function should be used to determine the ground motion intensity
GKAOK (GKSasS SINIKIdzZ {Sa ¢2dzZ R OFdzasS 4 GKS i

Turkish RegulatiorequiresS1 to be determined as minimum half of S2. The minimum
acceptable level for S2 is 0.19¢pr design basis earthquake there are OBE and SSE seismic
hazard levels defined in Russian codes and standards, which correspond to S1 and S2 (SL1 and
SL2).

In accordance with these requirements, a sufficient number of seismic investigations of
the region, area and site were done during Akkuyu NPP site and construction licensing.

According tdDecreeon Lieensing of Nuclear Installation$]:

We¢KS FLILX AOFYyGsE Ay 2NRSNJ G2 200FAy | &aadas
report comprising information about the evaluation of the site with respect to natural
phenomeh & dzOK & SIFNIKIldzZ1Sax Ff22Ra | yR aid2N)E

There are plenty of site survey reports concerning these issues.

The background seismicity events in seismic source models are postulated to occur on,
or outside a circle with rads at least &m around the site. Such and even larger distances
are proved to be safe on the basis of detailed site vicinity investigations (fault displacement
hazard analysis) with respect to potential for surface or near surface tectonic deformations i
the site vicinity including the offshore area.

Generalized threeomponent accelerograms were produced for SSE and OBE levels
compatible with the initial response spectra that meet the requirements of Russian
regulations NFD31-01 [10], NR006-98 [16], and do not contradict the requirements of the
Turkish regulatioi7] and IAEA recommendations (&9) [9].

The seismic hazard assessment on the basis of Probabilistic Seismic Hazard analysis
(PSHA) and Deterministic Seismic Hazard Analysis (DSHA) which &avedoke for each
zoning models have been evaluated. The final results of the three independent PSHA and
DSHA studies differed from each other by 10% or less.

In conclusion it shall be noted that this stress test is developed assuming that the actions
for maintaining the availability of equipment that transfer the reactor into safe state after
earthquake will be developed within a set of operating procedures. Besides, the procedures
for internal supervision over compliance with thEurkish safety requiremeng will be
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developed and put in force during the NPP commissioning according to the requirements of
the project licensing basis.

2.2. Evaluation of safety margins

IAEA Safety Guide S$[)] on seismic hazards emphasizes on using both deterministic
and probabilistic analyses when evaluating seismic hazard and ground motion for a nuclear
installatiors:

0Section 5.4 The ground mtion hazard should preferably be evaluated by using both
probabilistic and deterministic methods of seismic hazard analysis. When both deterministic
and probabilistic results are obtained, deterministic assessments can be used as a check
against probabilisc assessments in terms of the reasonableness of the results, particularly
when small annual rates of exceedance are considered. The probabilistic results allow
deterministic values to be evaluated within a probabilistic framework so that the annual rate
2F SEOSSRIyOS 2F SIOK &LISOGNIt 2NRAYLFGS 27

SS@ Section 7.4The assessment of seismic hazard by deterministic methods should
include:

oFor each seismogenic structure, the maximum potential magnitude shewddsumed
to occur at the point of the structure closest to the site area of the nuclear power plant, with
account taken of the physical dimensions of the seismic source. When the site is within the
boundaries of a seismogenic structure, the maximum paéntagnitude should be assumed
to occur beneath the site. In this case, special care should be taken to demonstrate that the
seismogenic structure is not capable.

However, IAEA guides on both DSHA and PSHA do provide any specific
recommendations how theesults of these assessments shall be dealt with. This is related to
the fact that some countries have their regulatory regimes based on deterministic approach
while the other countries use more risiformed approach.

The main difference between PSHA dD8HA is that PSHA uses seismic activity, while
DSHA uses only maximum earthquake magnitudes. For sites with expected very low activity,
DSHA produces higher results than probabilistic hazard values associated with the annual
probability of exceedance of ¥0lt is supposed to be the inverse for sites associated with high
activity (for instance, subduction belt zones and active fault zones).

PSHA and DSHA produced similar results for Akkuyu NPP seismic assessment. Such
results were not unexpected since akcessary requirements for surveys and calculations
were met and considering the seismotento environment of Akkuyu NPHB] [

The adequacy of design provisions \aasessed on the basis of standard safety margins.
Safety margin is the ratio between design value and maximum permissible value. Available
safety margins for safety important equipment were determined by conservative approach in
accordance with equipmenequirements.
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The assessment wadone by comparing the bearing capacity of structures and
components against the maximum design seismic impact. Safety margin may be determined
as a ratio of the actual bearing capacity of structural members under probaiplact to the
ground response with the safe shutdown earthquake covered by the design of structures,
systems and components.

Seismic impacts are presented as thh@mmponent accelerograms defined on the free
surface of the siteSeismic loads on the NPP ldings, structures and components are
determined using detailed three dimensional finite element models and considering the soil
structure interaction.

Seismic category | buildings and structures are designed for SSE seismic impact assuming
damping and eHctive stiffness values compatible with those defined in ASGE [44] and
ASCE 485 [15] documents.

Probabilistic seismic hazard is defined by the probability of exceedance of various strong
ground motions at the site within a specified period of time.

Identification and parameterization of seismic source zoning models{&8%3) include
epistemic and aleatory uncertainties. Epistemic uncertainties associated with failures,
maximum magnitude and magnitude recurrence as well as aleatory uncertainties associated
with the hypocentral depth are addressed in the logic tree afremodel.

Probabilistic assessment of seismic impacts using damage method is used to determine
the seismic vulnerability of NPP components during ground motions.

Two seismic hazard levels are considered in PSHA. Peak horizontal ground acceleration
(PGA) i9.3875 at S2 hazard level. Peak horizontal ground acceleration (PGA) is (S8)759
for the safe shutdown earthquake (SSE) and 0.184yfor operating basis earthquake (OBE).

The following types of failures of NPP components are considéted [

1 functional failures related to elasticity (spurious actuation of relays and breakers,
seizures of drives, elastic instability of vessel walls, excessive bendtads,
excessive mutual displacement of suppodsdted on a building structure),

9 brittle failures (anchor bolt and pin breaway and shear, welded seam break),

9 failures induced by limit states of elasticity (plastic moment in pipeline, casing
sectionsplastic deformations of cable trays and racks).

PSA considers seismic impacts only for those NPP system structures and components,
failures of which under seismic impacts may lead to the damage of equipment of systems that
transfer the NPP into safe state

Thresholds (safety margins), at which with 0.05 conditional probability of failure,
structure or element strength may be lost with 95% confidence probability HCLPF (High
Confidence of Low Probability of Failu(ESA Chapter 16)T], were calculated to assess the
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resistance of safety system structures and components to seismic impht. valueis

compared with design SSE PGA increased by 40%, i.e. with valué equii 2 M ®n PR ndoyy
the design threshold is not exceeded, 0.54g ensures operability of the systems retaining the
NPP in the safe state and preventing radioactive releases beyond the containment. If this level

of seismic impact is further increaseahe should expect significant plastic deformation of

inner containment of the reactor building with the sharp increase in the probability of
radioactive releases to environment.

The structural strength of seismic category | buildings and structures, reguip
process and other lines was separately tested for beyoesign basis seismic impact
exceeding SSE by 40%. In the event of seismic impact of 1.4 SSE level, the NPP is transferred
to safe state, radioactive releases are prevented. The possibilityrtiier commercial
operation may be lost.

The assessment results demonstrate that this value does not exceed the robustness
threshold (with assumed HCLPF) for the systems, structures and equipment that ensure the
safe shutdown of the RP. Main systems, stames and equipment have sufficient margins to
withstand 1.4 SSE loads. The inner containment remains tight, and reinforced concrete
structures of the containment retain their strength. The release of radioactive materials
beyond the containment as a relsof 1.4 SSE seismic impact is impossible.

Table3 contains the design thresholds of seismic impact causing the loss of robustness
of safety important buildings, structures and components of Akkuyu NPP and the loss of ability
to perform the assigned safety functions (PSA Chapégfl7].

Table3 Seismic impact thresholds for seismic category 1 structures and components

Loss of robustness HCLPF, g Safety function failure
, o Restriction of releases to environme
Certain bearingeinforced concrete 058 and reactor building equipment
structural elements of UJA building ' g equip
enclosures
Loss of _contamment tightness as a res 0.68 Restriction of releases to environme
of cracking
Bearingreinforced concrete structures @
SDGS building 11UBN 0.72 Safety systems power supply
Bearing reinforced concrete structures
SDGS building 11UBN 0.71 Safety systems power supply
Bearing reinforced concrete structures
secured pump house 11UQT2UQC 0.74 Heat removal from the core
Reactor vessel 3.58 Heat removal from the core
Reactor vessel support structures 2.93 Heat removal from the core
Reactor internals 249 Malnt'a'lnlng subcriticality and
reactivity control
SG support structures 1.11 Heat removal from the core
MCP components 2.05 Heat removal from the core
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Loss of robustness HCLPF, g Safety function failure
PRZ support structures 1.50 Heat removal from the core
PHRS support structures 1.79 Heat removal from the core
Hanger_support system of pipelines and 0.63 Heatremoval from the core
steam lines
Heatexphanger fastenings to the 0.61 Heat removal from the core
foundation
Fastenings of electric control cabinets,
inverters, rectifiers, switchgear, 0.52 Safety systems power supply
transformers
Battery fastenings to racks 0.42 Safety systems power supply
Fastenings of cable runs 0.41 Safety systems power supply
Fastenings of cable runs 0.41 Safety systems power supply

2.2.1. Range of earthquake leading to severe fuel damage

According to the guidelines to the scope of stresst report, the earthquake level
leading to accident with severe damagenoiclear fuel NF shall be determined in the safety

YENBAY Fylfedarad C2N KA A& LldzNLIgoints and diftedge2 t £ 2 ¢

effects: estimation of PGA above which loss of fundamental safety functions or severe

RFEYF3S (2 GKS Fdz8t oAy @SaasSt 2N Ay FdzSt aidz

According tdNP-001-97 in Licensing Basis, the average total core damage frequency
analyzed in the degh shall not exceetl0™ per NPP power unit per year.

IAEA Safety Guide SS@escribes the basic concept of the ProbabiliSgeesmic Hazard
Analysis (PSHA):

A N v A A

WedHDd ¢KS avYlftftSad lyydadf NIrdiS 2F SEOSSRI

of the probabilistic seismic hazard analysis (i.e. whether for design purposes or for input to a
seismic probabilistic safety assessiien | YR aK2dz R 6S AYyRAOI 0SR

A disaggregation procedure was developed to examine the spatial and magnitude
dependence of PSHA results. Its aim is to determine the magnitudes and distances that
contribute to the design exceedance frequgnduring a specified recurrence period and
during a structural period considered in the design. The hazard for the specified recurrence
period and during a specified ground motion period is broken down into selected magnitude
and distance bins. The relaé contribution to the total hazard of each bin is calculated by
dividing the bin exceedance frequency by the total exceedance frequency of all bins. The
results are displayed on a histogram showing the contribution (in percent) to the calculated
hazard.

To visualize the probabilistic seismic hazard analysis approach, it shows the probability
of events as a function of the peak ground acceleration. Thus, the considered significant range
of intensity impacts is divided into 8 intervals with a 0.05g step.
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Theabove intervals include design basis levels of OBE and SSE (S1, S2) and beyond design
f S@Sta o6AGK | yydp7f ThalEonzNNByhens cusda

0l aiAa

discretization over intervals is shownpeak ground acceleration PGA, dgrigure?.
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2.2.2. Range of earthquake leading to loss of containment integrity

The purpose of the containment is to limit the release of radioactivity to external
environment in case of a design basis accident, limit releases in case of beyond design basis
accidents, and rclose reactor building equipment and internal structures from possible
external impacts. The double containment is designed to achieve the above objectives.

Outer containment is made of ngore-stressed ferroconcrete and is designed for
impact of externalair shock wave, aircraft crash and external natural hazards. Outer
containment maintains the annulus tightness.

Inner containment is made of prestressed concrete with 6mm sealing steel lining and
designed to withstand DBA in combination with safe shutd@arthquake (SSE), as well as
BDBA covered in the design, and is capable of limiting radioactive substances generated in the
process 4.

Since the design covels4 SSE seismic impact, it is necessary to rate the containment
tolerance to this impact. The design assumes that the inner containment must retain its safety
function under the given impact to limit radioactive releases.

The earthquake level was rated ngi PSA datal[/], which may compromise the
containment integrity. The seismic resistance of reactor building structures and inner
containment was rated in order tetermine the threshold robustness. The minimum level of
seismic load leading to the reactor plant, safety system equipment and pipelines safety
function failure was assessed.

Peak ground acceleration (PGA) for 4d@seased SSE is assumed to be 0.54hidf
value is exceeded, the probability of outer containment failure sharply increases and the inner
containment of the reactor building may creep resulting in loss of integrity. The safety function
for limiting releases to the environment is failed.

Thresholds at which reactor building robustness and containment integrity may be lost,
are 0.68 and 0.58 g, respectively.

These values derived with the conditional probability of 0.05 and in the confidence
interval of 95% demonstrate that the figures confirmetsafety margin incorporated in the
design with respect to the containment that will retain its protective safety function at 1.4
SSE.

2.2.3. Earthquake exceeding the design basis earthquake for the plants emdsequent
flooding exceeding design basis flood

The sources of secondary effects of seismic impacts on Akkuyu NPP were assessed
during engineering surveys and the development of 8ite Parameters Repor][ Tsunani
waves are the most dangerous secondary effect of an earthquake.
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The Site Parameters Rep@B| includes studies of the maximum possible tsunami wave
height inthe vicinity of Akkuyu NPP site. The impact of tsunami on Akkuyu HBBnalyzed
in PSAR Chapter 3|]

Parameters of tsunami sources (deslugsis earthquakes), hich are capable of
generating the maximum impact on Akkuyu NPP site, were determined by simulation of
tsunami as secondary earthquakeduced impact.

Designbasis earthquakes that induce tsunamis (including the 10y@@0 recurrence
period assessment) we selected as input data for the computational models of the survey.
Probabilistic tsunami hazard assessment is used to calculate the peak coastal tsunami height
in the vicinity of Akkuyu NPP with the exceedance probability of 10,000 years.

Initially, when the analyses were carried out considering the native bathymetry of the
site, the maximum probable sea level in the vicinity of Akkuyu NPP site (once per 10,000 years)
equaled 10.05 m (tsunami7.97 m, + tideD.15 m, + storm wave seip - 0.6, + seasonal
variations- 0.15 m, + sea rise due to global warm#igO m, + barometric effects0.10 m, +
wind setup ¢ 0.08 m). A separate study was performed afterwards, considering the
construction of offshore hydraulic structures, the maximum probable sea ie\hE vicinity
of Akkuyu NPP site has been additionally estimated amounting to 8.63 m (tsuB.&Him
and all other sea level constituents of 2.08 m adverse effects which are comprising of: tide
0.15 m, storm wave saip-0.6 m, seasonal variatiorn§.15 m, sea rise due to global warming
- 1.0 m, barometric effects0.10 m, wind setip ¢ 0.08 m).

The grade elevation of main buildings and structures is 10.5 m (in FTODKystem of
elevations) that gives the sufficient safety margin for the NPP agjflooding. At the same
time, the cooling water system (water intake pipe, pumps, etc.) is designed for the maximum
sea level during tsunami and other limit states of the sea level.

The stability against hydrodynamic impacts ongbrore facilities waslso assessed as
part of the tsunami secondary effect assessment. The followinghame facilities were
assessed for stability:

1 breakwate dike,
bank protection structure
essential service pump stations

essential service pipeline tunnel

= == == =1

bank protecton support wall,
1 water intake facility

Breakwater dike forms a closed circuit at the location of the water intake facilities and
the shore line.
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The dike is built of rock material of various sizes (mass4@0lkg) with 1:2 slope ratio
from the seasiderd 1:1.75 from the side of inner water area before pump stations. Elevation
of the protection dike edge is +10.50, the width of the breakwater dike edge is 27.74 m.

The bank protection structure is designed as a pile of stone of the required mass on the
slope of the newly built territory with 1:2 slope ratio and is similarthe breakwater dike
structure. The slope shall be protected to +12.50 m from the seaside bgr8éntifer blocks
in two 6.36m layers.

Soil at the base of the bank protectistructure will be replaced with rock material.

Protection dike, water intake facility, essentsdrvice pump stations and essertial
service pipeline tunnel have seismic category I.

Heat removal from safety systems to the ultimate heat sink is designesgismic
category | and safety class 2 buildings (cooling water is supplied through two independent
trains).

The abovementioned structures can be destroyed during an earthquake exceeding SSE
level. Seismic impact threshold for seismic category 1 strustarel components for load
bearing reinforced concrete structures of the essersi@tvice pump station building, HCLPF
Aa notrn3d omen{{9 I mMdnPndoyy I ndpnIvd

The damage of water intake facility is also possible during an earthquake exceeding SSE.
Each wate intake structure has three reinforced concrete pipelines of 3.80x3.80m square
crosssection for each line with water intake portals, which significantly reduces the
probability of damage of all the pipelines during an earthquake exceeding SSE.

The damagéfailure) of all pipelines cannot lead to the complete blocking of sea water
supply to the essentiadervice pump station for two power units of the NPP at the same time,
because water flow through damaged pipelines and damaged breakwater dikes will be
maintained under such circumstances.

Nevertheless, hypothetically, heat removal to the primary ultimate heat sink may be
lost. In this case, the NPP design provides for the residual heat removal to the alternative heat
sink by passive systems during 72 hours

Thus, in combination with other factors that cause the maximum sea level, an
earthquake with its secondary impact (tsunami) will not lead to the flooding of Akkuyu NPP
site and the failure of the secured and conventional cooling system.

2.2.4. Measures which ca be envisaged to increase robustness of the plardgainst
earthquakes

The main goal of protection from external impacts is to preserve safety functions of
systems and components that perform these functions and maintain physical barriers that
prevent therelease of radioactive substances and radiation into the environment.
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Buildings and structures are designed taking into account the specified design impacts
in accordance with the current regulatory framework. Therefore, OBE and SSE have no
radiation congquences, additional strengthening measures are not required.

The outer containment is made of castsitu reinforced concrete and rules out the
brittle instantaneous failure (clfédge effect).

The acceleration threshold specified above for seismic gmate | structures is
determined with sufficient conservatism. The threshold can be further increased # non
conservative approach is applied. SSE margin is 0.68g (with assumed HCLPF) to maintain the
tightness of UJA building containment.

Nevertheless, thefollowing organizational and engineering arrangements are
recommended to further improve the safety and the design itself regarding the stability
against earthquakes and their secondary effects:

1 in addition to regular design solutions for power sources tlesign provides an
alternative diesebenerator set (ADGS) (PSAR Chapters 84]L3)dssible options for
this solution, including mobile equipent, are advisable to select and consider taking
into account its seismic stability. ADGS shall be more stable against seismic impacts
comparing to the systems that it is alternative to. If ADGS is normally located beyond
the site or the given region, is necessary to make organizational and engineering
arrangements for ADGS connection (delivery, deployment) taking into account
possible damage of distributionetwork access infrastructure,

1 relevant operating procedures shall be developed to maintawailability of
equipment required to transfer the reactor plant into a safe state after an earthquake

1 to improve stability of the plant against secondary effects of an earthquake (hamely
the integrity of bank protection structures) it is recommended &védlop a procedure
for regular inspections of bank protection structures, breakwater dike, water intake
facility, tunnels for essentiaervice pipelines.

CKSNEF2NBZ modn {{9 &SAaYAO AYLI OO 6AGK Yy
cliff edgeeffect. This margin is sufficient to ensure that the containment retains its integrity
when the seismic level is increased.

Page60of 152



3. FLOODING

According to the Turkish Regulation on Nuclear Power Plant SljesSéction 6,
Hydrological External Natural Events, the following flood effects have to be accounted in NPP
design:

G ! NI A-Q1) Booducausing events and their potential effects in tiggoreshall be
taken into account individually for sites on rivers and on the sea coasts including enclosed and
semtenclosed water bodies, gulfs and lakes coasts.

(2) In order to determine floods within the scope of design basis external event, the
probablistic or deterministic methods shall be used. If not possible to use those methods,
stochastic method is used. Uncertainties should be considered in analysis.

(3) Oceanographic, hydrological, meteorological and topographical information
including seismidata shall be collected relevant to coastal sites. Collected data is compared
with using suitable scale maps, tables and graphics, by using aerial photographs and satellite
images, probable areas that are subject to flood hazards should be identified.

(4) Hydrological and meteorological data over a minimum of 50 years should be
collected.

(5) In addition to hydrological and meteorological events such as the failure of water
retaining structures like dam break that may cause flooding separately, flood #nabocurs
with combinations of events should be analysed.

(6) Parameters of tsunami or seiche that can affect the plant, is determined via
deterministic and probabilistic methods and whenever possible, these results should be verified
with reviewing of hiwrical records and seiche data on coastal region at site vicinity.
Conservative approach is used in case of disharmony.

(7) The nature and breaking mechanism of the waves and for the entire range of water
elevations that are expected should be identifiadd the hydrostatic and hydrodynamic
f2FRAY3 2y &a0NHzZOGdzNBa AYLRNILIYyd G2 alfFsSie ack

3.1. Design basis

Akkuyu NPP site bay is situated along the Mediterranean coastline in the Mersin
Province of Southern Turkey and is located 140 km isesthwest of Mersin Harbor, 50 km
southeast of Glnar and 100 krmorth of the island of Cyprugigure9).

The site lies in a bay along the Mediterranean coastline in the Mersin Province of
Southern Turkey. Site is located adjacent to Akkuyu Bay, a smaleselosed body of water
connected tahe Mediterranean Sea. The topography of Akkuyu NPP site is a flat coastal plain
rising 0 to 50 m above sea level surrounded by hills up to 270 m high. Akkuyu NPP site adjoins
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