umweltbundesamt®

ENVIRONMENT AGENCY AUSTRIA

NPP South Ukraine

Lifetime Extension EIA

~ e A

= S

<\

"= Federal Ministry
Republic of Austria
Climate Action, Environment,
Energy, Mobility,
Innovation and Technology

pulswerk



umweltbundesamt®

ENVIRONMENT AGENCY AUSTRIA

NPP SOUTH UKRAINE
LIFETIME-EXTENSION
ENVIRONMENTAL IMPACT
ASSESSMENT

Expert Statement

Oda Becker
Kurt Decker
Gabriele Mraz

"= Federal Ministry
Republic of Austria
Climate Action, Environment,
Energy, Mobility,
Innovation and Technology

REPORT
REP-0774

pulswerk

. ey Oklg s VIENNA 2021



Project Manager

Authors

Translations and

english editing

Layout/Type setting

Title photograph

Contracting authority

Publications

Imprint

Franz Meister

Oda Becker, technical-scientific consultant (content project management,
chapters 7, 8, 10)

Kurt Decker (chapter 9)

Gabriele Mraz, pulswerk GmbH (project coordinator, chapters 4, 5, 6, 11)

Patricia Lorenz

Thomas Loessl

© iStockphoto.com/imagestock

Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation
and Technology, Directorate VI/9 General Coordination of Nuclear Affairs

GZ: BMNT-UW.1.1.2/0019-1/6/2018

For further information about the publications of the Umweltbundesamt please
go to: https://www.umweltbundesamt.at/

Owner and Editor: Umweltbundesamt GmbH
Spittelauer Laende 5, 1090 Vienna/Austria

This publication is only available in electronic format at https://www.umweltbundesamt.at/.

© Umweltbundesamt GmbH, Vienna, 2021

All Rights reserved

ISBN 978-3-99004-597-8


https://www.umweltbundesamt.at/
https://www.umweltbundesamt.at/

NPP South Ukraine Lifetime Extension EIA - Contents

CONTENTS

SUMMARY ...ttt ettt st bbb e b b e reneens 6
ZUSAMMENFASSUNG .........c.oooiiiiiiiinienteteeeeete ettt sttt st sanesaaesaees 11
PESHOME ..ottt 17
INTRODUCTION ...ttt ettt et st 23
1 PROCEDURE AND ALTERNATIVES ........ccccoooiiiiiniineiieeieeieeiesie e 24
1.1 Treatment in the EIA documents ............cc.ccocvineinninnncnnceene 24
1.2 DISCUSSION ...t 25
1.3 Conclusions, questions and preliminary recommendations........... 26
1.3.1 QUESTIONS ittt e s e e e e e s abbareeeeeesessssraeesesssenansres 27
1.3.2  Preliminary Recommendations: ......cccverieirenieinenietsenieesreseeseevesieseenens 27
2 SPENT FUEL AND RADIOACTIVE WASTE .......cccoooiriiniinieneeneenieeie e 28
21 Treatment in the EIA documents ............cc.ccocviniinineinincnneene 28
2.2 DISCUSSION ...t 29
2.3 Conclusions, questions and preliminary recommendations........... 30
2.3.1 QUESTIONS ittt et be e e e e e e seabbareeeseesesssssraeesesssennnnres 30
2.3.2  Preliminary RecOommendations: ........cccverueerenieenenieenenieesesieneeesieseenens 30
3 LONG-TERM OPERATION OF REACTOR TYPE.........cccccccvvviirierienieneenne 31
3.1 Treatment in the EIA documents ............cc.ccoovineinininninenneeene 31
3.2 DISCUSSION ...t 34
3.3 Conclusions, questions and preliminary recommendations........... 47
3.3.1 QUESTIONS .ttt e e e e e s bbb b e e eeeesessssranesesssennnsres 48
3.3.2  Preliminary RecOommendations: ........cccvevueereneienenieenenieeeesieneeesieneenens 49
4 ACCIDENT ANALYSIS ...ttt sttt st st saae s saaesbaes 51
4.1 Treatment in the EIA documents ............cccccoovineinineininenneene 51
4.2 DISCUSSION ...ttt 56
4.3 Conclusions, questions and preliminary recommendations........... 62
4.3.1 QUESTIONS ittt sab e e e e e s abbbreeeeeesessbsbaeeseeeeesnnnres 64
4.3.2  Preliminary Recommendations: .....c.ccceveverieeneninienienieeseneee e seenene 64
5 ACCIDENTS DUE TO EXTERNAL HAZARDS............ccocovvviriirienieieeieenen, 65
5.1 Treatment in the EIA documents ............cccccoovineinineininenneene 65

Umweltbundesamt ® REP-0774, Vienna 2021 | 3



5.2

5.3
5.3.1
53.2

6.1
6.2

6.3
6.3.1
6.3.2

71
7.2

7.3
7.3.1
7.3.2

8.1
8.1.1
8.1.2

8.2
8.2.1
8.2.2

8.3
8.3.1
8.3.2

8.4
8.4.1
8.4.2

8.5
8.5.1
8.5.2
8.6
8.6.1
8.6.2

NPP South Ukraine Lifetime Extension EIA - Contents

DISCUSSION ...t 66
Conclusions, questions and preliminary recommendations........... 68
QUESTIONS ittt e e e e e e s abbbreeeeeesessbsbaeesesssennnsres 69
Preliminary Recommendations: .......ccceveverieienenieieneniecsienee s 70
ACCIDENTS WITH THIRD PARTIES' INVOLVEMENT ...........ccccceevinnnnen. 71
Treatment in the EIA documents ............cccccoovineinineininenneene 71
DISCUSSION ...t 71
Conclusions, questions and preliminary recommendations........... 74
QUESTIONS ittt sbb e e e e e s sbbareeeeessessssrasesesssennnnres 74
Preliminary Recommendations: .......ccceceverieienenieenenieeseneeese e 75
TRANS-BOUNDARY IMPACTS.......coiiieeeeeneereeneee et 76
Treatment in the EIA documents ............cc.ccocvineininenninenneneene 76
DISCUSSION ...ttt 76
Conclusions, questions and preliminary recommendations........... 78
QUESTIONS ittt et e e e e e s abbbreeeeessessssraeeseeesennnnres 79
Preliminary Recommendations: .......cccceveverieiinenieinenieeseneeeseseee e 79

SUMMARY OF QUESTIONS AND PRELIMINARY

RECOMMENDATIONS ..ottt 80
Procedure and alternatives...............ccccoveinneinnccnncnnceeee 80
QUESTIONS: ettt ettt ettt re e s te e s be e st e e sbeesabeesbaesbaesbaeensaean 80
Preliminary Recommendations: ..o 80
Spent Fuel and radioactive waste..............c.ccccocvevvinineinenenninenen 80
QUESTIONS: ettt ettt ettt re e s te e s be e st e e sbeesabeesbaesbaesbaeensaean 80
Preliminary Recommendations: ..o 81
Long-term operation of reactor type ...........ccocvevvineneieneneceneneeenn, 81
QUESTIONS .ttt ettt et re e s te e s be e st e e sbeesabeesbaessbaesbaeensaean 81
Preliminary Recommendations: .........cccvveinineinnncinncnecneecnnnes 81
Accident analysis..........ccccoviviiiininic e 83
QUESTIONS: ettt ettt a e s ae e s be e st e e sbeesabeesbaessbaesbaeenseean 83
Preliminary Recommendations: ..o 83
Accidents due to external hazards ...........c..cccooeivneinncinncinneene 84
QUESTIONS: ettt re e re e s be e st e e sbeeeabeesbaessbaesbaeenbaean 84
Preliminary Recommendations: .........coccvveinniinnncinneneneennnes 85
Accidents with third parties’ involvement...............cccccoconevninennnnn. 85
QUESTIONS: ettt ettt re e st e e s be e st e e sbeesabeesbaesabaesbaeensaean 85
Preliminary Recommendations: .........cccvveinineinnncinncnecneecnnnes 86

Umweltbundesamt ® REP-0774, Vienna 2021 | 4



8.7
8.7.1
8.7.2

10

1

12

NPP South Ukraine Lifetime Extension EIA - Contents

Trans-boundary impacts............cocovvevinieinineineeee e 86
QUESTIONS ettt ettt cetre e eetre e etreeeeebe e e eebaeeeestbeeeeebbesessssaeesesbaeeeensresesnnns 86
Preliminary Recommendations: ........cccvveinniinneinneneneennnes 86
REFERENCES .........cooiiiiiiieeneereretee ettt 87
LIST OF TABLES ........ooooieieieieerrees ettt 91
LISTOF FIGURES ..........oooiiiiiiiieeeeeteeie st 92
GLOSSARY ..ottt ettt e 93

Umweltbundesamt ® REP-0774, Vienna 2021 | 5



NPP South Ukraine Lifetime Extension EIA - Summary

SUMMARY

The Ukrainian nuclear power plant South Ukraine (SUNPP) is located at the
Southern Bug River in the Mykolaiv province. At the South Ukraine site, three
VVER-1000 reactors are in operation. The reactors were connected to the grid
between 1982 and 1989.

The NPP is owned by the State Enterprise “National Nuclear Energy Generating
Company Energoatom” (SE NNEGC), in short Energoatom. SE SUNPP is a sepa-
rate entity of Energoatom.

For the lifetime extension of SUNPP, the Ukrainian side is conducting an Envi-
ronmental Impact Assessment (EIA) under the Espoo Convention. Austria has
been notified by Ukraine and decided to participate in the EIA. In Austria, the
public can comment on the EIA document from 21 June until 30 July, 2021.

The objective of the Austrian participation in the EIA procedure is to minimise or
even eliminate possible significant adverse impacts on Austria which might re-
sult from this project.

Procedure and alternatives

According to the Espoo Convention it shall be ensured that the opportunity to
participate provided to the public of the affected Party is equivalent to that pro-
vided to the public of the Party of origin. This has not been the case here be-
cause not all EIA documents were provided; the public of Ukraine received more
documents.

The EIA documents that were submitted to Austria are dated 2015 and there-
fore do not reflect the development of the last years and they need to be up-
dated.

The licenses for the lifetime extensions for SUNPP 1-3 have already been issued
before the completion of the trans-boundary EIA. This is not in line with the Es-
poo Convention, which requires an EIA to be conducted prior to a decision to
authorize the proposed activity. Whether the results of this trans-boundary EIA
will be taken into account and in which manner needs clarification.

Also lacking is the assessment of reasonable alternatives and the no-action al-
ternative - both should be assessed in an EIA.

Spent fuel and radioactive waste

The EIA documents do not provide information on volumes and activities of ra-
dioactive wastes generated during the SUNPP lifetime extension or complete in-
formation on the status of conditioning facilities, interim and final storages for
the radioactive waste. This needs further clarification.

Spent fuel is shipped to Russia for temporary storage and reprocessing. In 2021,
the dry interim storage CSFSF in Chernobyl has started operation. It is not clear
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how much of the spent fuel from the lifetime extension of SUNPP will be
shipped to Russia and how much will be stored in the CSFSF. This has to be veri-
fied. It also has to be verified if the capacity of the CSFSF is sufficient for the
spent fuel from SUNPP's lifetime extension, taking into account that it will be
used for all Ukrainian NPP except Zaporizhzhya NPP and all units which un-
dergo lifetime extension.

Spent fuel and radioactive waste can cause adverse environmental impacts and
therefore it will be welcomed if the Ukrainian side provides more information
on its national nuclear waste management plan.

Long-term operation of the reactor type

Although ageing of the 32-, 35 and 39-years old structures, systems and compo-
nents is a safety issue for the SUNPP units 1-3, it is not addressed in the EIA doc-
uments. A comprehensive ageing management program (AMP) is necessary to
limit ageing-related failures at least to a certain degree. But no information
about an AMP is provided in the EIA documents. The IAEA PRE-SALTO Mission
for SUNPP 3in 2018, however, found that the current safety analysis report and
the periodic safety review are not sufficiently comprehensive to demonstrate
the safety for the Long Term Operation (LTO) period.

Also, the Topical Peer Review (TPR) “Ageing Management” carried out in 2017
under the Nuclear Safety Directive 2014/87/EURATOM identified several devia-
tions of the TPR expected level of performance that should be reached to en-
sure an acceptable ageing management throughout Europe. The results of the
TPR and the activities to remedy the weaknesses should be presented in the EIA
documents, in particular the very important safety issue of the embrittlement of
the reactor pressure vessels (RPVs).

Although conceptual ageing is also an issue for the SUNPP, the EIA documents
do not deal with any of the safety issues of the VVER-1000 reactors. NPP designs
that were developed in the 1980s and like the VVER-1000 reactors only partly
meet modern design principles concerning redundancy, diversity and physical
separation of redundant subsystems or the preference of passive safety sys-
tems. The EIA documents do neither provide a description of the safety-relevant
systems nor information about the capacities, redundancies and physical sepa-
ration. The old VVER reactor type has several design weaknesses, which cannot
be resolved by performing back-fitting measures.

Although safety relevant issues were not completely solved, the State Nuclear
Regulatory Inspectorate of Ukraine (SNRIU) granted 10-year lifetime extensions
for the three SUNPP units in 2013, 2015 and 2020, respectively. The EU Stress
Tests had revealed as early as 2011 that Ukrainian NPPs are compliant only with
172 of the 194 requirements according to the IAEA Design Safety Standards
published in 2000. Implementation of necessary improvements is under way in
the framework of the ongoing Comprehensive (Integrated) Safety Improvement
Program (C(I)SIP). The completion of the program was postponed several times.
As of March 31, 2021 still a high number of measures are awaiting implementa-
tion. In spite of some progress the program ran into a long delay. From a safety
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point of view, it is incomprehensible that the completion of the measure was
not a prerequisite for the lifetime extension.

In 2014, WENRA published a revised version of the Safety Reference Levels (RLs)
for existing reactors to take into account lessons learned from the Fukushima
Daiichi accident. Ukraine has not implemented 88 RL out of the 342 until Janu-
ary 1, 2019. A major update of the RLs was the revision of Issue F "Design Exten-
sion of Existing Reactors" introducing the concept of Design Extension Condi-
tions (DEC). This concept is not applied for the SUNPP. All in all, a significant gap
remains between the required safety standard and the actual safety level of the
SUNPP units.

Accident Analysis

The provided EIA documents give information about Design Basis Accidents
(DBA) including the scenarios, the releases and the consequences. The infor-
mation about Beyond Design Basis Accidents (BDBA), however, is very limited.
Neither the possible accident scenarios nor the source terms are provided.

In order to assess the consequences of BDBAs, it is necessary to analyse a range
of severe accidents, including those with containment failure and containment
bypass, severe accidents which can occur at the VVER-1000 reactor type.

The accident analyses in the EIA documents should use a possible source term
derived from the calculation of the current probabilistic safety analyses PSA
level 2. Even though the calculated probability of severe accidents with a large
release is very low, the consequences caused by these accidents are potentially
enormous.

The conclusion of SNRIU that the units are operating safely with an acceptable
level of risk cannot be agreed on the basis of the available information.

According to ENSREG (2015), maintaining containment integrity under severe
accident conditions remains an important issue for accident management. Fil-
tered containment venting is a well-known approach to prevent containment
overpressure failure, but it is not implemented at unit 3 of the SUNPP yet. Fur-
thermore, there is no system for cooling and stabilizing a molten core for the
SUNPP available. In the framework of the Stress Tests a strategy for possible co-
rium confinement within the reactor pressure vessel has to be analyzed by
2023. The deadline was postponed from 2015. It is not known whether there
will be any result, which would lead to the implementation of an appropriate
measure.

As far as can be seen from the documents provided and available, there is still a
high probability that accident scenarios will develop into a severe accident that
threatens the integrity of the containment and results in a large release.

The results of the EU Stress Tests have revealed many shortcomings in the pre-
vention of severe accidents and the mitigation of its consequences. One charac-
teristic of nuclear safety in the Ukraine is the constant severe delay of the imple-
mentation of upgrading measures.
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Furthermore, and even more important, state of the art safety standards like
consideration of “design extension condition” are still not envisaged. Thus, even
after the implementation of all measures there will remain a considerable gap
between the safety level agreed in Europe and the safety level of the SUNPP.

Itis also state of the art to use the WENRA “Safety Objectives for New Power Re-
actors” as a reference for identifying reasonably practicable safety improve-
ments. However, the EIA documents do not mention this WENRA safety objec-
tives. According to the WENRA safety objective core melt accidents which would
lead to early or large releases would have to be practically eliminated. Even if
the probability of an accident sequence is very low any additional reasonably
practicable design features, operational measures or accident management
procedures to lower the risk further should be implemented for the SUNPP.

Accidents due to external hazards

The documents available to the experts do not contain a systematic assessment
of natural hazards. The EIA documents do not encompass information as to
whether all natural hazards relevant to the site were taken into account in the
site assessment in the most recent periodic safety review (PSR) or in the LTO
project. Documents do not provide information on the types of hazards or haz-
ard combinations that apply to the SUNPP site, the severity of hazards, the defi-
nition of adequate design basis events with occurrence probabilities of 10 per
year, and the protection of SUNPP against natural hazards. On seismic hazards
the EIA provided only sparse information. In addition to more detailed data on
seismic hazards, information on external flooding caused by rivers, all types of
extreme meteorological phenomena including climate change and possible haz-
ard combinations should be provided in an EIA process.

Information on natural hazards that have potentially negative impacts on the
safety of the SUNPP is therefore insufficient. It cannot be concluded from the
EIA documents that the 3 units of SUNPP are adequately protected from the ef-
fects of natural hazards. Since Austria can potentially be affected by the conse-
quences of accidents caused by natural hazards, this fact is relevant in the on-
going EIA.

Accidents with third parties’ involvement

Terrorist attacks and acts of sabotage can have significant impacts on nuclear
facilities and cause severe accidents - also on the SUNPP. Nevertheless, they
are not discussed in the EIA documents. In comparable EIA Reports such events
were addressed to some extent.

Even if the current physical protection system that was increased significantly
after Russia’s aggressive actions in eastern Ukraine and the probability of terror
acts and sabotage is considered being low, this kind of attacks is possible. Alt-
hough precautions against sabotage and terror attacks cannot be discussed in
detail in the EIA procedure for reasons of confidentiality, the necessary legal re-
quirements should be set out in the EIA documents.
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Information regarding the issue of terror attacks would be of great interest,
considering the large consequences of potential attacks. In particular, the EIA
documents should include detailed information on the requirements for the de-
sign against the targeted crash of a commercial aircraft. This topic is of particu-
lar importance because the reactor buildings of all SUNPP units are vulnerable
against airplane crashes.

A recent assessment of the nuclear security in Ukraine points to shortcomings
compared to necessary requirements for nuclear security: The 2020 Nuclear
Threat Initiative (NTI) Index assesses nuclear security conditions related to the
protection of nuclear facilities against acts of sabotage. With a total score of 65
out of 100 points, Ukraine ranked only 29 out of 47 countries, which indicates a
low protection level. It has to be pointed out that the low scores for “Insider
Threat Prevention” and “Cybersecurity” indicate deficiencies in these issues. It is
recommended to invite the International Physical Protection Advisory Service
(IPPAS) of the IAEA that assisted states in strengthening their national nuclear
security regimes, systems and measures.

Trans-boundary impacts

For SUNPP severe accidents including containment failure and containment by-
pass with releases considerably higher than assumed in the EIA document can-
not be excluded. Such worst case accidents should be included in the assess-
ment since their effects can be widespread and long-lasting and even countries
not directly bordering Ukraine, like Austria, can be affected.

The conclusion drawn in the EIA document that there are no non-acceptable
trans-boundary impacts cannot be considered sufficiently proven because
worst case scenarios have not been analysed. The results of the flexRISK project
indicated that after a severe accident, the average Cs-137 ground depositions in
most areas of the Austrian territory could exceed the threshold for agricultural
intervention measures (e. g. earlier harvesting, closing of greenhouses). There-
fore, Austria could be significantly affected by a severe accident at SUNPP.
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ZUSAMMENFASSUNG

Das ukrainische Kernkraftwerk Stidukraine (SUNPP) liegt am Sudlichen Bug in
der Oblast (Verwaltungseinheit) Mykolajiw. An diesem Kernkraftwerksstandort
sind drei WWER-1000 Reaktoren in Betrieb. Die Reaktoren gingen zwischen
1982 und 1989 ans Netz.

Das KKW steht im Eigentum des Staatsunternehmens “National Nuclear Energy
Generating Company Energoatom” (SE NNEGC), kurz Energoatom. SE SUNPP
wiederum ist eine eigene Einheit von Energoatom.

Die ukrainische Seite flhrt eine Umweltvertraglichkeitspriifung im Rahmen der
Espoo-Konvention fur die Lebensdauerverlangerung des KKW Stidukraine
(SUNPP) durch. Osterreich wurde von der Ukraine notifiziert und entschloss sich
zur Beteiligung an dieser UVP. In Osterreich ist es der Offentlichkeit méglich,
den UVP-Bericht von 21. Juni bis 30. Juli 2021 einzusehen und Stellungnahmen
abzugeben.

Das Ziel der Beteiligung Osterreichs am UVP-Verfahren ist die Minimierung oder
sogar Eliminierung méglicher signifikanter negativer Auswirkungen auf Oster-
reich, die von diesem Projekt ausgehen kénnten.

Verfahren und Alternativen

Laut der Espoo-Konvention ist sicherzustellen, dass die der Offentlichkeit der
betroffenen Vertragspartei gebotene Mdglichkeit zur Beteiligung gleichwertig zu
derjenigen der Offentlichkeit der Ursprungspartei ist. Das war hier nicht der
Fall, da nicht alle UVP-Unterlagen zur Verfugung gestellt wurden und die ukrai-
nische Offentlichkeit mehr Unterlagen zur Einsicht erhalten hat.

Die UVP-Dokumente, die Osterreich Gbermittelt wurden, sind mit 2015 datiert
und spiegeln daher die Entwicklungen der letzten Jahre nicht wider und bedur-
fen einer Aktualisierung.

Die Genehmigungen fur die Lebensdauerverlangerungen von SUNPP 1-3 wur-
den bereits vor Abschluss der grenziberschreitenden UVP erteilt. Das wider-
spricht den Vorgaben der Espoo-Konvention, die die Durchfihrung einer UVP
vor Erteilung der Genehmigung fir eine geplante Aktivitat vorsieht. Daher erfor-
dert es nun eine Klarstellung durch die ukrainische Seite, ob und auf welche
Weise die Ergebnisse dieser grenziiberschreitenden UVP berucksichtigt werden.

Daruber hinaus fehlt eine Bewertung von vernunftigerweise durchfuhrbaren Al-
ternativen und der Null-Variante, die beide in einer UVP zu prifen sind.

Abgebrannte Brennelemente und radioaktiver Abfall

Die UVP-Unterlagen enthalten keine Information Uber die Mengen und Aktivita-
ten des radioaktiven Abfalls, der wahrend der Lebensdauerverlangerung des
KKW Sudukraine erzeugt wird, ebenso fehlen umfassende Angaben zum Status
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der Konditionierungsanlagen, Zwischenlager und Endlager fir radioaktive Ab-
falle. Dazu sind weitere Information zur Verfligung zu stellen.

Zurzeit werden die abgebrannten Brennelemente zur zwischenzeitlichen Lage-
rung und Wiederaufbereitung nach Russland transportiert. Im Jahr 2021 wurde
der Betrieb im Trocken-Zwischenlagers CSFSF in Tschernobyl aufgenommen. Es
ist unklar, wie viele abgebrannte Brennelemente aus der Lebensdauerverldange-
rung von SUNPP nach Russland verbracht und wie viele davon im CSFSF gela-
gert werden. Diese Frage ist noch zu klaren. Ebenso zu kléren ist die Frage, ob
die Kapazitat des CSFSF fur die abgebrannten Brennelemente aus der Laufzeit-
verlangerung von SUNPP ausreichen wird, da dieses Zwischenlager flr die Lage-
rung von abgebrannten Brennelementen aller ukrainischer Kernkraftwerke au-
[Rer Zaporoshe und aller Lebensdauerverlangerungen dieser Reaktoren verwen-
det werden wird.

Abgebrannte Brennelemente und radioaktiver Abfall kdnnen negative Umwelt-
auswirkungen haben, daher ware es zu begrien, wenn die ukrainische Seite
weitere Informationen lber das nationale Entsorgungsprogramm zur VerfU-
gung stellen wirde.

Langzeitbetrieb des Reaktortyps

Obwohl Alterung der 32, 35 und 39 Jahre alten Strukturen, Systeme und Kompo-
nenten ein Sicherheitsproblem fir die Blocke 1-3 des KKW Stidukraine darstellt,
wird sie in den UVP-Unterlagen nicht angesprochen. Ein umfassendes Pro-
gramm fur das Alterungsmanagement (AMP) ist n6tig, um das alterungsbe-
dingte Versagen zumindest in einem gewissen Umfang zu beschrénken. Die
UVP Unterlagen enthalten keine Informationen zum AMP. Die IAEO PRE-SALTO
Mission fir SUNPP 3 im Jahre 2018 kam jedoch zu dem Schluss, dass die aktuel-
len Sicherheitsanalysen und die Periodische Sicherheitsprifung nicht umfas-
send genug waren, um den Sicherheitsnachweis fiir den Langzeitbetrieb (LTO)
zu erbringen.

Auch die Topical Peer Review (TPR) zum Thema “Alterungsmanagement”, die im
Rahmen der Nuklearen Sicherheitsrichtlinie 2014/87/EURATOM im Jahr 2017
durchgefuhrt wurde, identifizierte einige Abweichungen zum erwarteten Leis-
tungsniveau, das erreicht werden sollte, um ein akzeptables Alterungsmanage-
ment in ganz Europa sicherzustellen. Die Resultate der TPR und die vorgeschla-
genen Mallnahmen zur Behebung der Schwachstellen sollten in den UVP-
Unterlagen dargestellt werden, insbesondere die sehr wichtige Sicherheitsfrage
der Versprédung des Reaktordruckbehalters (RDB).

Obwohl die konzeptuelle Alterung fiir SUNPP auch ein Problem darstellt, befas-
sen sich die UVP-Unterlagen nicht mit den Sicherheitsdefiziten der WWER-1000
Reaktoren. KKW Designs, die in den 80er-Jahren entwickelt wurden wie die
WWER-1000, entsprechen bei Redundanz, Diversitat und physischer Trennung
und Bevorzugung passiver Sicherheitssysteme nur teilweise modernen Ausle-
gungsprinzipien. Die UVP-Unterlagen beschreiben weder die sicherheitsrelevan-
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ten Systeme noch die Kapazitaten, Redundanzen oder physische Trennung. Die-
ser alte WWER-Reaktortyp weist einige Designdefizite auf, die durch Nachrust-
malnahmen nicht behoben werden kénnen.

Obwohl die sicherheitsrelevanten Themen noch nicht vollstandig geklart waren,
gewahrte die die ukrainische Atomaufsichtsbehérde SNRIU (State Nuclear Regu-
latory Inspectorate of Ukraine) eine Lebensdauerverlangerung von 10 Jahren fur
die drei Blocke des SUNPP bis 2013, 2015 und 2020. Bereits 2011 zeigten jedoch
die EU Stresstests, dass die ukrainischen KKW nur 172 der 194 Anforderungen
der IAEO Design Safety Standards von 2000 erfullen. Die Umsetzung der not-
wendigen Sicherheitsverbesserungen wird im Rahmen des laufenden Pro-
gramms Comprehensive (Integrated) Safety Improvement Program (C(1)SIP) vor-
genommen. Der Abschluss des Programms wurde wiederholt verschoben. Mit
Stand 31. Marz 2021 war noch eine grof3e Zahl an MaRnahmen nicht umgesetzt.
Trotz einiger Fortschritte ist das Programm im deutlichen Verzug. Unter dem As-
pekt der Sicherheit ist nicht nachvollziehbar, wieso der Abschluss der Mal3nah-
men keine Voraussetzung fur die Lebensdauerverlangerung darstellt.

Im Jahre 2014 veroffentlichte die WENRA eine revidierte Version der Sicherheits-
referenzlevels (RL) fir bestehende Reaktoren, die die Erfahrungen aus dem Un-
fall in Fukushima Daiichi bertcksichtigen sollten. Die Ukraine hatte am 1. Janner
2019 88 der 342 Referenzlevel noch nicht implementiert. Eine wesentliches Up-
date der RL war die Revision des Issue F "Design Extension of Existing Reactors"
durch die Einfuhrung des Auslegungskonzepts der Design Extension Conditions
(DEC), der Erweiterten Auslegungsbedingungen. Dieses Konzept wurde flr
SUNPP nicht angewandt. In Summe bleibt eine signifikante Kluft zwischen dem
erforderlichen Sicherheitsniveau und dem tatsachlichen Sicherheitsniveau der
Blocke des KKW SUNPP bestehen.

Unfallanalyse

Die zur Verflgung gestellten UVP-Unterlagen enthalten Angaben zu Auslegungs-
storfallen einschlielich Szenarien, Freisetzungen und deren Konsequenzen. Zu
den auslegungsuberschreitenden Unfallen (BDBA) sind die Informationen je-
doch eingeschrankt, weder mogliche Unfallszenarien noch Quellterme werden
angefuhrt.

Fir die Einschatzung von Konsequenzen der BDBA ist es notwendig eine Reihe
von schweren Unfallen zu analysieren, einschlielich solcher mit Containment-
versagen und Containment-Bypass, schwere Unfalle, die beim WWER-1000 Re-
aktortyp auftreten kénnen.

Fir die Unfallanalyse in der UVP-Dokumentation sollte ein moglicher Quellterm
von der Berechnung der aktuellen Probabilistischen Sicherheitsanalyse (PSA)
Level 2 abgeleitet werden. Wenn auch die berechneten Wahrscheinlichkeiten
far schwere Unfalle mit groBen Freisetzungen sehr gering sind, so sind die Kon-
sequenzen dieser Unfalle potenziell sehr grol3.
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Der Schlussfolgerung von SNRIU, wonach die Blocke sicher und mit einem ak-
zeptablen Risiko betrieben werden, kann auf der Grundlage der vorliegenden
Informationen nicht zugestimmt werden.

Dem Dokument ENSREG (2015) zufolge ist der Erhalt der Containment-Integritat
bei schweren Unfallen ein wichtiger Faktor im Unfallmanagement. Eine geeig-
nete MaRnahme gegen Versagen durch Containment-Uberdruck ist die gefil-
terte Containmentdruckentlastung (Filtered Containment Venting), die aller-
dings in Block 3 des SUNPP noch nicht installiert wurde. Dartber verfugt SUNPP
Uber kein System zur Kuhlung und Stabilisierung des geschmolzenen Reaktor-
kerns. Im Rahmen der Stresstests sollte bis 2023 eine Strategie fur einen mogli-
chen Ruckhalt der Kernschmelze innerhalb des Reaktordruckbehélters erarbei-
tet werden. Diese Deadline war bereits 2015 gesetzt und wurde verlangert. Es
ist nicht klar, ob ein Ergebnis erreicht werden wird, das zur Umsetzung einer ge-
eigneten MalRnahme fihren wird.

Soweit aus den zur Verfigung gestellten Dokumenten ersichtlich, bleibt auch
weiterhin eine hohe Wahrscheinlichkeit bestehen, dass Unfallszenarien sich in
schwere Unfalle weiterentwickeln werden, die die Containmentintegritat gefahr-
den und in eine grol3e Freisetzung munden.

Das Ergebnis der EU Stresstests zeigte zahlreiche Defizite in der Vermeidung
von schweren Unfallen und der Abmilderung ihrer Konsequenzen auf. Ein Merk-
mal der nuklearen Sicherheit in der Ukraine ist die erhebliche Verzdgerung bei
der Umsetzung von Nachristmalinahmen.

AulRerdem, und das ist noch wichtiger, sind Sicherheitsstandards nach dem
Stand der Technik wie die Berucksichtigung der erweiterten Auslegungsbedin-
gungen (DEC) noch nicht vorgesehen. Daher wird auch nach der Umsetzung al-
ler MaBnahmen eine signifikante Kluft zwischen dem Sicherheitsniveau auf wel-
ches sich Europa geeinigt hat, und dem Sicherheitsniveau von SUNPP bestehen
bleiben.

Ebenso unter Stand der Technik fallt die Verwendung der WENRA “Sicherheits-
ziele fir neue Leistungsreaktoren” als Referenz zur Identifikation von vernunf-
tigerweise durchfihrbaren Sicherheitsverbesserungen. Die UVP-Unterlagen er-
wahnen jedoch diese WENRA Sicherheitsziele nicht. Diese WENRA Sicherheits-
ziele sehen vor, dass Kernschmelzunfalle mit frihen oder grofl3en Freisetzungen
praktisch ausgeschlossen sein mussen. Selbst wenn die Wahrscheinlichkeit far
einen bestimmten Unfallablauf sehr gering ist, so sollte jedes zusatzliche ver-
nunftigerweise praktikable Auslegungsmerkmal, jede BetriebsmalBnahme oder
MalBnahme im Unfallmanagement zur weiteren Senkung des Risikos von SUNPP
umgesetzt werden.

Unfalle durch externe Gefahren

Die den Expertinnen zur Verfugung gestellten Dokumenten enthalten keine sys-
tematische Bewertung von Naturgefahren. Die UVP-Unterlagen enthalten keine
Informationen dazu, ob alle Naturgefahren mit Relevanz fir den Standort bei
der Standortbewertung in der jingsten Periodischen Sicherheitsiberprtfung
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(PSU) oder im Langzeitbetrieb-Projekt zur Lebensdauerverlangerung betrachtet
wurden. Die Dokumente enthalten keine Angaben Uber die Typen von Gefahren
oder Gefahrenkombinationen fur den Standort SUNPP, Uber die Schwere der
Gefahren, die Definition eines geeigneten Auslegungsstorfall-Ereignisses mit ei-
ner Eintrittshaufigkeit von 10 pro Jahr und den Schutz von SUNPP gegen diese
Naturgefahren. Zur seismischen Gefédhrdung fihrt die UVP nur sehr wenig In-
formationen an. Zusatzlich zu mehr Detailinformation zur seismischen Gefahr-
dung sollten auch Informationen (ber die externe Uberflutung durch Flisse,
Uber alle Arten von extremen Wetterphdnomenen einschliel3lich des Klimawan-
dels und moglicher Gefahrenkombinationen im UVP-Verfahren zur Verfigung
gestellt werden.

Informationen zu Naturgefahren mit potenziell negativen Auswirkungen auf die
Sicherheit von SUNPP sind daher unzureichend. Es kann aus den UVP-
Unterlagen nicht geschlossen werden, dass die die drei Blécke von SUNPP ada-
quat gegen Naturgefahren geschitzt waren. Da Osterreich durch die Folgen von
Unfallen, die aus Naturgefahren entstehen kénnen, gefahrdet sein kann, ist
diese Tatsache in der aktuellen UVP von Bedeutung.

Unfalle mit Beteiligung Dritter

Terrorangriffe und Sabotageakte kdnnen schwere Folgen fur Nuklearanlagen
haben und schwere Unfalle auslésen - auch bei SUNPP. Dennoch werden diese
in den UVP-Unterlagen nicht erwahnt, wahrend solche Ereignisse in vergleichba-
ren UVP-Berichten in einem gewissen Umfang angesprochen werden.

Terrorangriffe und Sabotageakte kdnnen nicht ausgeschlossen werden, auch
wenn die nun bestehenden physischen Schutzsysteme nach dem Konflikt mit
Russland in der Ostukraine deutlich verstarkt wurden und die Wahrscheinlich-
keit dafur als gering eingeschatzt wird. Selbstverstandlich kénnen Vorkehrun-
gen gegen Sabotage und Terror nicht wahrend eines UVP-Verfahrens aufgrund
der Vertraulichkeit im Detail diskutiert werden, die notwendigen rechtlichen An-
forderungen sollten in den UVP-Unterlagen allerdings angefuhrt werden.

Angesichts der enormen Folgen potenzieller Terrorangriffe waren Informatio-
nen zu diesem Thema von héchstem Interesse. Insbesondere sollten die UVP-
Unterlagen detaillierte Informationen Uber die Anforderungen an das Design
gegen gezielte Abstlrze von Verkehrsflugzeugen anfuhren. Dieses Thema ist vor
allem flr die Reaktorgebaude von SUNPP wichtig, da diese gegentber Flugzeug-
absturzen vulnerabel sind.

Eine jingste Untersuchung zur nuklearen Sicherung in der Ukraine zeigte Defi-
zite in den notwendigen Anforderungen fir die nukleare Sicherung auf: Der
2020 Nuclear Threat Initiative (NTI) Index bewertet die Bedingungen der nuklea-
ren Sicherung in Bezug auf den Schutz von Nuklearanlagen gegen Sabotage-
akte. Mit einer Gesamtzahl von 65 von 100 Punkten lag die Ukraine nur auf Platz
29 von 47 Landern, woraus auf ein geringes Schutzniveau geschlossen werden
kann. Die geringe Punkteanzahl bei “Schutz gegen Insiderangriffe” und “Cyber-
security” verweisen auf Defizite in diesen Bereichen. Es wird empfohlen das In-
ternational Physical Protection Advisory Service (IPPAS) der IAEO einzuladen,
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das Staaten bei der Starkung ihrer nationalen Sicherungsregimes, Systeme und
Malinahmen unterstutzt.

Grenziiberschreitende Auswirkungen

Far das KKW Stidukraine kénnen schwere Unfalle mit Containmentversagen
und Containment-Bypass mit deutlich héheren Freisetzungen als in den UVP-
Unterlagen angenommen nicht ausgeschlossen werden. Solche Wort-Case Un-
falle sollten in die Bewertung eingeschlossen werden, da ihre Auswirkungen
weitreichend und lange anhaltend sein kénnen und sogar Lander betroffen sein
kénnen, die wie Osterreich nicht direkt an die Ukraine angrenzen.

Die Schlussfolgerung des UVP-Berichts, wonach keine inakzeptablen grenziiber-
schreitenden Auswirkungen eintreten kdnnen, kann nicht als ausreichend be-
legt angesehen werden, da die Worst-Case Szenarien nicht analysiert wurden.
Die Resultate des flexRISK Projekts zeigen, dass nach einem schweren Unfall die
durchschnittlichen Cs-137 Bodendepositionen in den meisten Gebieten Oster-
reichs den Schwellenwert fur landwirtschaftliche InterventionsmalRnahmen (z.B.
vorgezogene Ernte, SchlieBen von Glashausern) Uberschreiten kénnte. Daher
kénnte Osterreich von einem schweren Unfall im KKW Stdukraine signifikant
betroffen sein.
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PE3SIOME

FOXHO-YKpalHCbKa aToMHa enekTpocTaHuis (FOxHo-YkpaiHceka AEC, FOYAEC)
po3TalloBaHa Ha piuui MNisgeHHWIA byr y Mukonaiscbkin ob6nacti B YkpaiHi. Ha
AEC npautoe Tpu peaktopwu Tuny BBEP-1000. Peaktopu 6ynn nigkntoueHi fo
enekTpomepexiy nepiog Mixx 1982 ta 1989 pokamu.

FOXHO-YKpalHCbKa aToMHa enekTpocTaHuia (KOxHo-YkpaiHceka AEC, FOYAEC)
po3TalloBaHa Ha piyui MiBgeHHWI Byr y Mukonaiscbkin obnacTi B YKpaiHi. Ha
AEC npautoe Tpu peaktopu Tuny BBEP-1000. PeakTopu 6ynn nigkntoueHi go
enekTpomepexiy nepiog Mixx 1982 ta 1989 pokamu.

AEC HanexunTtb [lep>xaBHOMY NigNPUEMCTBY «HaLjioHaNbHa aTOMHa
eHeproreHepyt4a komnaHis “EHeproatom”» (4N «HAEK “EHeproaTtomM”» abo
KOpPOTKO — «EHeproaTtom»). Bl «HOxHO-YKpaiHcbKa AEC» € okpemMoto
CTPYKTYPHOK OANHULEH KOMNaHii «kEHeproaTom».

3 MeTo NPOJOBXUTN CTPOK ekcrnayaTtauil KOYAEC, ykpaiHCbKa CTOPOHa
nposoanTb OuiHKY BNAMBY Ha AoBkinnga (OBJ) signosigHo A0 KoHBeHUiT Ecro.
YKkpaiHa nosifomMuna npo ue ABCTpIto, AKa BUpiLLMAa B3AaTK y4acTb B OB/. B
ABCTPIT rpOMaACBKICTbL MOXe KOMEHTYBaTW JOoKyMeHTauito no OB/l 3 21 uepBHA
no 30 nnHa 2021 poky.

MeToto yuacTi ABCTpii B npouegypi OB/, € MiHimi3aujis abo HaBiTb yCyHEeHHS
MOX/IMBUX 3HAUYHWX HEraTUBHUX BMJIMBIB Ha ABCTPIO, AKi MOXYTb BUHUKHYTY B
pe3ynbTaTti BUKOHaHHS LibOro MPOEKTY.

Mpoueaypa Ta anbTepHaTUBU

BignosigHo fo KoHBeHL,ii ECNo, rapaHTyEeTbCS, WO rpoOMaACbKOCTi MOCTPaXAanol
CTOpPOHM HAZAETLCA Taka CaMa MOXJIMBICTb YYacTi, WO 1 FPOMaACbKOCTI

CTOpPOHM NOXOAXEHHS. Y LIbOMY BUMaAKy Tak He CTafocs, OCKiNbky bynun HagaHi
He BCi gokymeHTn OB/l. TpoMaAckKicTb YKpaiHu oTpnMana binbLue JOKYMEHTIB.

MogpaHri po ABCTpii sokymeHTn OB/, gatoBaHi 2015 pokoMm, TOMY He
BiZ0BpaxatoTb MOAji Ta PiLLleHHs OCTaHHIX POKiB i MOTPebyoTb OHOB/IEHHS.

NiueHsii Ha NPOAOBXeEHHS CTPOKY ekcryaTauii eHeprobnokis 1-3 FOYAEC Bxe
6ynn BUAAHI 40 3aBepLUeHHS TpaHckopAoHHOI OB/, Taki Aii He BigNOBIAalOTh
KoHBeHLUji Ecro, aka BuMarae nposegeHHs OB/l A0 NPUAHATTSA pilLleHHs Npo
3aTBepAXXeHHSs MPOMNOHOBAHOI AiAIbHOCTI. HeobxigHOo 3'acyBaTt, um byayTh
BpaxoBaHi pe3y/nbTatu i€l TpaHCKOPAOHHOT OB/ i AKMM came YMHOM.

Takox bpakye OLiHKM PO3YMHUX anbTePHATMB Ta ajibTepHaTVBLN 6e34ia1bHOCTI.
Bci BOHM NOBUHHI OLjiHIOBaTKCA B Mexax OB/,

BignpauboBaHe NanvBo Ta paAioaKTUBHI Bigxoau

JokymeHTn OB/, He MicTATb iHGopMaLiii Npo 06carv Ta cTaH pagioakTUBHUX
BiZAXOZiB, yTBOPEHMX Nif Yac NPooBXKeHHSA CTPOoKy ekcrnyaTauil FOYAEC, aK i
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NoBHOI iHPpopmMaL,ii Npo cTaH 06'ekTiB 3 06POHKY pPafioakTUBHMX BiAXOAIB,
MPOMIXHUX 1 OCTAaTOUHUX CXOBULL, PaZlioakTUBHUX BiAX0AiB. Lie nnuTaHHSA
noTpebye NoAanbLLOro po3'siCHEHHS.

BiagnpauboBaHe Nanneo BiABaHTaXYETbCs A0 Pocil 415 TM4YacoBoro
36epiraHHA Ta Nnepepobku. ¥ 2021 poui noyano npawuoBaTn «Cyxe» NMpoMixKHe
LUCBAN y YopHobwuni. Hesposymino, sika YacTMHa BignpaLboOBaHOIo NaavnBa
nicns NPoAOBXeHHs cTpoKy ekcrinyatauii FOYAEC 6yae BigBaHTaxeHa o Pocii, a
CKinbku 36epiratumeTbesa y LICBAM. LUro iHpopmaL,ito HeobxigHO nepesipnTy.
Takox cnif nepeBipUTH, UM eMHicTb LUCBAI goctaTHA ANS BiANpaLboBaHOro
nanmea nicns NpoAoBXeHHs CTPOKy ekcnyaTauii FOYAEC, 6epyun go yBaru, wo
LICBAT BukopmncTOBYBaTUMETLCA A4/15 BCiX YKpaTHCbKMX AEC, KpiM 3anopi3bKol
AEC, Ta Bcix eHepro6aokiB, CTPOK ekcnyaTaLii akux byae NpoAoBXeHO.

BignpauboBaHe NanvBo Ta pajioakTUBHI BiXOAN MOXYTb CAPUYNHAUTI
HeraTMBHUWI BNAMB Ha JOBKINNS, TOMY 3 pajicTio byAe NpuinHaTa 6inbLu
feTanbHa iHpopMaLlis yKpaiHCbKOI CTOPOHU NMPO HaLioOHanbHMA NaaH
NOBOJXXEHHS 3 A4ePHUMU BifX0LaMN.

[osrocTpokoBa ekcniyaTtalis peakTopiB NneBHOro Tmny

Monpw Te, WO CTapiHHSA KOHCTPYKLIA, CUCTEM | KOMMOHEHTIB CTPYKTYP, BiKOM 32,
351 39 pokiB € nuTaHHAM 6e3nekn ans 6okis 1-3 OYAEC, B gokymeHTax OB/l
Lie NMUTaHHA He po3rnaAaEeTbed. NoTpibHa KOMMIeKCcHa Nporpama ynpasiHHS
cTapiHHAM (MYC), Wwob NprHaMMHI NeBHOIO MipOtO 06MeXUTY Npobaemu,
noB'a3aHi 3i cTapiHHAM. Ane B jokyMeHTax OB/, xoaHoi iHpopmauii npo MYyC
HeMae. OgHak nonepegHs ekcrepTHa micia MATATE 3 nepeBipky acnekTis
6e3nekn NpogoBxeHHst ekcryaTtauii (PRE-SALTO) ansa 61oky 3 FOYAEC y

2018 pouji BUsIBMAA, WO MOTOYHWIA 3BIT NPO aHani3 6e3nekn Ta nepiognyHuii
ornsaj 6e3nekur € HeJOCTaTHLO BUYEPNHUMU, W06 NPOAEMOHCTPYBaTH be3neky
NpOTAroM JOBroCTPOKOBOI eKcryaTaLil.

Kpim Toro, TemaTryHa napTHepcbka nepesipka «YNpaBniHHA CTapiHHAMY,
npoBegeHa y 2017 poui 3rigHo 3 JnpekTnBOoIO NMpo sAepHYy 6e3neky
2014/87/€BPATOM, BusiBMNa KiNbKa BiAXW/IeHb OYiKyBaHOro pPiBHSA
edeKTUBHOCTI, AKOro CNifg JOCArTU ANs 3abe3neveHHs NPUIAHATHOIO
ynpaeniHHA cTapiHHAM B €Bponi. Pe3ynbTaTy TeMaTUYHOT NapTHEPCLKOI
nepeBipKkn Ta 3aX04M LLOAO YCYHEeHHs HeAoNiKiB MOBUHHI ByTn NpeAcTaBeHi B
fokymeHTax OBJl, 30kpema, LWoAo Ay>Ke BaX/IMBOro NUTaHHA 6e3nekn CTOCOBHO
KPUXKOCTi KOPMYCiB peakTopiB BUCOKOIO TUCKY.

Xoua KoHUenTya/ibHe CTapiHHA TakoX € mpobnemoto anst FOYAEC, jokyMeHTH
OB/, He cTOCYHOTBCSA XOAHOTO 3 MTaHb H6e3nekun peakTopis BBEP-1000.
KoHcTpyKuii AEC, po3pobneHiy 1980-x pokax i nogibHi o peaktopis BBEP-1000,
JIVLLIe YaCTKOBO BiAMOBiJatoTb CydacHUM MPUHLIMMNAEM MPOEKTYBAHHSA LLOAO
HaAMIPHOCTI, Pi3HOMaHITHOCTI 1 GiI3MYHOrO PO3AiNeHHS HAA/ILLIKOBUX
niacncrem abo nepesar cMctem nacmBHoi 6e3neku. lokymeHT OB/l He MicTATb
Hi OMKWCy CUCTeM, Lo CTOCYThCS be3neku, Hi iHbopmaLii mMpo NoTyXXHOCTI,
HaAMIipHICTb | pisnyHe po3gineHHs. Peaktopu ctaporo Tuny BBEP mMatoTk Kinbka
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KOHCTPYKTUBHUX HEJO0NIKIB, AKi HEMOX/IMBO YCYHYTU BUKOHAHHAM 3aX0/iB 3
MoZepHizaLiil.

Xoua nNuTaHHSA, SKi CTOCyoTbCs 6e3mneku, He By MOBHICTHO BUpILLEHI,
JlepxaBHa iHcnekuis S4epHOro peryitoBaHHA YKpaiHu
(Aep>xaTomMperyntoBaHHs) 403B0JINIa NMPOAOBXUTI CTPOK eKCrayaTaLil Ha
LecATb pokiB Anst Tpbox 6nokiB KOYAEC y 2013, 2015 Ta 2020 pokax BignoBigHo.
e B 2011 pou cTpec-Tectn EC BuABUAN, LWLO YKPaiHCLKI AEC BignoBsigaroTs
nvwe 172 3i 194 BMMOT 3rigHo 3i cTaHAapTamu 6e3nekun NpoekTyBaHHA MATATE,
ony6nikoBaHUMK y 2000 poui. 34iACHIOETLCA HeObXiAHEe BAOCKOHAEHHS B
pamMkax noTo4Hoi KoMnaekcHoi (3seeHoi) nporpamMm NigBuLLEHHS 6e3neku.
3aBepLUeHHsA Nporpamu Kinbka pasis Bigknaganocsa. CtaHom Ha 31 6epesHs
2021 poky Benuvka KifbKiCTb 3aX0/iB BCe Le O4ikye Ha peanisauito. MNonpu
neBHWIN NPOrpec, MpPorpaMa 3a3Hasa BeNKNX 3aTPUMOK. 3 TOUKM 30py
6e3neku, He3po3yMmino, YOMY 3aBepLUEeHHS 3axoy He 6yno 060B'A3K0BOIO
YMOBO MPOJOBXKEHHSA CTPOKY eKcrtyaTaLii.

Y 2014 poui WENRA (Acouiauis perynatopis 3axigHoi €eponu) onybnikysana
nepernsgHyTy Bepcito pepepeHTHUX PiBHIB 6e3neKkn 415 iCHYOUMX PeakTopiB 3
ypaxyBaHHSAM ypOKiB, OTPUMaHMX BHaCNiAok aBapii Ha AEC «®Dykycima-Aanidi».
YKpaiHa He BnpoBaguna 88 pedpepeHTHUX PiBHIB i3 342 go 1 ciuHa 2019 poky.
OCHOBHWM OHOBJ/IEHHSAM pedepeHTHMX PiBHIB byB nepernsg cratTi F
«3anpoeKTHa poboTa iCHYUNX PeakTopiB», L0 BBOAMTL KOHLEMLiH0
3aMPOEKTHOTO pexnmy poboTu peakTopa. Lia KoHLenwuis He 3aCTOCOBY€ETLCA A0
FOYAEC. 3aranom, 3a11LLAaETbCA 3HAUHWI PO3PUB MK HEOOXiIAHMM CTaHAAPTOM
b6esneku Ta dpakTnUHUM piBHeM 6e3nekn 6aokiB FOYAEC.

AHanis aBapiii

HazaHi fokymeHTn OB/l MicTATL iHQOpMaLLito MPO MNPOEKTHI aBapii, BKIOUaroum
cueHapii, BUKMAM Ta Hacnigkn. OgHak iHpopmaLis Npo No3anpoekTHI aBapii
Ay>xxe obMexeHa. He nepeabadeHi aHi MOXAMBI cLeHapii aBapiii, aHi gxepena
pajioakTUBHOCTI.

LLlo6 ouiHUTK HacNiAK NO3aNPOEKTHMX aBapili, HEObXiAHO NpoaHanisyeaTun
Linnin pag cepinosHmMx aBapiii, 30KpemMa Ti, L0 BK/IKOUYaTb pO3repMeTr3aLito Ta
6arinac 3ax1MCcHOi 06010HKM, BaXKi aBapii, AKi MOXyYTb CTaTLCS Ha peakTopi TUMy
BBEP-1000.

AHani3 aBapin y gokymeHTax OB/} NOBMHEH B/NKOPUCTOBYBATN MOX/MBI
[xepena pagioakTUBHOCTI, OTPUMaHI 3 po3paxyHKy NOTOYHOrO iIMOBIPHICHOIO
aHanizy 6e3sneku (IAB (PSA) piBeHb 2). Monpw Te, WO po3paxyHKOBa MMOBIPHICTb
Cepro3HMX aBapili 3 BeIMKNM BUKUAOM Ay>Ke Mana, Hacnigku, BUKAUKaHI UMUK
aBapisiMy, NOTEHLINHO BeANYe3HI.

Ha ocHoBi HasiBHOI iHpopMaLlii He MOXHa NOroANTN BUCHOBOK
[lep>xaToMperyntoBaHHS Npo Te, LLO 06'eKTU NMpaLotoTb 6e3neyHo 3
NPUAHATHUM PIBHEM PU3KKY.

3rigHo 3 iHpopMaLiieto EBPONeECbKOro 06'eiHaHHSA aTOMHUX PerynaTopis
ENSREG (2015 pik) nigTpMKa LifiCHOCTi 3aXMCHOI 0600HKM B YMOBAaX BaXKKMX
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aBapil 3aNULLAETLCA BAXIVNBUM NUTAHHAM 419 YNPaBAiHHA aBapisMu.
dinbTpoBaHe CKMAAHHS TUCKY € A0bpe BiZoOMUM cnocoboM 3anobiraHHo
HaAMipHOMY TUCKY, ane BiH LLie He peanizoBaHnin Ha 3-My 6noui FOYAEC. ba
6inble, Ha FOYAEC BiACyTHS cCTeMa OXOI0KeHHS Ta cTabinizauii
po3naBneHoi akTUBHOI 30HW. Y paMKax cTpec-TecTiB 4o 2023 poky Mae byTu
npoaHanisoBaHa cTpaTerisg MOX/1MBOro yTpUMaHHSA po3raaBy akTVUBHOI 30HW B
Kopnyci peakTopa Mij TUCKOM. TepMiH BUKOHaHHS By/10 nepeHeceHo 3

2015 poky. HeBigomo, un byae Akuniicb pesynbTar, AKnii Npu3BiB 61 4o
34iCHEeHHS BiAMOBIAHOIO 3axX04y.

Hackinbku BUAHO 3 HaZaHUX | 4OCTYNHUX JOKYMEHTIB, BCe LLe iCHY€E Bennka
VMIMOBIpPHICTb TOrO, WO CLieHapii aBapili nepepocTyTb Y CepMo3Hy aBapito, Lo
3arpoXye LjiniCHOCTI 3aXMCHOI 060N0HKN Ta CNPUYNHNTD BEANKNIA BUKAA.

PesynbTatu cTpec-TectiB EC BUABMAK 6araTo HeAoiKiB y 3anobiraHHi Baxkum
aBapisaM Ta B NOM'AKLLEHHi IX HacnigkiB. OAHa 3 XapakTepucTnk saepHoi
6e3neku B YKpaiHi: NOCTinHa cepio3Ha 3aTpMMKa BMPOBaKEHHS 3aX04iB 3
MoZepHi3aLl.

Kpim ToOro, i Lo we 6inbLu BaXIMBO, BCe Le He nepeAbayeHi CyydacHi cTaHAapTw
6e3neku, AK-0T BpaxyBaHHS 3aNpOEKTHOIO pexnmy poboTtu peaktopa. Tomy
HaBITb NicnsA peanizayii BCiX 3aX04iB 3a1MLLATUMETbCA 3HAYHWIA PO3PUB MiX
piBHem 6e3neku, y3rogkeHnM y €Bponi, Ta piBHem 6e3nekn FOYAEC.

TaKoX BBaXa€eTbCs JOLIILHAM | MepeoBMM BUKOPUCTaHHSA «Llinei 6e3neku
415 HOBUX eHepreTUYHMX peaktopis» WENRA ak eTanoHa BUABNEHHSA
0B6rPYHTOBAHMX i MPAKTUYHMX NoJliNleHb 6e3nekn. OgHak y JokymeHTax OB/l
He 3rafytoTbca Ui uini 6esnekn WENRA. BignosigHo go uinein 6esnekn WENRA
MOBUWHHI BYT MPaKTUYHO YCYHEeHi aBapii 3 po3nnaBoM aKTUBHOT 30HW, AKi
npusBenn 6 Jo JoYacHMX abo BEIMKNX BUKUAIB. HaBiTb SKLLO MOBIPHICTb
noCNifOBHOCTI aBapili gy>ke mana, Ha FOYAEC noBuHHI 6yTu BnpoBagXeHi byab-
AKi 4OAATKOBI OBI'PYHTOBAHI Ta MPaKTUYHi KOHCTPYKTUBHI 0CO6MBOCTI,
onepaTtuvBHI 3ax0AM abo npoueaypy ynpasaiHHSA aBapiaMu AN NOAaNbLIOrO
3HKEHHS PU3KKY.

ABapii Uepes 30BHiLLHI He6e3neKkun

JocTynHi ekcneptam AOKYMEHTU He MiCTATb CUCTEMAaTUYHOT OLLiHKW NMPUPOLHUX
Hebe3nek. [lokymeHTV OB/l He MicTATL iHpOopMaLLii Mpo Te, Yn BCi NPUPOAHI
Hebe3nekw, Lo CTOCYTbCS AINSHKN, 6y BpaxoBaHi MpW OLHLI SiNAHKM Mig
Yac OCTaHHbLOTrO MepioANYHOro ornagy 6esnexku abo B NPOEKTI JOBrOCTPOKOBOI
ekcnayaTauii. JlokyMeHTV He MicTaTb iHpopMaLiii Ipo TN Hebesnek abo
KOMbiHaLii Hebe3nek, Aki 3acTocoByrOTbCA A0 FOYAEC, ceplio3HicTb Hebe3nek,
BU3HAYeHHA aZleKBaTHUX NOZii, BKIIOYEHUX JO NPOEKTHNX OCHOB, 3
iMoBipHicTro 10 Ha pik Ta 3axmcT OYAEC Big npupogHix Hebesnek. OB/, Haaae
Mi3epHy iHpopMaLiito Npo celricMiuHi Hebesnekn. OKpiM BiNbLL AeTanbHUX
AAHUX NPO cencmiYHy Hebesneky, B Npoueci OB/ noBmHHa byTn HajaHa
iHpopMaLis Mpo NoBeHi, CNPUYMHEHI pibkamK, YCi TUMK eKCTpeManbHUX
MEeTeOoPOJIOTiYHNX ABULL, BKJIKOYAOUM 3MiHY KiMaTy, Ta MOXANBI KOMBiHaLi
Hebe3nek.
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OTxe, iHpopMaL,i Npo NpUPOAHI Hebe3sneku, AKi MOTEHLAIHO MOXYTb
HeraTuBHO BMMHYTK Ha 6e3neky FOYAEC, HefoCTaTHLO. 3 fokyMeHTiB OB/
HEMOXJINBO 3p06UTY BUCHOBOK, LLO TpY eHepro6aokmn FKOYAEC HanexHuMm
UMHOM 3axuLLeHi Big BNANBY NpUPOoAHMX Hebesnek. Ockinbky ABCTpis
NOTEHLINHO MOXe NOCTPaxXAaTu Bif, HacNiAKiB aBapiil, CNPUYNHEHNX
NpUpoAHUMN Hebesnekamu, el GakT € akTyanbHUM Y NOTOUHI OB/

ABapii 3a yuacTio TpeTix oci6

TepopnCTUYHI aTakm Ta AVUBEPCIAHI Aii MOXYTb MaTy 3HaYHWIA BMNAVB Ha AAEPHI
06'EKTU Ta CNPUYMHNTI CePNO3HI aBapii, 30kpema i Ha FOYAEC. ¥YTim, B
fokyMmeHTax OB/l BOHM He 06roBopolThCs. Y NOPiBHANLHMX 3BiTax OB/ Taki
noAii NeBHOI MipOto PO3rnajanuce.

Monpw Te, WO HasiBHa c1ucTeMa GisMyHOro 3axmcty byna 3HavyHo 36inbLleHa
nicnsa arpecBHUX Al Pocii Ha cxoai YKpaiHW, a IMOBIPHICTbL TEPOPUCTUUYHUX
aKTiB i caboTaxy BBaXA€ETbCS HM3bKOL, TaKNA BN aTak MOXIMBUIA. Xo4a
3anobixXHi 3axX0Am NPOoTY caboTaxy Ta TePakTiB HE MOXYTb ByTU AeTasibHO
obrosopeHi B npoueaypi OB/l 3 MipkyBaHb KOHbIAEHLINHOCTI, B 4JOKYMEHTax
OB/J, NOBWHHI 6yTV BUKNaAeHi HeobXiAHi 3aKOHOAaBYi BUMOTN.

IHpopMaLia Npo TepoOpPUCTUYHI aTakm NpeAcTaBnsana 6 BeAnKni iHTepec,
BPaxoBYHOUN BENVKI HAaCNiAKN NOTEHLiMHMX aTak. 3okpemMa, gokymeHTn OB/}
MOBWHHI MiCTUTU AeTanbHy iHPOPMaLLito MPO BMMOTM A0 KOHCTPYKLii NpoTn
LliNbOBOro TapaHy KoMepLiiHMM niTakoM. Lig TeMa Mae 0cobmBe 3Ha4eHHS,
0OCKiNbKKM KOpnycn peakTopiB ycix 6nokiB FOYAEC Bpa3nuei 40 NajiHHSA NiTakis.

HepaaBHs ouiHKa saepHOI 6e3nekn B YKpaiHi BKa3ye Ha HeAONIKM y MOPIBHAHHI 3
HeobXiAHMMU BUMOramMu A0 sfepHoi 6e3nekun: IHAeKC [HiLiaTUBK 3i SMeHLUeHHS
aaepHoi 3arpo3un (NTI) 2020 ouiHO€E yMOBU aAepHOT 6e3neku, NoB'a3aHi i3
3aX1CTOM A4epHUX 00'eKTIB Bif, akTiB AMBepCii. |3 3arafbHO KifbKicTo y 65 3i
100 6aniB, YkpaiHa nocina nuwe 29 micue i3 47 kpaiH, WO CBIAYNTL NPO
HU3bKWNI piBeHb 3axmcTy. CAij 3a3HaumnTK, WO HU3bKI 6ann 3a «3anobiraHHs
BHYTPILUHIl 3arposi» Ta 3a «Kibepbe3sneky» BKasyroTb Ha HEAOMIKWN Y LiNX
cpepax. PekoMeHAYETLCA 3anNpocnTy MixKHapOAHY KOHCYNbTaTUBHY CITyX6y 3
nuTaHb ¢isnuHoro saxmcty MAIATE, sika HasaBana 4OMOMOry AepXaBaM y
3MiLHEHHI IXHiX HaLiOHanbHUX peXnMIB, CUCTEM i 3aX0AiB Y MUTaHHAX A4epHOT
6e3snexu.

TpaHCKOpAOHHI BNANBU

Ans FOYAEC He MOXHa BMKIKOUYATU TAXKI aBapii, BKJroUaouy posrepMeTimsadito
Ta 6alinac 3axXMcHOT 060I0HKM 3 BUKMAAMMU, L0 3HAYHO NepeBuLLYHOTb
nepegbayeHi B gokymeHTax OB/l piBHi. Taki HaliripLli BUNagky NOBUHHI ByTu
BK/IFOUEHI B OLLiHKY, OCKINbKIM IX HaCTiAKM MOXYTb BYTU LLMPOKO
PO3MOBCHOAXKEHVMN 1 JOBFOTPUBANNMM, A Bif, HAX MOXYTb NOCTPaXAaTn HaBiTb
Ti KpaiHW, SKi 6e3nocepesHbLO He MEXYHTb 3 YKPaiHO, SK-0T ABCTPIS.

BucHoBOK, 3pobneHuii B fokymeHTax OB/l Npo BiACYTHICTb HEMPUIAHATHNX
TPaHCKOPAOHHWX BMIMBIB, He MOXHAa BBaXaTW AOCTaTHLO JOBEAEHNM,
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OCKiNbKW He NpoaHanizoBaHi Halripwi cueHapii. Pesynbtat npoekTy flexRISK
nokasanu, Wo nNicnsa BaXKOol aBapii cepeHi BigknageHHsa Cs-137 y rpyHTi B
6iNbLIOCTI paiioHiB aBCTPIICbKOT TEPUTOPIT MOXYTb MepeBuLLYyBaTX Mopir
3ax04iB CiNbCbKOrocnoAapCbKoro BTpyyYaHHs (Hanpukaaa, paHHE 36MpaHHs
BPOXaro, 3aKpUTTA Tenaunub). OTKe, ABCTPIA MOXe CYTTEBO MOCTPaXAaTV Bij
BaXxKoi aBapii Ha FOYAEC.
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INTRODUCTION

The Ukrainian nuclear power plant South Ukraine (SUNPP) is located at the
Southern Bug River. The site is located near the NPP satellite city of Yu-
zhnoukrainsk in the Mykolaiv oblast, approximately 350 kilometres south of
Kyiv. At the South Ukraine site, three VVER-1000 reactors are in operation. The
reactors were connected to the grid between 1982 and 1989.

The NPP is owned by the State Enterprise “National Nuclear Energy Generating
Company Energoatom” (SE NNEGC), in short Energoatom. SUNPP is a separate
entity of Energoatom. Energoatom is subordinated to the Ministry of Energy
and Coal Industry of Ukraine.

For the lifetime extension of SUNPP, the Ukrainian side is conducting an Envi-
ronmental Impact Assessment (EIA) under the Espoo Convention. Austria has
been notified by Ukraine and decided to participate in the EIA. In Austria, the
public can comment on the EIA document from 21 June until 30 July, 2021.

The competent EIA authority in Ukraine is the Ministry of Environmental Protec-
tion and Natural Resources, the project developer is Energoatom.

The Austrian Federal Ministry for Climate Action, Environment, Energy, Mobility,
Innovation and Technology commissioned the Environment Agency Austria to
provide the expert statement at hand assessing the submitted EIA documents.

The objective of the Austrian participation in the EIA procedure is to minimise or
even eliminate possible significant adverse impacts on Austria which might re-
sult from this project.
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1 PROCEDURE AND ALTERNATIVES

This chapter describes the overall and procedural aspects of the Environmental
Impact Assessment (EIA) procedure including the evaluation of the complete-
ness of the provided documents and the fulfiiment of the requirements of the
Espoo Convention.

1.1 Treatmentin the EIA documents

EIA documents and procedure

For the transboundary Environmental Impact Assessment (EIA), two EIA docu-
ment were provided by the Ukrainian side to the Austrian side:

e SUNPP NON-TECHNICAL SUMMARY (2015): Safety Justification for DS
“South-Ukraine NPP” power units operational lifetime extension over the
designed period. Non-technical Summary. Ministry of Energy and Coal In-
dustry of Ukraine, National Nuclear Energy Generation Company “Ener-
goatom”, detached Subdivision “South-Ukraine NPP”. Yuzhnoukrainsk.

e SUNPP EIA REPORT (2015): Report. Development of the materials for as-
sessment of environmental impact in the course of South-Ukraine NPP
operation. UDK 550.4:574.3, State Ne 0115u002736. National Academy of
Science of Ukraine, State institution “Institute of Environmental Geo-
chemistry” (RC “IHNS NAS of Ukraine")

Both documents are available at the website of the Environment Agency Austria
(https://www.umweltbundesamt.at/uvp-ukraine-kkw-2021).

The original design operation period is 30 years. The State Nuclear Regulatory
Inspectorate of Ukraine (SNRIU) issued an operational license for SUNPP 1 valid
until 2022. (SUNPP NON-TECHNICAL SUMMARY 2015, p 5)

Alternatives

SUNPP generates electricity in the southern region of Ukraine with a population
over 5 million people from Mykolaiv Region, Odessa Region, Kherson region,
and the Autonomous Republic of Crimea. The SUNPP ensures more than 10% of
the total energy produced in Ukraine. (SUNPP NON-TECHNICAL SUMMARY
2015, p.9f)

Energoatom considers the option of decommissioning neither as reasonable
nor has it resources for decommissioning. Therefore, Energoatom'’s strategy is
the step-by-step lifetime extension of its NPP fleet. (SUNPP NON-TECHNICAL
SUMMARY 2015, p. 12)
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There is a reference to an analysis of economic, social and ecological impacts of
several alternatives in the EIA, but in the provided EIA documents this analysis is
not described. (SUNPP NON-TECHNICAL SUMMARY 2015, p. 12)

1.2 Discussion

EIA documents and procedure

The EIA documents that were submitted to Austria are incomplete. According to
the content of the SUNPP EIA Report (2015), 10 chapters and additional annexes
are available, but only chapter 10 dealing with trans-boundary impacts was pro-
vided to Austria.

The following table gives an overview of the timetable of the planned lifetime
extensions.

Table 1: SUNPP data and licenses (SUNPP Non-technical Summary 2015, p. 12;
https://www.sunpp.mk.ua/en/energocomplex/perspectives, seen 2021-07-09)

Unit No. Start of Design End of design  License issued
commercial operation life until
operation period in years
SUNPP 1 1982-12-31 30 2013-12-02 2022-12-02
SUNPP 2 1985-01-09 30 2015-05-12 2025-12-31
SUNPP 3 1989-09-20 30 2020-02-10 2030-02-10

The licensing for the lifetime extension of 10 years has already been completed
for SUNPP 1-3.

In 2021, the SUNPP units 1-3 lifetimes have already been exceeded by up to
eight years. This is not in accordance with the Espoo Convention requiring pub-
lic participation in an EIA prior to a decision to authorize or undertake the pro-
posed activity. (ESPOO CONVENTION 1991, Art 2.3)

It is not known if ten years will be the maximum lifetime extension for the three
SUNPP units.

Information on the steps of the lifetime extension procedure in connection to
the EIA is lacking altogether in the EIA documents.

In trans-boundary ElAs with other countries consultations on SUNPP have al-
ready been held, together with consultations on ZNPP. (REPORT
CONSULTATION 2018) This report informs that the trans-boundary procedures
started in October 2015, public consultations were to be held between July and
Sept. 2017, and that the results of the trans-boundary consultations will be
taken into account during lifetime extension of SUNPP 3 and ZNPP 3-6.
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For the Austrian public, the EIA has started in June 2021. But the decisions on
lifetime extension of SUNPP 1-3 have already been taken between 2013 and
January 2020. Therefore it is highly questionable if the results of the ongoing
transboundary EIA will be implemented at all, since the earlier decisions would
have to be redrawn.

The Espoo Implementation Committee urges Ukraine to finish the still unfin-
ished trans-boundary EIA procedures and inform the Committee on steps taken
by 31 July 2021 (UNECE 2021) All participants in the trans-boundary EIA should
also be informed about the next steps.

Alternatives

In every EIA, alternatives have to be discussed and their environmental impacts
assessed for. However, in the submitted EIA documents alternatives were not
discussed. Data on the future energy demand were not presented.

1.3 Conclusions, questions and preliminary
recommendations

According to the Espoo Convention it shall be ensured that the opportunity to
participate provided to the public of the affected Party is equivalent to that pro-
vided to the public of the Party of origin. (ESPOO CONVENTION 1991, Art. 2.6)
This has not been the case here because not all EIA documents were provided;
the public of Ukraine received more documents.

The EIA documents that were submitted to Austria are from 2015 and therefore
do not reflect the development of the last years and they need to be updated.

The licenses for the lifetime extensions for SUNPP 1-3 have already been issued
before the trans-boundary EIA has been finished. This is not in line with the Es-
poo Convention, which requests an EIA to be conducted prior to a decision to
authorize the proposed activity. (ESPOO CONVENTION 1991, Art. 2.3) It must
therefore be clarified if the results of this trans-boundary EIA will be taken into
account at all, and how this will be done.

Also lacking is the assessment of reasonable alternatives and the no-action al-
ternative - both should be assessed in an EIA. (ESPOO CONVENTION 1991, Ap-
pendix Il)
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1.3.1 Questions:

e Q 1: How long is the maximal foreseen lifetime extension of all SUNPP units?

® Q 2: What are the further steps in the EIA procedure and in the licensing pro-
cedure?

®  Q 3: How will the results of the EIA be taken into account? Will the decisions
on lifetime extension of SUNPP 1-3 be revised according to the EIA results?

1.3.2 Preliminary Recommendations:

e PR 1: Ukraine should provide adequate information on the EIA procedure
and the further licensing procedure.

e PR 2: Alternatives of the lifetime extensions and the no-action alternative
should be assessed in the EIA documents.

e PR 3:Itisrecommended to enable public participation in environmental
assessments of nuclear projects according to the requirements of the Es-
poo Convention at a time when all options are still open, that is before a
decision is taken.

e PR4:Itis recommended not to issue the EIA decision until the deficien-
cies of the EIA have been solved.

Umweltbundesamt ® REP-0774, Vienna 2021 | 27



NPP South Ukraine Lifetime Extension EIA - Spent fuel and radioactive waste

2 SPENT FUEL AND RADIOACTIVE WASTE

2.1 Treatmentin the EIA documents

Radioactive waste from SUNPP contains low, intermediate and high level
waste.

Solid low level radioactive waste (LLW) is stored at the SUNPP site in four
storage buildings (SUNPP NON-TECHNICAL SUMMARY 2015, p. 22) Planned
steps are implementation of further processing technologies and final disposal.
(SUNPP NON-TECHNICAL SUMMARY 2015, p. 68) The planned complex was sup-
posed to be ready in 2018. (SUNPP NON-TECHNICAL SUMMARY 2015, p. 70)

Liquid radioactive waste is temporarily stored at the site in the auxiliary build-
ings no. 1 and 2. (SUNPP NON-TECHNICAL SUMMARY 2015, p. 21) Parts of the
liquid wastes are treated in an evaporation facility on the site. Planned is the im-
plementation of further processing technologies. (SUNPP NON-TECHNICAL
SUMMARY 2015, p. 68)

Spent fuel of SUNPP is reloaded into the reactor spent fuel pond where it is
stored for 4-5 years. After cooling in the spent fuel pond, it is loaded into special
containers.

Concerning backend management, the Non-technical Summary refers to the
global current status of science and technology which does not allow to take fi-
nal solutions regarding further spent fuel management. Globally, there are sev-
eral approaches, among them deferring the decision and using long-term in-
terim storage of nuclear fuel. This would allow for possible future technologies
to be developed. (SUNPP NON-TECHNICAL SUMMARY 2015, p. 22)

Currently, the spent fuel from SUNPP is sent to Russia for temporary storage
and subsequent reprocessing in the Federal State Unitary Enterprise “Mining
and Chemical Plant” (Krasnoyarsk). The return of reprocessing products was
supposed to start in 2020. (SUNPP NON-TECHNICAL SUMMARY 2015, p. 71)

The construction of an interim storage facility for spent fuel is planned in
Ukraine and has been licensed in 2017. Energoatom has signed a contract with
the US company Holtec International for construction of the centralized spent
fuel storage facility (CSFSF) in the Chernobyl exclusion zone. This interim stor-
age facility will be used for the spent fuel from Rivne, Khmelnitsky and South
Ukraine NPPs, the total capacity will be 12,500 spent fuel assemblies from VVER-
1000 and 4,000 from VVER-440. (SUNPP NON-TECHNICAL SUMMARY 2015, p.
22)

In average from one VVER-1000 reactor 42 spent fuel assemblies are produced
per year. Therefore, each year about 126 spent fuel assemblies are produced
from SUNPP. (SUNPP NON-TECHNICAL SUMMARY 2015, p. 22)
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Reprocessing of spent fuel, as one option, can be performed locally as well as in
other countries with return of high active waste to the country of origin. (SUNPP
NON-TECHNICAL SUMMARY 2015, p. 24)

2.2 Discussion

Radioactive waste:

The EIA documents did not provide information on volumes and activities of ra-
dioactive wastes generated during the SUNPP lifetime extension or complete in-
formation on the status of conditioning facilities, interim and final storages for
the radioactive waste. This needs further clarification.

Spent fuel

Concerning a future final repository of spent fuel and high level waste, a project
called “Concept of Radioactive Waste Disposal in Ukraine” was conducted with
the help of INSC (Euratom Instrument for Nuclear Safety Cooperation). In this
project, two general preliminary safety analysis of two concepts of geological
disposal were performed, one on a deep geological repository for disposal of
vitrified HLW and possibly spent fuel with the use of the KBS-3V concept of Swe-
den; the other one for an intermediate depth disposal facilities for disposal of
long-lived radwaste by using the SFL concept from Sweden. (NATIONAL REPORT
UKRAINE 2017)

The KBS-3V method includes using copper canisters and assuming that copper
does not corrode significantly. But there are also independent scientific studies
showing that the copper canisters may corrode much faster than was assumed.
This was also recognised by the Swedish Environmental Court in its 2018 opin-
ion. It should be clarified if Ukraine also plans to use copper for its canisters and
how the corrosion problem will be solved.

It is not clear if and when the fuel transports to Russia will come to an end. After
that, the spent fuel will have to be stored in an interim storage facility. The con-
struction of the centralized dry interim storage CSFSF in Chernobyl was com-
pleted in 2021. (UMWELTBUNDESAMT 2021) It is not clear if it will have enough
capacity for the additional spent fuel from the SUNPP lifetime extension, taking
into account that it will be used for all Ukrainian NPP except ZNPP and their life-
time extensions.
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2.3 Conclusions, questions and preliminary
recommendations

The EIA documents do not provide information on volumes and activities of ra-
dioactive wastes generated during the SUNPP lifetime extension or complete in-
formation on the status of conditioning facilities, interim and final storages for
the radioactive waste. This needs further clarification.

Spent fuel is shipped to Russia for temporary storage and reprocessing. In 2021,
the dry interim storage CSFSF in Chernobyl has started operation. Itis not clear
how much of the spent fuel from the lifetime extension of SUNPP will be
shipped to Russia and how much will be stored in the CSFSF. This has to be veri-
fied. Also it has to be verified if the capacity of the CSFSF is sufficient for the
spent fuel from SUNPP's lifetime extension, taking into account that it will be
used for all Ukrainian NPP except ZNPP and their lifetime extensions.

Spent fuel and radioactive waste can cause adverse environmental impacts and
therefore it will be welcomed if the Ukrainian side provides more information
on its national nuclear waste management plan.

2.3.1 Questions:

® Q4: In the Non-technical summary it is mentioned that reprocessing of spent
fuel could also be done locally. Does Ukraine plan the construction of a repro-
cessing plant?

® Q5: What is the status of the final disposal for spent fuel?

e Q6:Isitplanned to use copper for the spent fuel canisters for a future final
repository, and if yes, how will the copper corrosion problem be solved?

® Q 7: What amounts and activities of LILW are expected to arise from lifetime
extension of SUNPP?

® Q8 Arethere enough capacities in interim and final storages for the LILW
from SUNPP lifetime extension?

® Q9: What is the status of the treatment facilities, interim and final storages
for radioactive waste?

e Q 10: How can the safe storage of spent fuel and radioactive waste be en-
sured if the interim storages and final disposals will not be ready in time?

e Q 11: How much spent fuel from SUNPP will be sent to Russia for repro-
cessing in total?

23.2 Preliminary Recommendations:

® PR 5: To demonstrate the safe management of nuclear waste detailed in-
formation on the interim storages and final disposals should be provided;
also alternative nuclear waste management solutions, if these facilities will
not be operable in time.
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3 LONG-TERM OPERATION OF REACTOR TYPE

3.1 Treatment in the EIA documents

Chapter 2 of the SUNPP NON-TECHNICAL SUMMARY(2015) deals with the gen-
eral characteristic of the South-Ukraine NPP (SUNPP). SUNPP is a separate divi-
sion of the state-owned Enterprise “National Nuclear Energy Generating Com-

pany “Energoatom” (NNEGC “Energoatom”).

Three reactor units operating at the SUNPP. The following table lists the reactor
types and the relevant dates.

Table 2: The units of the South-Ukraine NPP (SUNPP NON-TECHNICAL SUMMARY2015)

SUNPP Reactor type Start of Start of End of design
construction commissioning lifetime
Unit 1 VVER-1000/302 01/03/1977 22/12/1982 02/12/2013
Unit 2 VVER-1000/338 01/10/1979 06/01/1985 12/05/2015
Unit 3 VVER-1000/320 01/02/1985 20/09/1989 10/02/2020

The construction of SUNPP unit 4 was started in 1983. By 1989 a large scope of
work had been done in terms of the main building and support facilities, how-
ever, on the basis of Resolution No.647 by the Council of Ministers of the USSR
dated August 16, 1989, the construction was stopped, and Power Unit No. 4 was
restructured into a full-scope simulator for the plant Training Center.

SUNPP is a core of the South-Ukraine Power and Hydro Complex that also com-
prises Olexandrivka Hydro and Tashlyk PSP. It is the only facility in Ukraine with
multi-purpose use of nuclear as baseload combined with pump-storage capaci-
ties for electricity generation.

The design life of the units is 30 years. The Ukrainian documents explained that
“Energoatom” neither considers decommissioning to be reasonable nor has re-
sources required for decommissioning any NPP units. The company’s strategy
lies in a step-by-step lifetime extension of its nuclear power plants.

By decision of the Ukrainian regulator’s (SNRIU) board, the lifetime of South
Ukraine Power Unit No. 1 was extended for 10 years on November 28, 2013. Ac-
cording to the document SUNPP NON-TECHNICAL SUMMARY(2015) the lifetime
was extended until02/12/2023 for unit 1, extension is in progress for unit 2 and
planned for unit 3.

A short and very general description of the VVER -1000 reactors is given in the
SUNPP NON-TECHNICAL SUMMARY(2015) and includes the following plan of the
SUNPP site.
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Figure 1:
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1 -RPV 6 — solid radwaste storage facility
2 — Turbine hall 7 — annexe buildings
3-DG 8 —lab and services buildings
4 — unit pump station 9 — office buildings and check point
5 — radwaste treatment building 10 — spray cooling pond
Source: SUNPP NON-TECHNICAL SUMMARY 2015 umweltbundesamt®

Reports of the Periodic Safety Review of the NPP units

Pursuant to the requirements of NP 306.2.141-2008 “General provisions of nu-
clear plant safety” and SOU-N YaEK 1.004: 2007 “Requirements to the structure and
contents of a Periodic Safety Review report for operating power units”, SUNPP shall
perform a periodic safety review of every power unit at regular intervals but at
least every 10 years after the start of plant operation or upon demand of the
Regulatory Authority. A similar approach is recommended in IAEA Safety Stand-
ards Series No. NS-G-2.10.

The objective of a PSR is to determine:

e compliance of the unit safety level with the current codes and regulations
for nuclear and radiation safety, norms and codes of design and engi-
neering documentation, a safety analysis report and other documenta-
tion listed in an operating license,

e the adequacy of the arrangements that are in place to maintain plant
safety until the next PSR or the end of plant lifetime,

e alist and terms of safety improvements to be implemented to resolve
the safety issues that have been identified during safety assessment.

Based on the results of the Periodic Safety Review, PSR reports are be prepared
for each unit. These reports shall be submitted to the State Nuclear Regulatory
Inspectorate of Ukraine (SNRIU). The PSR report is the main document the nu-
clear regulator bases its decision on the SUNPP license renewal allowing the re-
actors to operate beyond their design life.
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The PSR report includes 15 documents: a comprehensive safety analysis and 14
individual reports for every safety factor:

e SF-1 Plant design;

e SF-2 Actual condition of systems, structures and components;

e SF-3 Equipment qualification;

e SF-4 Ageing of structures, systems and components;

e SF-5 Deterministic safety analysis;

e SF-6 Probabilistic safety analysis;

e SF-7 Internal and external hazard analysis;

e SF-8 Safety performance;

e SF-9 Use of experience from other plants and research findings;

e SF-10 Organization and administration;

e SF-11 Procedures (Operational documentation);

e SF-12 The human factor;

e SF-13 Emergency planning.

e SF-14 Radiological impact on the environment

The PSR report is based on design and operational data, IAEA and WANO re-
ports on safety assessments, the unit's safety cases, etc. The most recent PSR
report for unit 1 was prepared in 2013 and the PSR report for unit 2 in 2015.

Both PSR reports showed that:

e Power units are operated according to their designs adhering to Safe Op-
erational Limits and Conditions, licensing documents and current codes
and regulations for Nuclear and Radiation Safety;

e QOver the reporting period modernizations and modifications were made
to the unit components and systems in order to enhance their safety in-
cluding updating of design documentation and operating procedure;

e SSCs ageing management program has been elaborated and is in place,
and justification has been provided to confirm that their actual technical
condition can ensure their continued safe operation beyond design life;

e Corrective actions have been implemented or planned to correct or miti-
gate the revealed non-compliances with current codes and regulations
for Nuclear and Radiation Safety;

e Operating procedures, administration charts, internal supervision charts,
quality system introduced at all units and at the plant in general meet the
safety principles and ensure the effective fulfillment of roles by an oper-
ating organization and plant management in accordance with Ukraine
Law No. 39/95-VR and appropriate regulations;

e Actual impact of power unit operation on personnel, public and environ-
ment does not exceed radiation and environmental safety criteria and
limits specified in regulatory documents;

e The existing conditions and outlined safety enhancement plans ensure
the required level of safety during power unit continued operation.
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Comprehensive analyses allow making and justifying generalized conclusions
on technical capability to continue power unit's operation for 10 years after the
end of their design life.

3.2 Discussion

The REPORT CONSULTATION (2018) explained that based on the results of peri-
odic safety review (PSR) of units 1 and 2 an assessment of the main safety crite-
ria (core damage frequency and the large release frequency) was carried out for
each unit. The assessment showed that the safety criteria do not exceed the cri-
teria established by NP 306.2.141-2008 "General safety provisions for nuclear
power plants".

However, the IAEO PRE-SALTO Mission for SUNPP 3 in 2018 found that the cur-
rent safety analysis report and ongoing periodic safety review are not suffi-
ciently comprehensive to demonstrate the sufficient safety level as condition for
LTO period. (See below)

Nuclear power plants undergo two types of adverse time-dependent changes:

e Physical Ageing of structures, systems and components (SSCs), which re-
sults in gradual deterioration in their physical characteristics.

e Conceptual and Technological Ageing: obsolescence of technologies and
design, i. e. compared to the level of current knowledge, standards and
technology the plants have become outdated.

Physical Ageing and Ageing Management

The term ‘physical ageing’' encompasses the time-dependent mechanisms that
result in degradation of a component’s quality. Unexpected combinations of
various adverse effects such as corrosion, embrittlement, crack progression or
drift of electrical parameters may result in the failure of technical equipment,
leading to the loss of required safety functions. Life-limiting processes include
the exceeding of the designed maximum number of reactor trips and load cycle
exhaustion.

Even though the fundamental ageing mechanisms are well-known in principle,
their potential to lead to incidents and accidents may not be fully recognized be-
fore the actual events take place. In particular in old NPPs exist several unde-
tected failures, some of these failures endanger the plant’s safety. Failures
caused by ageing of material have the potential to aggravate an accident situa-
tion or trigger an incident.

Choice of materials, design and manufacturing process all influence the occur-

rence and acceleration of ageing mechanisms. Due to lack of operational expe-
rience in the earlier period of nuclear power plants construction, the choice of

materials and production processes was not always optimal.
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To limit ageing-related failures at least to a certain degree, a comprehensive
ageing management program (AMP) is necessary. AMPs include programs with
accelerated samples, in-service inspections, monitoring of thermal and mechan-
ical loads, safety reviews and also the precautionary maintenance or even ex-
change of components, if feasible. Furthermore, it includes optimizing of opera-
tional procedures to reduce loads.

In case of obvious shortcomings, the exchange of the components is the only
possibility to prevent a dangerous failure. Even large components like steam
generators and reactor pressure vessel heads can be exchanged. All compo-
nents crucial for safety can be replaced - apart from the reactor pressure vessel
(RPV), and the containment structure.

In many cases, non-destructive examinations permit to monitor crack develop-
ment, changes of surfaces and wall thinning. However non-destructive examina-
tions often fail at detecting changes in the mechanical properties Therefore it is
difficult to obtain a reliable and conservative assessment of the actual state of
materials. Furthermore, the limited accessibility due to the layout of compo-
nents and/or high radiation levels does not permit sufficient examination of all
components. Therefore, it is necessary to rely on model calculations to deter-
mine the loads and their effects on materials.

The measures of the intensification of plant monitoring and/or more frequent
examinations, coupled with appropriate maintenance both rely on the optimis-
tic assumption that cracks and other damage and degradation would be de-
tected before they lead to failure; this is unrealistic in many cases. Tracking the
condition of all the equipment is a complicated task for systems as complex as
NPP. Once the reactors have surpassed their design lifetime, the number of fail-
ures is likely to start increasing.

Ageing management programs (AMPs) so far implemented have not been suffi-
cient to avoid the occurrence of serious ageing effects.

Although aging is a safety issue for SUNPP, it is not addressed appropriately in
the provided EIA documents which only contain the comment that "Structures,
systems and components aging" is a safety factor (SF) within the PSR. SSCs age-
ing management program was described as elaborated and in place, and that
evidence showed that their actual technical condition can ensure continued
safe operation beyond design life.

During the transboundary consultation on the EIA results for ZNPP and SUNPP
it is stated that all the factors impacting safety indicators (including aging of ma-
terials) were considered in the Periodic Safety Review report. Based on its re-
sults the Comprehensive Integrated Safety Enhancement Program was devel-
oped. Realization of this program ensures the increase of safety and reliability
of the units. (REPORT CONSULTATION 2018)

As mentioned above the IAEO PRE-SALTO Mission for SUNPP 3in 2018 found
the ageing management programmes in the scope of LTO insufficient. Already
earlier, in 2017, the Topical Peer Review (TPR) concluded the same. (see below)
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Topical Review of Ageing Management

The Topical Peer Review (TPR) as set out in Article 8e of Directive
2014/87/EURATOM has been carried out in 2017. The first TPR focused on the
Overall Ageing Management Programmes and four thematic areas: electrical ca-
bles, concealed pipework, reactor pressure vessels and Calandria, and concrete
containment structures and Pre-stressed Concrete Pressure Vessels. All partici-
pating countries made a self-assessment and reported results in their National
Assessment Reports. In the course of the TPR, national results have been evalu-
ated through the peer review process, complementing the national assess-
ments. The review identified generic findings, namely good practices and expec-
tations to enhance ageing management (ENSREG 2018):

® Agood practice is an aspect of ageing management which is considered
to go beyond what is required in meeting the appropriate international
standard.

e TPR expected level of performance for ageing management is the level of
performance that should be reached to ensure consistent and acceptable
management of ageing throughout Europe.

Ageing Management in Ukraine

The following section summarizes the SNRIU (2017) findings and ENSREG peer
review assessment of the TPR on Ageing Management.

Overall Ageing Management

The Standard AMP was developed by the operator in 2004, and the implemen-
tation of ageing management at Ukrainian NPPs started then.

According to SNRIU (2017), the Standard AMP is the main document of the oper-
ator and establishes overall requirements for the procedure for ageing manage-
ment of components and structures and determines the scope and sequence of
LTO activities. The main drawback of the Standard AMP is that it combines as-
pects of AM and LTO, while they should be governed by separate documents of
the operator. Currently, this drawback has been practically removed by the op-
erator through development of two separate industry standards that govern

AM and LTO.

SNRIU conducts continuous oversight and monitoring of AMP implementation
at Ukrainian NPPs. The operator annually submits reports on AMP implementa-
tion to SNRIU. SNRIU assesses and checks information provided in the opera-
tor's reports during scheduled inspections at NPPs, particularly in assessment of
issues related to ageing management.

The Peer review team criticized the methodology for scoping the SSCs subject to
ageing management: The scope of the AMP is not being reviewed and if neces-
sary updated in line with the new IAEA Safety Standard after its publication
(ENSREG 2018)
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Ageing management of electrical cables

Inspection findings for cables used in the containment are mainly positive. Ca-
bles showing unsatisfactory mechanical and capacity characteristics of insula-
tion in laboratory tests after accelerated thermal and radiation ageing are being
replaced.

The Automated Ageing Management System for Power Unit Components has
been implemented, which consists of a separate software application integrated
in the lists, directories and classifiers of the Ukrainian equipment reliability da-
tabase.

SNRIU states that the electrical cables’ ageing management at NPP units is paid
proper attention to both during the design-basis life and in the LTO period.

In addition, in the framework of measures related to replacement of equipment
in instrumentation and control systems and electrical equipment, control and
power cables have been or are going to be replaced with fire retardant ones
and those in automated firefighting systems and emergency power supply sys-
tems with fireproof ones.

Ageing management of concealed pipework

Preventive and remedial measures for concealed pipework are established
based on TCA activities, technical examination and monitoring individually for
each power unit. TCA activities performed at Ukrainian NPPs revealed insignifi-
cant worsening of underground piping condition.

The activities performed by the operator regarding ageing management of con-
cealed pipework meet the regulatory requirements at the same time taking into
account that the contactless diagnostics methods are constantly improved, in
particular in terms of improving accuracy of determining parameters, the SNRIU
recommended the operator to continue the following measures on a perma-
nent basis:

e analyze current research and development whose purpose is to perform
adequate assessment (diagnostics) of current technical condition for pip-
ing, which is deepened in the ground and is not easily accessible for ex-
amination;

e analyze current international experience in assessing the current tech-
nical condition of these piping;

e involve specialized organizations having experience in designing, operat-
ing and repairing similar piping in other industries, etc.

The peer review team criticized in regard of the AM of concealed pipework sev-
eral issues: Inspection of safety-related pipe work penetrations through con-
crete structures are not part of ageing management programmes, unless it can
be demonstrated that there is no active degradation mechanism. The peer re-
view criticized also the scope of the concealed pipework included in the AMP be-
cause non-safety-related pipework whose failure may impact SSCs performing
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safety functions are not included. The fact that opportunistic inspection of con-
cealed pipework is not undertaken whenever the pipework becomes accessible
for other purposes was also pointed out. (ENSREG 2018)

Ageing management of RPV

The Reactor Pressure Vessel (RPV) is a component that cannot be replaced and
its current and estimated technical condition affects long-term operation of the
power unit. Given this issue, both the operator and regulator pay special atten-
tion to RPV ageing management.

To provide more reliable results of tests for the surveillance specimens already
removed from the reactor, the operator uses the reconstruction technology to
increase the number of specimens to plot serial curves of bending tests and im-
prove the accuracy and reliability of the mechanical properties of irradiated
RPVs.

The operator developed and is implementing the Integrated Program in order
to receive additional data on regular, modernized and new surveillance pro-
grams to improve reliability of the assessment of changes in RPV metal proper-
ties. According to this program, the surveillance specimens are irradiated in the
beltline region. At the same time, the applied use of the results of implementing
this program is complicated by a number of factors that are still not resolved by
the operator.

The process of RPV AM continues to be improved on the basis of accumulated
national and international experience and results of the implementation of re-
search and development programs.

The Peer Review criticized regarding the Non-destructive examination (NDE)
that comprehensive NDE is not performed in the base material of the beltline
region in order to detect defects. Additionally, it is criticized that fatigue anal-
yses have not taken into account the environmental effect of the coolant.
(ENSREG 2018)

According to SNRIU (2016), the most important tasks of ageing management
and lifetime management are associated with buildings, structures and equip-
ment whose replacement is impossible or extremely expensive, such as reactor
pressure vessel lifetime management. Therefore, the following is continuously
monitored during operation:

e mechanical properties of reactor pressure vessel materials by periodical
testing of surveillance specimens;

e accumulation of fast neutron fluence on reactor pressure vessels in the
beltline region by computational and experimental methods;

® impact of operating factors on the occurrence of defects in the most
stressed areas of reactor pressure vessels by periodic (every four years)
non-destructive examinations of base metal, welds and corrosion-re-
sistant cladding.
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Based on the monitoring results, the safety of reactor pressure vessel opera-
tion is evaluated throughout the design lifetime. The integrity and brittle frac-
ture resistance are justified by calculation, taking account of non-destructive ex-
amination results, testing of surveillance specimens, fast neutron fluence accu-
mulated by reactor pressure vessels, as well as IAEA recommendations on pres-
surized thermal shock analysis for different emergencies. The Experimental De-
sign Bureau Hydropress (Russian Federation) as General Designer has justified
reactor pressure vessel brittle strength for Khmelnitsky NPP unit 1 for the de-
sign lifetime. Similar work was performed for the reactor pressure vessels of
Khmelnitsky NPP unit 2, Rivne NPP unit 4 and South Ukraine NPP unit 2.

In preparation for long-term operation, the ReZ Nuclear Research Institute
(Czech Republic) assessed the technical condition of the reactor at South
Ukraine NPP unit 1. Pursuing the safety culture principles and taking into ac-
count certain design deficiencies of the standard surveillance programme for
VVER-1000 reactor pressure vessels, upon request of the Ukrainian operator,
the ReZ Nuclear Research Institute conducts research and analysis of surveil-
lance specimens from reactor pressure vessel materials of Khmelnitsky NPP
unit 2, Rivne NPP units 3, 4 and Zaporizhzhya NPP unit 6, which were irradiated
in the beltline region at Temelin NPP. This allows a comparative analysis and
evaluation of changes in the properties of reactor pressure vessel materials de-
pending on irradiation conditions according to the standard and integral pro-
grammes. (SNRIU 2016)

The standard surveillance programme for some of the reactors is good but not
sufficient. Comprehensive inspections of all RPVs are necessary.

Ageing management of concrete containment structures

Gained experience of conducted activities on TCA based on the results of instru-
mental, visual inspection and calculation of strength and carrying capacity indi-
cates that the revealed defects and damages have no effect on the carrying ca-
pacity of the structures. Continued operation (for the period of LTO) of contain-
ment structures is allowed in the design mode without restrictions, but on con-
dition of the implementation of ageing management measures.

One of the important factors affecting the determination of the tension is the
level of design-basis earthquake. In this case, it is necessary to note that the
seismic level of NPP sites was reevaluated over the past 10 years and new level
is actually two or three times higher than the design level." Such a calculation,
as arule, is performed with activities on power unit preparation to LTO sepa-
rately for each power unit, since the seismic level of sites varies and each con-
tainment has its own peculiarities, so the calculation is performed individually.
Relevant measures on AM are developed according to the calculation results.

' The initial seismic design basis applied to the Ukrainian NPPs (PGA=0.05g) is lower than the
recommendation of the IAEA (minimum PGA=0.10g). Taking into account IAEA
recommendations and conservative approach, design level of PGA was increased 0.12g for
SUNPP (30% conservative margin to PGA=0.093g was assumed).
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According to the Peer Review, the Pre-stressing forces are monitored on a peri-
odic basis to ensure the containment fulfils its safety function, this is assessed
as good performance. (ENSREG 2018)

All in all, the TPR revealed several shortcomings in the Ageing Manage-
ment of the Ukrainian NPPs.

Pre-Salto Mission

At the invitation of the State Enterprise “National Nuclear Energy Generating
Company” (SE NNEGC) EnergoAtom, the IAEA conducted a Pre-SALTO (Safety As-
pects of Long-Term Operation) mission at Unit 3 of the South-Ukraine Nuclear
Power Plant in Ukraine from 17 April to 25 April 2018. (IAEA 2018)

This Pre-SALTO mission focused on the status of activities for the Long-Term
Operation (LTO) assessment of the plant. The team reviewed the completed, in-
progress and planned activities related to LTO, including Ageing Management
(AM) of the Systems, Structures and Components (SSCs) important to safety and
revalidation of Time-Limited Ageing Analyses (TLAASs).

Through the review of available documents, presentations and discussions with
counterparts and other members of the plant staff, the IAEA team concluded
that the plant had made progress in the field of ageing management and initi-
ated many activities to prepare for safe long-term operation. The LTO project
has already addressed several topics as recommended by the IAEA, with some
activities partially implemented and many others initiated.

In addition, the team found good practices and good performances, including
the following:

® Monitoring of safety indicators including ageing related failures since the
start of operation (Current Safety Level Computer-based System);
e Atlas of operational defects in VVER Reactor steam generators tubes;

e Development and implementation of the RPV irradiation embrittlement
surveillance programme.

The team found areas which should be improved to reach the level of interna-
tional good practice. Fifteen issues were raised for further improvement:

e Organizational structure for LTO preparation and implementation is not
fully implemented;

e The content of the LTO implementation programme is not complete;

* The current safety analysis report and ongoing periodic safety re-
view are not sufficiently comprehensive to demonstrate safety for
the LTO period;

e The scope of structure, systems and components (SSCs) that affect the

safety of LTO is not complete and the scope setting process is not docu-
mented in a sufficient and traceable manner;
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e Plant programmes relevant to safety during LTO do not properly identify
and address ageing effects and are not linked to the ageing management
programmes;

e Management of ageing related data does not fully support effective age-
ing management of SSCs in the scope of LTO;

® Ageing management review for mechanical, electrical and I&C SSCs
within LTO scope is not complete;

® Ageing management programmes for mechanical, electrical and 1&C
components in the scope of LTO are not comprehensive;

e Therelevant TLAAs for mechanical components were not properly identi-
fied and revalidated;

e The equipment qualification status is not adequately preserved;

e Technological obsolescence of SSCs important to safety is not managed
proactively throughout their service life;

e (Containment concrete structure strain monitoring is unavailable;

* Assessment of the safety consequences of containment building founda-
tion movement is not performed for LTO;

e Corrective actions for ageing effects on civil structures have not been im-
plemented in a timely manner;

e The plant has not systematically analysed and implemented all the com-
ponents of an integrated knowledge management process.

The plant management expressed a determination to address the areas identi-
fied for improvement and indicated their intent to invite a ‘SALTO Peer Review
Mission to South Ukraine Nuclear Power Plant Unit 3'in quarter 4 of 2019 to re-
view of progress in ageing management and LTO activities. The SALTO Mission
is now planned for the 24 of August 2021. (IAEA 2021)

The list of deviations from the required safety standards is very long and covers
many areas. The scope of the ageing management programme is insufficient,
the measures are inadequate and necessary corrections are carried out with
long delays.

Conceptual and technological ageing

The development of science and technology continuously produces new
knowledge about possible failure modes, properties of materials, and verifica-
tion, testing and computational methodologies. This leads to technological age-
ing of the existing safety concept in nuclear power plants. At the same time, as a
result of lessons learnt in particular by major accidents at Three Mile Island,
Chernobyl and Fukushima Daiichi, earlier safety concepts are becoming obso-
lete. Furthermore the 9/11 terror attacks showed the need for increasing the
protection against external hazards. Older nuclear power plants have not been
designed to withstand the impact of commercial aircraft or other terror attacks.

The safety design of nuclear power plants is very important to prevent as well
as to deal with incidents or accidents. Therefore, a risk assessment of a nuclear
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power plant has to consider the design base including the operational experi-
ence of all other comparable plants. The concerns are growing due to the Fuku-
shima accident, as it revealed that there could be basic safety problems with the
old units, whose design was prepared back in the sixties or seventies.

The old VVER reactor types have several design weaknesses, which cannot be
resolved by performing back-fitting measures. The VVER-1000/V320 is fitted
with a full-pressure single containment; however, it has a basic shortcoming not
encountered in western PWRs. The lower containment boundary (containment
basement) is not in contact with the ground but is located at a higher level in-
side the reactor building. In case of a severe accident, melt-through can occur
within approx. 48 hours. The containment atmosphere will then blow down in-
to parts of the reactor building that are not leak-tight resulting in high releases.
The reactor building - including the Main and Emergency Control Rooms
(MCR/ECR) - will have to be abandoned (HIRSCH 2005).

Since there is no possibility for cooling the reactor pressure vessel (RPV) from
outside in severe accident conditions, the retention of the molten core in the
RPV is not assured.

An analysis performed as part of a European Union pre-accession instrument
(PHARE project) Kozloduy 5 and 6 discovered a vulnerability of the design con-
sisting of very early (one-hour) containment melt-through via ionization cham-
ber channels situated around the reactor pit. To remedy this dangerous weak-
ness plugging of the channels is planned in the next five years.

In case of a severe accident with core melt, the retention of the molten core in-
side the vessel is not possible. The design of the VVER-1000/V320 containment
and the reactor cavity are such that any water supplied to the containment
through the spray system or other means would not reach the reactor cavity.
Thus, there is no possibility to directly flood the melt pool in the cavity.

Another weakness is the protection against external hazard. The reactor build-
ings are only designed against aircraft accidents of small machines.

VVER-1000 V-302 and V-338 reactors are so-called "small series". The V-320
model is a reactor series with individual improvements over its predecessors.

IAEA Recommendations

The stress tests in 2011 revealed that Ukrainian NPPs are compliant only with
172 of the 194 requirements according to the IAEA Design Safety Standards
published in 2000.2 Meanwhile, even this IAEA document is outdated; in January
2012 new safety requirements were published by IAEA (IAEA 2012).

2 Under the framework of joint IAEA-EC-Ukraine projects a design evaluation was carried out
to conduct an overall evaluation of the compliance of the design of the Ukrainian NPPs with
the IAEA Safety Standards “Safety of Nuclear Power Plants: Design” (NS-R-1) published in
2000.
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The lack of compliance with the IAEA Safety Standards is remarkable, because
during the last decade, the European Commission, the EBRD, EURATOM and the
IAEA supported the safety analysis of VVER reactors and provided significant
funds to enhance the safety of these plants:

During the first safety upgrade program (2002 - 2005), only 35% of the envis-
aged 89 measures were implemented. The second program (2006 - 2010) was
supposed to complete the safety measures from the former program and to
adopt the new requirements formulated by IAEA and WENRA. But only 80% of
253 pilot measures and 37% of 472 adopted measures were implemented by
2010 (WENISCH 2012).

Taking into account the results of implementation of former safety upgrade
programs, outcomes from joint IAEA-EU-Ukraine project and strengthening na-
tional regulatory requirements, the United Safety Upgrade Program (2010 -
2017) has been developed (BOZKOA 2009).

According to SNRIU (2016), the operator is finalising implementation of the IAEA
recommendations related to resolution of safety issues determined in the IAEA
reports, namely: safety issues and their ranking for VVER-1000 Model 320 Nu-
clear Power Plants (IAEA-EBP-VVER-05) and safety issues and their ranking for
Small Series VVER-1000 Nuclear Power Plants (IAEA-EBP-VVER-14). To resolve
safety issues identified in the above reports, the operator has implemented a
significant number of safety upgrades. In particular, they include measures on
improvement of control rod insertion reliability (RC2), reactor pressure vessel
embrittlement and monitoring (CI1), application of non-destructive testing (vis-
ual, ultrasonic, eddy current) (Cl2), elimination of ECCS sump screen blocking
and replacement of primary equipment insulation at all reactors (S5), replace-
ment of steam generator pilot-operated relief valves at all V-320 power units
(S9), replacement of storage batteries and uninterruptible power supply sources
with expired lifetime at all power units (EI5), backup of the reactor protection
system (1&C5), fire prevention (IH2), etc.

In 2016, still two of the eleven issues with the high safety concern (Rank Ill) for
the VVER-1000 Model 320 have not been implemented. The remaining two rec-
ommendations are being resolved under the Comprehensive (Integrated) Safety
Improvement Programme (C(1)SIP).

e |ssue No. G2: Equipment qualification. The effort was performed under
C(I)SIP measure 10101. (SNRIU 2021)

e [ssue No. S9: Qualification of steam generator pilot-operated relief vales
and BRU-A (steam dump valve to atmosphere) for water and steam-wa-
ter discharge. Steam generator pilot-operated relief valves have been re-
placed at all V-320 units. Qualification of steam dump valve drives was
performed under C(I)SIP measure 13302. (SRNIU 2021)

In 2016 still one issue of the twelve issues with the high safety concern (Rank I11)
for the VVER-1000/V-302 and V-338 Nuclear Power Plants have not been imple-
mented. The remaining recommendation is being resolved under C(I)SIP:
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e [ssue No. S14: To improve the capability of the boron injection system.
Engineering analysis has been carried out for both units to identify criti-
cal components for first-priority qualification for accident conditions.

Comprehensive Safety Upgrade Programme

Currently, safety upgrades are implemented in line with the ongoing safety im-
provement programme, C(I)SIP, whose status was upgraded after the Fuku-
shima Daiichi accident. Because of delays in obtaining EBRD/Euratom loan for
partial financing of C(I)SIP, difficulties in tendering for procurement of equip-
ment and increase in the number of measures due to post-Fukushima
measures, duration of the programme has been extended by Resolution of the
Cabinet of Ministers of Ukraine to 2020. Under the C(I)SIP, 1275 measures are to
be completed by 2020. The number of C(I)SIP measures may change subject to
periodic safety review results, operating experience and new research findings
in the area of safety, recommendations of international experts, etc. (SNRIU
2016)

But the implementation of the measures was not finished by 2020.

The document REPORT CONSULTATION (2018) explained that information on
safety upgrade measures is presented on the Company's official website
(www.energoatom.kiev.ua) in the section “Main page / Activities / Complex con-
solidated safety upgrade program”. The most recent document that is pub-
lished is the status report of the first quarter of 2021. (SNRIU 2021).

Totally, as of March 31 2021, 1020 measures out of 1295 were completed and
275 are to be implemented, including about 90 measures planned to be com-
pleted by the end of 2021. The following table shows the status of implementa-
tion for the SUNPP (SNRIU 2021).

Table 3: Status of implementation of the C(I)SIP for SUNPP on 31/03/2021 (SNRIU 2021)

Unit Total number of Completed To be implemented
measures

SUNPP-1 53 50 3

SUNPP-2 53 45 8

SUNPP-3 77 55 22

Directed at all units 5 4 1

Totally 188 154 134

The tables shows that many measures still await implementation (see also
chapter 8.2). It is noteworthy that the total number of measures for unit 1 and 2
is significantly lower than for unit 3.

WENRA Safety Reference Level

In 2014, the Western European Nuclear Regulators Association (WENRA) pub-
lished a revised version of the Safety Reference Levels (RLs) for existing reactors
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developed by the Reactor Harmonisation Working Group (RHWG). The objective
of the revision was to take into account lessons learned of the TEPCO Fuku-
shima Daiichi accident. (WENRA RHWG 2014a) Note: SNRIU is a member of
WENRA.

A major update of the RLs was the revision of Issue F "Design Extension of Exist-
ing Reactors" introducing the concept of Design Extension Conditions (DEC). The
term design extension condition (DEC) has been introduced to achieve con-
sistency with the IAEA SSR-2/1 safety standard (IAEA 2016).

Occurrence of conditions more complex and/or more severe than those postu-
lated as design basis accidents (DBA) cannot be neglected in safety analyses.
These conditions shall be investigated as Design Extension Conditions (DEC) so
that any reasonably practicable measures to improve the safety of a plant are
identified and implemented. (RL F1.1) RL F1.2 defines two categories of DEC:

e DECA for which prevention of severe fuel damage in the core orin the
spent fuel storage can be achieved; and

e DEC B with postulated severe fuel damage.

WENRA RHWG (2018a) reports on the implementation of the revised RLs in the
national regulatory frameworks of WENRA countries. RHWG suggested and
WENRA agreed to restrict the review to the implementation of the RLs that were
updated and developed after the accident at Fukushima Dai-ichi NPP. Table 3
lists the new and revised WENRA RL.

Table 4:Revised or new WENRA reference Levels (WENRA RHWG 2018aq)

Issue A: Safety Policy 1
Issue B: Operating Organization 1
Issue C: Management System 3
Issue D: Training and Authorization of NPP Staffs 1
Issue G: Safety Classification of SSCs 1
Issue N: Contents and Updating of SAR 4
Issue O: PSA 2
Issue P: PSR 5
Issue S: Protection against Internal Fires 1
Issue E: Design Basis Envelope 13
Issue F: Design Extension 25
Issue LM: EOPs and SAMGs 13
Issue R: On-site Emergency Preparedness 12
Issue T: Natural Hazards 19

The State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) performed the
self-assessment of issues A, B, C, D, G, N, O, P, S. The Figure 2 shows the status
of the self-assessment (November 2015) and the result of the peer-review
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Figure 2:

Status of implementa-
tion of new and revised
RL in Ukraine

Figure 3:

Reported status of im-
plementation of 2014 RL
in 2020
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(March 2016). It illustrates that Ukraine has not implemented the new RL F and
T in the regulations at that time.
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Ukraine proposed the full implementation of the remaining 74 RLs into the na-
tional regulation until March 2018. However, as of 1 January 2019 Ukraine has
not implemented 88 RL out of 342, see Figure 3. (WENRA RHWG 2020a)
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3.3 Conclusions, questions and preliminary
recommendations

Although ageing of the 32-, 35- and 39-years old structures, systems and com-
ponents is a safety issue for the SUNPP unit 1-3, it is not addressed in the EIA
documents. The adverse effect of ageing depends also on the inspection, resto-
ration and protection measures taken. A comprehensive ageing management
program (AMP) is necessary to limit ageing-related failures at least to a certain
degree. However, no information about an ageing management programme
(AMP) is provided in the EIA documents.

The IAEO PRE-SALTO Mission for SUNPP 3 in 2018 found that the current safety
analysis report and the periodic safety review are not sufficiently comprehen-
sive for demonstration of safety for Long Term Operation (LTO) period.

Ukraine participated in the Topical Peer Review (TPR) “Ageing Management” un-
der the Nuclear Safety Directive 2014/87/EURATOM, carried out in 2017/18. Sev-
eral “areas for improvement” were identified, i. e. deviation of the TPR expected
level of performance that should be reached to ensure an acceptable manage-
ment of ageing throughout Europe. The results of the TPR and the activities to
remedy the weaknesses should be presented in the EIA documents, in particu-
lar the very important safety issue of the embrittlement of the RPVs should be
discussed. The standard surveillance programme for some of the Ukrainian re-
actors is good but it is not sufficient. Comprehensive inspections of all RPVs are
necessary.

Although conceptual ageing is also an issue for the SUNPP, the EIA documents
does not deal with any of safety issues of the VVER-1000 reactors. NPP designs
developed in the 1980s, like the VVER-1000, only partly meet modern design
principles concerning redundancy, diversity and physical separation of redun-
dant subsystems or the preference of passive safety systems. The EIA docu-
ments do neither provide a description of the safety-relevant systems nor infor-
mation about the capacities, redundancies and physical separation. The old
VVER reactor type has several design weaknesses, which cannot be resolved by
performing back-fitting measures. The lower containment boundary (contain-
ment basement) is not in contact with the ground but is located at a higher level
in-side the reactor building. In case of a severe accident a melt-through can oc-
cur within approx. 48 hours. The containment atmosphere will then blow down
into parts of the reactor building that are not leak-tight and resulting in high re-
leases. Another weakness is the protection against external hazard. Concerning
airplane crashes, the reactor buildings are designed to withstand accidents of
small airplanes only.

Although safety relevant issues were not completely solved, the State Nuclear
Regulatory Inspectorate of Ukraine (SNRIU) granted 10-year lifetime extensions
for three units SUNPP in 2013, 2015 and 2020, respectively. The stress tests re-
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vealed 2011 that Ukrainian NPPs are compliant only with 172 of the 194 re-
quirements according to the IAEA Design Safety Standards published in 2000.3
Implementation of necessary improvements is on-going under the Upgrade
Package. This includes the Comprehensive (Integrated) Safety Improvement
Program (C(I)SIP). The completion of the program was postponed several times.
Scheduled completion is now 2023. As of 31/03/2021 still a lot of measures have
to be implemented (2, 8 and 22 respectively). It is noteworthy that the total
number of measures for unit 1 and 2 is significantly lower than for unit 3.

A significant gap remains between the required safety standard and the actual
safety level of the SUNPP units. In spite of some progress, the programmes ran
into a long delay and this situation has not changed since the last century. From
a safety point of view it is incomprehensible that the completion of the measure
was not a prerequisite for the lifetime extension.

SNRIU is a member of the Western European Nuclear Regulators Association’s
(WENRA). In 2014, WENRA published a revised version of the Safety Reference
Levels (RLs) for existing reactors which had been developed by the Reactor Har-
monisation Working Group (RHWG). The objective of the revision was to take
into account lessons learned from the TEPCO Fukushima Daiichi accident. A ma-
jor update of the RLs was the revision of Issue F "Design Extension of Existing
Reactors" introducing the concept of Design Extension Conditions (DEC). How-
ever, it has to be noted that Ukraine has not implemented 88 RL of the 342 until
January 1, 2019.

3.3.1 Questions

e Q 12: What is the status of the LTO for the unit 3 of the South Ukraine NPP?

e Q 13: What is the time schedule for the necessary improvement of the ageing
management programme (AMP) based on the findings of the Topical Peer Re-
view (TPR) carried out in line with Article 8e of Directive 2014/87/EURATOM?

®  Q 14: What are the specific findings of the ageing management programme
for SUNPP unit 1 to 3? Are there any differences between the units?

e Q 15: What are the results of Safety Factors (SF) 4 (structures, systems and
components ageing) of the last periodic safety review for unit 1 to 3? Are there
any differences between the units?

e Q 16: What are the results of the embrittlement of the reactor pressure ves-
sels (RPVs) for the units 1 to 3? Are there any differences between the units?

e Q 17:Is a systematic evaluation of the SUNPP design deviations from the cur-
rent international safety standards and requirements envisaged?

3 Under the framework of joint IAEA-EC-Ukraine projects a design evaluation was carried out
to conduct an overall evaluation of the compliance of the design of the Ukrainian NPPs with
the IAEA Safety Standards “Safety of Nuclear Power Plants: Design” (NS-R-1) published in
2000. Meanwhile, even this IAEA document is outdated; in January 2012 new safety
requirements was published by IAEA (2012).
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e Q 18: Why is the number of measures of the C(I)SIP for SUNPP unit 3 is higher
than for SUNPP units 1 and 2?

e Q 19: When will the WENRA RL be fully implemented in the Ukrainian regula-
tions? Will the application of the RL be binding?

®  Q 20: When will be reviewed whether the RL will be meet for the SUNPP?
e Q 21: Which WENRA Documents will be mandatory for lifetime extensions?

3.3.2 Preliminary Recommendations:

® PR6: Itisrecommended to implement all available design improvements
of VVER-1000 reactor for the SUNPP.

e PR 7:Itisrecommended to undertake a comparison of the design and
measures of the SUNPP with all requirements of SRL F. In case of devia-
tions will be found and accepted the reasons for this decision should be
explained.

e PR 8:Itisrecommended to also provide the following further information:

a) adetailed description of the safety systems, including information on
requirements for the important safety-relevant systems and compo-
nents and a detailed description of the measures taken to control se-
vere accidents or to mitigate their consequences.

b) Information about the applied national requirements and international
recommendations.

c) comprehensible presentation and overall assessment of all deviations
from the current state of the art in science and technology. This
presentation should include:

All deviations from the modern requirements for redundancy, diver-
sity and independence of the safety levels.

Incompleteness of the database and plant documentation used.
Presentation of all safety assessments or parameter definitions by
personal expert assessments (“engineering judgement”).

Presentation of the general dealing of uncertainties and non-
knowledge and its effects on risk.

Deviations from the state of the art in science and technology with re-
gard to the detection methods used, the technical estimates and cal-
culation procedures.

The safety margins available for the individual safety-relevant compo-
nents and their respective ageing related changes compared to the
original condition.

d) Information to the ageing management program, the following issues
should be presented in the EIA documents:

The national action plan relating to the Topical Peer Review (TPR)
“Ageing Management” under the Nuclear Safety Directive
2014/87/EURATOM and its progress.
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The very important safety issue of the ageing of the RPVs (embrittle-
ment), including definition and justification of appropriate safety mar-
gins.
Evaluation of the conditions of the RPV internals and head penetra-
tions including trends of events, and envisaged exchange measures.
Evaluation of the conditions of components of the primary circuit
components and of the electrical installations including trends of
events, and envisaged exchange measures.

e) Regarding operation experience, the EIA documents should present an

evaluation of safety relevant events including the lessons learned.
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4 ACCIDENT ANALYSIS

4.1 Treatmentin the EIA documents

Chapter 2.7 of the SUNPP NON-TECHNICAL SUMMARY (2015) discusses the po-
tential accidents during operation of SUNPP power units. The acceptance crite-
rion for ecological consequences of accidents is established in NRBU-97. To ana-
lyse radiation consequences of design basis accidents (DBA) and beyond design-
basis accidents (BDBA) at SUNPP the following factors were taken into account:

e maximum design basis accident - accident caused by double-ended rup-
ture of cooling system (loss-of-coolant accident) at the nominal energy
level;

e depressurization of cover at steam generator collector;
e accident during fuel handling and spent fuel handling;

e accident caused by cooling line damage outside the reactor.

The documents stated that also an analysis of severe beyond design accidents
as a part of safety analysis in the Comprehensive (integrated) Safety Upgrade
Program for Power Units of Ukraine Nuclear Power Plants” (C(I)SUP) was con-
ducted.

The following table presents the total release and the release of Caesium-137
and lodine 131 of all considered accidents.

Accidents Cs-137inBq 1-131inBq Total in Bq
Maximum DBA 5,00E+11 4,98E+12 717E+13
Steam generator header cover lift-up 5,30E+11 2,53E+13 4,35E+15
emergency spike

Steam generator header cover lift-up pre 5,30E+11 4,50E+12 2,59E+14
accident spike

Hydraulic lock drop into the spent fuel pool 5,80E+11 1,65E+13 5,34E+14
Fuel assembly drop on the reactor core 6,50E+10 3,80E+11 1,05E+14
and FA top nozzles in the spent fuel pool

Drop of the container with the spent fuel 7,30E+11 - 2,45E+12
from height of more than 9 meters

Fuel assembly drop on the reactor core in 4,63E+12 8,20E+11 1,21E+14
the reactor

Impulse tube rupture beyond the contain- 7,40E+09 6,70E+12 1,32E+14
ment

Planed cool down line rupture 3,70E+07 6,42E+07 6,80E+12
Rupture of the process blow off pipeline of - - 3,44E+13

the reactor building

Umweltbundesamt ® REP-0774, Vienna 2021 | 51



NPP South Ukraine Lifetime Extension EIA - Accident analysis

Chapter 4 of the SUNPP NON-TECHNICAL SUMMARY (2015) gives some infor-
mation about the expected exposures after an accident: The maximum expo-
sure doses caused by the design basis accident (DBA) assessed at the boundary
of the buffer area show that even in case of DBA the levels of potential expo-
sure are appeared to be significantly below the specified limit justified for popu-
lation evacuation (50 mSv for whole body).

The estimated maximum exposure doses resulted from DBA at the boundary of
the buffer area are presented in the following table:

Table 6. Design Basis Accident External cloud External radiation A dose for a
Estimated maximum radiation dose, dose through thyroid gland
radiation doses resulted mSv ground contami-  through inhala-
. . nation, mSv tion by a child,
from Design Basis
. mSyv
Accidents
An accident caused by
double ended pipe rupture
(DBA, Loss-of coolant acci- 0.8 i 63
dent)
SG header cover leakage 0.7 75 163
Accidents related to: effective body adoseforathy- adose foraskin,
- SF storage pool leakage; dose, mSv roid gland, mGy mGy
- FA drop into the SF stor-
age pool;
- water gate drop into the 3.44 9.25 66.3

SF storage pool.

Chapter 6 of the SUNPP NON-TECHNICAL SUMMARY (2015) provides results of
calculations radioactive releases into environment at various types of accidents.
The software package PC COSYMA, developed at the National Radiological Pro-
tection Board (National Committee on Radiation Protection, England) for emer-
gency situations was used for calculations. It is explained that all calculations
are done for the conservative conditions of the impurity propagation and for-
mation of doses (maximum doses).

The analysis shows that the amount of potential accidental releases does not
exceed the levels which meet the maximum permissible values of radiation cri-
teria for equivalent and absorbed doses on the border and outside the sanitary
protection zone, specified in the documents SP AS-88 and NRBU-97. (SUNPP
NON-TECHNICAL SUMMARY 2015)

According to the SUNPP EIA REPORT (2015), the analysis results for the beyond
design-basis accidents (BDBAs) confirm the surveillance area (30 km), which de-
fines the area of unconditional justification for urgent countermeasures.

The maximum effective dose of the BDBAs for the population within the 30 kilo-
meter area is estimated in the Comprehensive (Integrated) Safety Upgrade Pro-
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gram to be within 5.77 mSv/year which does not exceed 15% of boundary pa-
rameter level (40 mSv/year) specified in Radiation Safety Standard of Ukraine.
(SUNPP NON-TECHNICAL SUMMARY 2015)

It is concluded that in case of SUNPP power units’ lifetime extension the trans-
boundary impacts potentially requiring a response are excluded. (SUNPP NON-
TECHNICAL SUMMARY 2015)

The SUNPP EIA REPORT (2015) stated that the analysis allows to make a conclu-
sion about practical absence of harmful transboundary impacts associated with
lifetime extension of the SUNPP power units in normal operation or in case of
design or beyond design-basis accidents.

Protective measures

The SUNPP NON-TECHNICAL SUMMARY (2015) mentions that one important el-
ement for NPP safety is the tightness of premises where radioactive material is
kept. SUNPP has a reactor containment system around the primary equipment
to prevent the release of radioactive materials in the event of breaks or leaks
and to protect the primary circuit against extreme external hazards.

To prevent or mitigate radioactive releases, the following engineering decisions
have been elaborated:
e radioactive air purification with filters;

e absorption and filtration of gases containing radioactive isotopes (xenon,
krypton) of noble gases;

e installation of safety barriers to confine radioactive materials;
e use of closed loops to prevent radioactive liquid leaking;

e introduced special system for liquid radwaste and solid radwaste collec-
tion and storage.

Regarding the mitigation of accident consequences, the SUNPP emergency
safety is based on the following safety principles and criteria:

e NPP safety is ensured with

physical barriers in the direction of spreading of ionizing radiation and
radioactive substances into environment, and

systems of technical and organizational measures to protect the barri-
ers and to keep their efficiency for protection of personnel, population
and environment.

e During NPP operation they monitor the barriers’ integrity in all the direc-
tion of spreading of radioactive substances. The NPP operation at power
is prohibited if there is a failed barrier that is specified in the plant design
or there is a failed equipment protecting this barrier.

Some general information about the physical barriers is given:

e availability of special safety systems based on the parallel trains perform-
ing the same function;
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e safety system ensures principles of independence, redundancy, physical
separation and accounting of every incident;

® high technical features of accident localization system to prevent the ra-
dioactive substance spreading into the environment;

e technological processes have a high level of control and automation in-
cluding an emergency management in the course of the most important
phase (first phase) without personnel involvement;

e safety ensuring provided external influence specific for plant under re-
view including nature and technical impact;

e safety ensuring in broad spectrum of initial events with a glance of postu-
lated failures, possible personnel errors and additional impacts;

e use of conservative approach to choose engineering solutions impacting
the safety;

e usage of measures and engineering solutions aimed at:

protection of accident localization system in case of design basis acci-
dent,

prevention of initial event transfer into design-basis accident,
consequences’ mitigation of the accidents if prevention had failed;

e ensuring of possibility to check and test the equipment and systems that
are important to safety to maintain them in working condition;

* arrangement of buffer area and radiation control area;

e quality assurance with a glance of requirements of relevant normative
documents.

According to SUNPP NON-TECHNICAL SUMMARY (2015), the system of technical
and organizational measures has five levels:

e Level 1: Creation of conditions preventing violation of normal operation;

e Level 2: Prevention of design-basis accidents using normal operation sys-
tem;

e Level 3: Prevention of accidents at safety systems;

e Level 4: Beyond design-basis accidents’ management;

e Level 5: Planning of measures on protection of personnel and popula-
tion.

Comprehensive (integrated) Safety Upgrade Program (C(I)SUP)

According to the SUNPP NON-TECHNICAL SUMMARY (2015) the “Comprehensive
(integrated) Safety Upgrade Program for Power Units of Ukraine Nuclear Power
Plants” (C(1)SUP) is elaborated in accordance with Ukraine’s President Executive
Order No.585/2011 dated 12/05/2011 on putting into effect the “Decision made
by the Ukraine’s National Security and Defense Council of April 8, 2011, Con-
cerning safety enhancement of Ukrainian Nuclear Power Plants”.
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The objective of this program is to:

e Enhance safety and reliability of nuclear power plants;

e Reduce plant accident risks in the event of natural disasters or any other
extreme hazard;

e Improve the effectiveness of DBA and BDBA management and to mini-
mize these accidents consequences.

The authors of the C(I)SUP are the Public company “Kyiv Scientific & Research
and Design Institute “EnergoProjekt” and Public Limited Company “Kharkiv Sci-
entific & Research and Design Institute “EnergoProekt”. To ensure compliance
of the C(I)SUP with the environmental protection and environmental safety re-
quirements, an Environmental Assessment (EA) has been performed.

Stress Tests

The SUNPP NON-TECHNICAL SUMMARY (2015) mentioned the EU Stress Tests:
Following the accident at the Fukushima Daiichi Unit 1 in Japan, the European
Council on 24 March 2011 decided that a comprehensive safety and risk assess-
ment will be conducted for all EU nuclear plants. The European Nuclear Safety
Regulators Group (ENSREG) and the European Commission achieved consensus
on the stress test specifications. The objective of the stress tests was to assess
in detail extreme natural hazards and their combinations to prevent severe acci-
dents resulting from their impact upon plant safety functions.

The Regulatory Authority of Ukraine in collaboration with the State Inspectorate
for Safety under man-induced accidents and NNEGC “Energoatom” has elabo-
rated an action plan for a special-purpose out-of-time safety assessment and
further safety enhancement of Ukraine Power Units considering lessons learned
from the Fukushima-1 disaster. Pursuant to this Plan a special-purpose out-of-
time safety assessment was performed at all Ukrainian operating power units.
The stress-test results are depicted in a National Report of Ukraine prepared by
the Regulatory Authority.
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4.2 Discussion

The provided EIA documents provide information about Design Basis Accidents
including the scenarios, the releases and the consequences. However, the infor-
mation about Beyond Design Basis Accidents are very limited. Neither the sce-
narios nor the possible source terms are provided.

According to SNRIU (2016), the Safety Analysis Reports (SAR), its review and as-
sessment which were conducted by SNRIU allow the following conclusions:

e the units are operated safely with an acceptable risk level. The SAR re-
ports prove that the requirements for reactor safety imposed by the de-
sign, scientific and technical documentation and international practices
are adequately fulfilled;

e the operator has analysed deviations from current regulatory require-
ments and has identified appropriate compensatory actions to allow op-
eration of power units within design limits without their shutdown for
eliminating the deviations;

e implementation of safety improvements has already resulted in decrease
in CDF and LERF for all NPP units.

The above-mentioned conclusion of the SNRIU (power units are operated safely
with an acceptable level of risk) cannot be agreed with on the basis of the avail-
able information.

According to SNRIU (2016), the C(I)SIP was complemented with a series of
measures to ensure fuel heat removal during severe accidents (measures for
steam generator and spent fuel pool makeup, operability of essential service
water system in case of water discharge in spray pools) and emergency power
supply using mobile diesel generators in SBO conditions. The C(I)SIP also in-
cludes measures on qualification for harsh environments of components that
may be involved in severe accident management strategies for primary system
makeup under loss of power and/or ultimate heat sink, corium retention in the
reactor pressure vessel, etc. In total, Energoatom shall implement 101 new
measures aimed at preventing accidents similar to the accidents at all units of
the Fukushima Daiichi NPP. On top of this the operator shall perform 93 new
fire protection measures based on requirements imposed after the Fukushima
Daiichi accident.

However, as described in chapter 7.2, the implementation of the measures is
still not finished. Furthermore, and even more importantly state of the art
safety standard such as “design extension condition” are still not envisaged.
Thus, even after the implementation of all measures there will remain a consid-
erable gap between the safety level agreed in Europe and the safety level of the
SUNPP.
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Accident Analyses

The “Safety Objectives for New Power Reactors” published by the reactor har-
monization working group (RHWG) Western European Nuclear Regulator's Asso-
ciation (WENRA) can be seen as the state of the art. These safety objectives, for-
mulated in a qualitative manner to drive design enhancements for new plants,
should be also “used as a reference for identifying reasonably practicable safety
improvements for ‘existing plants in case of periodic safety reviews”. (WENRA
RHWG 2013)

The most ambitious safety objective is to reduce potential radioactive releases
to the environment from accidents with core melt. (Safety objective O3) Acci-
dents with core melt which would lead to early releases without enough time to
implement off-site emergency measures or large releases which would require
protective measures for the public that could not be limited in area or time have
to be practically eliminated. Even if the probability of an accident sequence is
very low, any additional reasonably practicable design features, operational
measures or accident management procedures to lower the risk further should
be implemented. (WENRA RHWG 2013)

Although a continuous effort to increase the scope of the severe accidents that
have been taken into consideration and to reduce their off-site consequences
was undertaken, a further reduction of the potential radiological consequences
is an important goal for new and operating NPPs. In that context, the concept of
“practical elimination” of early or large releases is defined. Occurrence of certain
severe accident conditions can be considered as practically eliminated “if it is
physically impossible for the conditions to occur or if the conditions can be consid-
ered with a high degree of confidence to be extremely unlikely to arise”.

The concept of “extremely unlikely with a high degree of confidence” constitutes
an essential element of the concept of “practical elimination”, as defined by the
IAEA. The demonstration that an accident is extremely unlikely with a high de-
gree of confidence should take account of the assessed frequency of the condi-
tion and of the degree of confidence in the assessed frequency. The uncertain-
ties associated with the data and methods should be evaluated, including the
use of sensitivity studies to support the degree of confidence claimed. The
demonstration should not solely be based on the compliance with a general
cut-off probabilistic value.

Although probabilistic targets can be set, ‘practical elimination’ cannot be
demonstrated by showing the compliance with a general probabilistic value. No
probabilistic value can be accepted as a justification for not implementing rea-
sonable design or operational measures. The “practical elimination” can be
demonstrated by deterministic and/or probabilistic considerations, taking into
account the uncertainties due to the limited knowledge of some physical phe-
nomena. The low probability of occurrence of an accident with core melt is not
a reason for not protecting the containment against the conditions generated
by such accident.

The accident sequences that have a potential to lead to early or large releases
involve both severe damage of the reactor core and the loss of the containment
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integrity or containment by-pass. The consideration of severe accidents should
be aimed at practically eliminating the following conditions (IAEA 2016b):

e “Severe accident conditions that could damage the containment in an early
phase as a result of direct containment heating, some steam explosions or
large hydrogen detonation;

e Severe accident conditions that could damage the containment in a late
phase as a result of basemat melt-through or containment excessive pres-
sure;

e Severe accident conditions with an open containment - notably in shutdown
states;

e  Severe accident conditions with containment bypass, such as conditions relat-
ing to the rupture of a SG tube or an interfacing system LOCA”.

Containment integrity

According to ENSREG (2015), maintaining containment integrity under severe
accident conditions remains an important issue for accident management. Fil-
tered containment venting is a well-known approach to prevent containment
overpressure failure in most light water reactor (LWR) and has already been im-
plemented in several countries. It is not implemented at unit 3 of the SUNPP.

There are different approaches for cooling and stabilizing molten core available,
but not for the VVER-1000 units so fare. In the framework of the stress tests a
strategy for possible corium confinement within the reactor pressure vessel has
to be analyzed by 2023. The deadline for the results was postponed from 2015.
It is not known whether there will be any result.

The EIA documents should explain how the safety issues that endangered the
containment integrity (containment bypass scenarios, cliff-edge effects in shut-
down states) are solved. As far as can be seen from the documentation pro-
vided and available, there is still a high probability that accident scenarios will
develop into a severe accident that threatens the integrity of the containment
and results in a large release.

Stress Tests

In June 2011, Ukraine joined the European initiative of conducting stress tests at
nuclear power plants in EU member states and neighbouring countries. The
stress tests were performed at Ukrainian NPPs in compliance with the stress
test specifications agreed by the European Commission (EC) and ENSREG. The
State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) submitted the Na-
tional Report developed in line with ENSREG recommendations to the EU Stress
Test Secretariat on 30 December 2011.

The peer review country report for Ukraine concluded that the National Report
of Ukraine complied with the ENSREG specifications, provided sufficient infor-
mation to understand the design basis for external natural events, and identi-
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fied adequate measures to compensate for safety deficiencies revealed. In addi-
tion, it was pointed out that previously planned NPP safety improvements
should be completed.

In order to monitor the implementation of safety improvements at Ukrainian
NPPs identified in the stress test and peer review processes, the SNRIU Board
convened on 20 November 2012 to hold an open meeting. The SNRIU Board
identified additional safety improvements related to severe accident manage-
ment taking account the peer review recommendations.

The National Action Plan (NAcP) was developed at the beginning of 2013 to im-
plement the recommendations from the Stress Test peer review for the Ukrain-
ian NPPs. The National Action Plan is being revised and updated by the SNRIU
on a permanent basis. For this purpose, the information set forth in the NAcP
was updated in 2015, 2017 and 2020. (SNRIU 2020a)

The Ukrainian NAcP of 2013 listed 32 measures. A new measure (No. 33: Imple-
mentation of a Reactor Pressure Vessel External Cooling System for the VVER
440 reactors) was added to the NAcP in 2020. (SNRIU 2020a)

A number of measures were defined before the Fukushima event and are sub-
ject to the on-going “Comprehensive (Integrated) Safety Improvement Program
for Ukrainian NPPs" (C(I)SIP). (See also chapter 7.2) Measures identified from the
lessons of the Fukushima accident and of the ENSREG stress tests review have
been incorporated into the C(I)SIP. The program was extended by the Cabinet of
Ministers of Ukraine in 2019 until 2023 because of delays in obtaining the
EBRD/Euratom loan for partial funding of C(I)SIP, difficulties in tenders for
equipment purchase and expansion of the program with post-Fukushima
measures. (SNRIU 2020a)

Taking into account the current situation and the relationship between
measures under the NAcP and C(I)SIP, timeframes for a number of measures in
the Updated NAcP were extended. In 2013, the envisaged end of implementa-
tion was December 2017. (SNRIU 2013) The currently envisaged end of imple-
mentation is 2024. (SNRIU 2020a)

The evaluation of the Ukrainian NPPs in the light of the Fukushima accident and
in accordance with the ENSREG stress tests specification has revealed a number
of serious shortcomings.

The stress tests revealed that in case of Station Blackout (SBO) reliable
measures to prevent core damage do not exist. In case of loss of all power sup-
ply (SBO) the time span for operator actions to prevent core damage is only 3.5
to 4 hours.* The time available until the fuel stored at the Spent Fuel Pool (SFP)
heats up and reaches temperatures above the design limits is 6.5 hours for unit
1 and 2, and 7.5 hours for unit 3.

4 The modernisation of Instrumentation and Control (1&C) and DC-power supply was planned
within the C(1)SP, which increases the discharge time of batteries (1 hour to 8 hours) and
thus prolongs the coping times.
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Based on the stress test results, approaches were developed for alternative
cooling and heat removal. Measures have been developed to use mobile diesel
generators and pumping units (MDGPUs) for alternative emergency power sup-
ply, makeup of steam generator (SGs) and spent fuel pools (SFPs) and emer-
gency water supply to safety relevant critical equipment. The following
measures are completed:

e Improvement of the emergency power supply in long-term loss of power
(for units 1+2)

e Measures to ensure SG makeup from mobile pumping units (MDGPUs) in
case of long-term Station Blackout (SBO)

® Measures to ensure SFP makeup from mobile pumping units (MDGPUs)
in case of long-term Station Blackout (SBO)

e Improvement of the functionality of safety relevant equipment fed from
the service water system

e  Provision of instrumentation during and after accidents (accident and
post-accident monitoring system) for unit 1

e Development and Implementation of symptom-oriented emergency op-
erating procedures (EOPs) for management of design-basis and beyond
design-basis accidents in low power and shutdown states.

e Replacement of self-contained air conditioners by those qualified for
harsh environments and seismic impacts

The implementation of the following measures is still on-going:

e Improvement of the emergency power supply in long-term loss of power
(for units 3)

e Detailed analyses of primary system makeup in case of loss of power
and/or ultimate heat sink.

e Provision of instrumentation during and after accidents (accident and
post-accident monitoring system) (for unit 2 and 3)

The stress tests revealed that for severe accidents neither hardware provisions
(e.g. for prevention of hydrogen explosions) nor Severe Accident Management
Guidelines (SAMGs) had been implemented. Meanwhile SAMGs (including low
power and shutdown states, and accidents in the spent fuel pools) were devel-
oped. Furthermore, the following measures were completed since 2011:

e Prevention of early containment bypassing in case of molten corium
spread to the containment.

e Containment hydrogen control systems for beyond design-basis acci-
dents were implemented.

e Development and implementation of hydrogen mitigation measures for
beyond design-basis accidents)
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e Implementation of a containment venting system for unit 1 and 2°

The implementation program of the important measures is still on-going:

e Implementation of a containment venting system for unit 3

Furthermore, the following analysis should be performed, the time schedules
for necessary back-fitting are not mentioned:

e Analysis of the strategy for possible corium confinement within the reac-
tor pressure vessel (Deadline 2023) (postponed from 2015)

e Analysis of the need and possibility to qualify power unit components
that may be involved in severe accident management for harsh environ-
ments is ongoing (Deadline 2021) (postponed from 2015)

e Detailed analysis and development of conceptual solutions on manage-
ment with large volumes of contaminated water is ongoing (Deadline
2022) (postponed from 2016)

e Analysis of severe accident phenomena based on available experimental
data and improvement of computer models is planned (Deadline 2024)
(postponed from 2017)

Clearly the next several years will be the prolongation of the status quo: No ap-
propriate measures are in place to prevent core melt accident and in case of a
core melt accident no measures are available to prevent large releases.

Source Term for BDBAs

According to the SUNPP NON-TECHNICAL SUMMARY(2015), an analysis of se-
vere beyond design accidents as a part of the safety analysis in the Comprehen-
sive (integrated) Safety Upgrade Program” (C(1)SUP) were conducted. However,
the provided EIA documents do not contain. the source term of the Beyond De-
sign Basis Accidents (BDBAs) for any SUNPP unit.

Even though the probability of severe accidents with an early and/or large re-
lease for existing plants is estimated to be very small, the consequences caused
by these accidents are huge. The accident analyses in the EIA Report should use
a possible source term derived by the calculation of the current PSA 2.

Emergency shutdown at SUNPP unit 3 and fuel issues

Unit 3 at the South Ukraine NPP underwent an emergency shutdown on 27 No-
vember 2016. While the cause of the scram was not revealed, Russian experts

5 In September 2018, a first-of-a-kind installation of a containment filtered venting system for
VVER-1000 reactors in Ukraine was completed at South Ukraine 1 and 2. The containment
filtered venting system (CFVS) is a dry filtration method that acts as the last barrier for
minimising release of radioactive material to the environment should all other systems fail.
It is designed and delivered by Westinghouse to protect the containment and facility
simultaneously, by depressurising the containment to prevent it from ultimate failure in
slow over-pressurisation scenarios. (NEI 2019a)
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noted that unit 3 was one of the Ukrainian reactors currently using Westing-
house-manufactured nuclear fuel and that the unit had a long history of prob-
lems resulting from this.

The first six fuel assemblies were delivered to the South Ukraine NPP in 2005
“as humanitarian aid, free of charge”. The assemblies were placed into the core
of the VVER-1000 reactor together with Russian fuel for a period of “pilot opera-
tion”. They were the test assemblies for a larger batch of 42 expected for deliv-
ery in 2009. However, Energoatom complained about the quality of the US fuel,
and after prolonged negotiations Westinghouse agreed to improve the first six
assemblies. DOE announced in 2007 that it would supply the announced 42,
which would be manufactured at the Westinghouse facility in Sweden, and a
commercial deal was agreed in 2008 for Westinghouse to supply 630 assem-
blies for three units at South Ukraine.

However, in late June 2012 Energoatom reported technical problems at South
Ukraine units 2 and 3, where the assemblies were on test after a routine inspec-
tion revealed that they had suffered structural damage. They were removed
and replaced with Russian-made fuel assemblies. Westinghouse submitted a
proposal to Ukrainian State Nuclear Regulatory Inspectorate (SNRI) to redesign
the assembilies, but inspectors later found further defects and SNRI reacted by
banning the use of Westinghouse assemblies pending a damage assessment in-
vestigation.

With the regime change in Kiev, however, Ukraine in April 2014 renewed the
2008 contract with Westinghouse. The contract was extended to 2020 with the
aim of replacing 25% of the Russian fuel. Westinghouse fuel was reloaded into
South Ukraine unit 3 in 2015 with plans to extend its use to other reactors. (NEI
2016a)

4.3 Conclusions, questions and preliminary
recommendations

The provided EIA documents give information about Design Basis Accidents
(DBA) including the scenarios, the releases and the consequences. The infor-
mation about Beyond Design Basis Accidents (BDBA), however, is very limited.
Neither the scenarios nor the possible source terms are provided.

In order to assess the consequences of BDBAs, it is necessary to analyse a range
of severe accidents, including those with containment failure and containment
bypass. These kinds of severe accidents are possible for the VVER-1000 reactor
type. A systematic analysis of BDBAs is missing in the provided EIA documents.

The accident analyses in the EIA documents should use a possible source term
derived from the calculation of the current probabilistic safety analyses (PSA) 2.
Even though the calculated probability of severe accidents with a large release
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is very low, the consequences caused by these accidents are potentially enor-
mous.

The conclusion of SNRIU that the units are operating safely with an acceptable
level of risk cannot be agreed on the basis of the available information.

According to ENSREG (2015), maintaining containment integrity under severe
accident conditions remains an important issue for accident management. Fil-
tered containment venting is a well-known approach to prevent containment
overpressure failure, but it is not implemented at unit 3 of the SUNPP yet. Fur-
thermore, there is no system for cooling and stabilizing a molten core for the
SUNPP available. In the framework of the Stress Tests a strategy for possible co-
rium confinement within the reactor pressure vessel has to be analyzed by
2023. The deadline was postponed from 2015. It is not known whether there
will be any result, which would lead to the implementation of an appropriate
measure.

The conclusion is clear: the next years will be the prolongation of the status
quo: An accident, for example triggered by an external event, can resultin a se-
vere accident, but at the same time the plant and the staff will not be able to
cope with these accidents. This might result in very serious consequences:
Large radioactive releases.

The EIA documents should explain how the safety issues that endangered the
containment integrity will be solved. As far as can be seen from the documents
provided and available, there is still a high probability that accident scenarios
will develop into a severe accident that threatens the integrity of the contain-
ment and results in a large release.

The results of the EU Stress Tests have revealed a lot of shortcomings of the se-
vere accident management (SAM) (i.e. the prevention of severe accidents and
the mitigation of its consequences) at the Ukrainian NPPs. Comprehensive im-
provements are required by the regulator; however, further improvements are
recommended by the ENSREG peer review team. This is one example for the
gap between the Ukraine and the EU safety standards and requirements. The
Stress Tests showed that after decades of safety programs, Ukrainian reactors
continue posing exceptionally high risk. One characteristic of nuclear safety in
the Ukraine: the constant severe delay of the implementation of upgrading
measures.

Furthermore, and even more importantly, state of the art safety standards like
consideration of “design extension condition” are still not envisaged. Thus, even
after the implementation of all measures there will remain a considerable gap
between the safety level agreed in Europe and the safety level of the SUNPP.

It is also state of the art to use the WENRA “Safety Objectives for New Power Re-
actors” as a reference for identifying reasonably practicable safety improve-
ments. However, the EIA documents do not mention this WENRA safety objec-
tives. According to the WENRA safety objective core melt accidents which would
lead to early or large releases would have to be practically eliminated. Even if
the probability of an accident sequence is very low any additional reasonably
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practicable design features, operational measures or accident management
procedures to lower the risk further should be implemented for the SUNPP.

4.3.1

Questions:

Q 22: What are the source terms of the possible BDBAs calculated in the prob-
abilistic safety analyses (PSA) 2 including releases from the spent fuel pools?

Q 23: What is the currently valid time schedule for the implementation of all
required SAM features for SUNPP? When will the implementation of all C(1)SIP
measures be finished?

Q 24: What are the parameters of the maximum aircraft crash (plane mass
and speed) the buildings of SUNPP can withstand?

Q 25: What is the source term and the accident scenario of the BDBA that is
chosen to calculate possible trans-boundary consequences? What is the tech-
nical justification for the use of this BDBA?

Q 26: Which design basis accidents can develop into a beyond design basis
accident?

Q 27: Which accidents scenarios with the loss of containment integrity or con-
tainment bypass are physical possible for the units of the SUNPP?

Q 28: Which additional measures are envisaged to avoid large releases in
case of an accident?

Q 29: How is the situation of the fuel issue at the SUNPP? Was the emergency
shut down on the 27 November 2016 of unit 3 related to fuel problems? Are
the units still using Westinghouse fuel? Have calculation been made to assess
possible consequences for the structural degradation of the fuel? Can this
degradation prevent the insertion of the control rods?

4.3.2 Preliminary Recommendations:

e PR9:Itisrecommended to use the WENRA Safety Objectives for new NPP

to identify reasonably practicable safety improvements for the SUNPP. It is
recommended to use the concept of practical elimination for this ap-
proach.

PR 10: It is recommended to provide the following information concerning
accident analyses and the results of the PSA (Level 1, 2 und 3):

a) Core damage frequency (CDF) and large (early) releases frequency
(L(E)RF)

b) Contribution of internal events as well as internal and external hazards
to CDF and L(E)RF

c) List of the beyond design basis accidents (BDBAs)

d) Source terms of all possible BDBAs including releases from the spent
fuel pools

e) Time spans to restore the safety functions after the loss of heat re-
moval and/or station-blackout and cliff edge effects.
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5 ACCIDENTS DUE TO EXTERNAL HAZARDS

5.1 Treatment in the EIA documents

The EIA documents available to the experts contain very little and mostly gen-
eral information about site characteristics, site-specific hazards and the protec-
tion of the SUNPP against external hazards.

The experts have access only to the chapter “Transboundary impacts of SUNPP in
standard operation and in emergency situations within the requirements of the Es-
poo Convention” of the SUNPP EIA REPORT (2015). Chapters potentially dealing
with accidents resulting from external hazards are not included in this docu-
ment which was made available. The cited document states that the decision on
the lifetime extension of SUNPP is based on the results of the periodical safety
re-assessment reflected in the Periodical Safety Re-Assessment Report (PSRAR)
and on the positive conclusion of the Ukrainian Regulatory Authority for Nuclear
and Radiation Safety (p. 5 of the cited document). The PSRAR is said to include a
dedicated report on hazard analysis (chapter SF-7 Internal and external hazard
analysis; cited in SUNPP NON-TECHNICAL SUMMARY 2015 p. 7).

SUNPP NON-TECHNICAL SUMMARY (2015) claims that possible consequences of
all different types of design basis and beyond design basis accidents do not vio-
late “effective regulations for accidental releases” beyond a “buffer area”. The docu-
ment further concludes that “in case of SUNPP power units lifetime extension the
transboundary impacts potentially requiring a response are excluded” (p. 74).

The limited information on natural hazards provided by the EIA documents is
summarized in the following paragraphs.

Seismic hazards

According to REPORT CONSULTATIONS (2018, p. 44) seismic hazards were ana-
lysed based on the following data:

e data of earthquake activity in the Ukraine collected through “long-term
observations”;

e analysis of data from the plant’s seismic monitoring network;
e data on geodynamics, tectonics, geology and engineering;

® seismic microzoning of the territory.

With respect to seismotectonic hazards the SUNPP NON-TECHNICAL SUMMARY
(2015) claims that neotectonic, geodynamic and seismic impacts do not cause
any problems for SUNPP’s operation (p. 73). Potential threats arising from active
faults are excluded by inferring that no fault moved in the last 10.000 to 20.000
years (p. 29).
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Flooding

SUNPP is located on the shore of the reservoir lake of the Oleksandrivka Hydro-
power Plant (Oleksandrivka HPP) and next to the Pivdennyi Buh River (SUNPP
NON-TECHNICAL SUMMARY 2015, p. 41-42). The Summary concluded that river
floods may be unlikely. The report, however, discusses negative effects on the
reservoir such as suspended particles and sediment accumulation in the reser-
voir lake. Rising water levels of the Tashlyk and Oleksandrivka water storages
are not expected to have adverse effects on the SUNPP (p. 73).

Meteorological hazards

SUNPP NON-TECHNICAL SUMMARY (2015, p. 28) notes that the area around
SUNPP is subjected to significant temperature increases as indicated by an aver-
age temperature increase for about 2°C over the past 30 years.

5.2 Discussion

The documents available to the experts do not contain a systematic assessment
of natural hazards. The mention of natural hazards is limited to seismic hazards
(e.g., REPORT CONSULTATIONS 2018, p. 44), river floods (TECHNICAL SUMMARY
2015, p. 41-42) and temperature rise (SUNPP NON-TECHNICAL SUMMARY 2015,
p. 28). The submitted documents lack information on the types of hazards or
hazard combinations which are relevant to the SUNPP site and the severity of
hazards, the definition of adequate design basis events as well as the protection
of SUNPP against natural hazards. EIA documents should provide information
on external flooding caused by river floods, all types of extreme meteorological
phenomena and possible hazard combinations.

The conclusion that possible consequences of all types of design basis and be-
yond design basis accidents will not violate effective regulations for accidental
releases beyond a “buffer area” and that “transboundary impacts potentially re-
quiring a response” are excluded (SUNPP NON-TECHNICAL SUMMARY 2015, p.
74) is not demonstrated for any external hazard by comparing hazard levels, de-
sign basis values and proving adequate protection of SSCs important to safety.

It is not clear whether or to what extent site-specific natural hazards were dealt
with as part of Periodic Safety Reviews (PSRs), the Periodical Safety Re-Assess-
ment Report (PSRAR) or as part of the LTO project. WENRA (2021) requires a
regular review of possible effects of natural hazards at least as part of the PSAs
which are carried out a time interval of ten years (WENRA 2021, Issue P; WENRA,
The results of the review should, if necessary, lead to the update of the design
basis and be included in the assessment of beyond-design basis accidents (DEC
analysis; WENRA 2015, 2021). However, it is not clear from the available docu-
ments whether this process was carried out for the effects of natural hazards as
part of the PSRs and/or the LTO project.
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Seismic hazards

Information from the EU Stress Tests (ENSREG 2012) indicates that SUNPP was
originally designed for a DBE with exceedance probability of 10 per year (called
Maximum Calculated Earthquake, MCE, in Ukrainian documents) of Intensity 1=6
on the MSK-64 intensity scale which corresponds to a peak ground acceleration
PGA=0.05g. Hazard reassessments carried out in 2009-2010 determined a new
value of PGA=0.093g due to the exposure of the SUNPP to the distant Vrancea
seismic source. ENSREG (2012) further indicates that only very small safety mar-
gins with respect to seismic loads were in place at the time of the Stress Tests
by stating the resistance of the primary coolant piping, the pressurizer surge
line and the reactor containment with PGA=0.1g. It is also mentioned that the
design level for SUNPP should be increased to 0.12g. Compliance with the up-
dated seismic design basis of PGA=0.12g was one of the conditions for the life-
time extension of SUNPP beyond 30 years. For the LTO the operator was re-
quired to fully implement measures to ensure robustness of equipment, piping,
buildings and structures required for the main safety functions to seismic im-
pacts of 0.12g (regulator's Resolution No. 13 of 24-25 November 2011). At this
point it is not known if the corresponding upgrading measures have been com-
pleted.

The update of the seismic design basis was initiated with a view to the seismic
hazard resulting from earthquakes in the Vrancea zone (Romania), about 300km
WSW of the SUNPP. The Vrancea zone is known for causing frequent and very
strong earthquakes (e.g., 1802, Mw=7.9; 1940, Mw=7.7; 1977, Mw=7.2). These
earthquakes have caused relatively strong ground shaking at even distant loca-
tions due to their large hypo-central depth of several hundred kilometres.

With respect to active faults in the area of SUNPP, SUNPP NON-TECHNICAL
SUMMARY (2015, p. 29) states that threats arising from active faults are ex-
cluded by inferring that no fault moved in the last 10.000 to 20.000 years. It
must be noted that the time interval 10.000 to 20.000 years is too short to ex-
clude active faulting in intraplate areas such as the Ukraine. IAEA (2010, 2015)
proposes to consider much longer periods, e.g. Pliocene - Quaternary to pre-
sent, to define a fault as active (capable) or inactive.

Flooding

The lack of information in the EIA documents does not allow a discussion of po-
tential flooding hazards. It is unknown if flooding hazards were analysed in ac-
cordance with IAEA (2011) and WENRA (2015; 2016b; 2021).

Extreme weather

Documents available to the experts do not contain information on regulatory
basis, safety requirements and protection of SUNPP against meteorological haz-
ards. The EU Stress Tests (ENSREG 2012) and documents available from the EIA
for the lifetime extension of the reactors Rivne 1&2 (EIA REPORT BOOK 1 2018)
suggest that international and national standards such as the RNiP (CHwIM)
building codes are used as design standards for the Ukrainian NPPs to ensure
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protection against wind, flooding by precipitation, snow loads etc. These codes
are much less stringent than IAEA guidelines (IAEA 2011) and the WENRA Safety
Reference Levels that require protection against design basis events with occur-
rence probabilities of 10 per year (WENRA, 2021).

The mentioning of a significant average temperature increase for about 2°C
over the last about 30 years (SUNPP NON-TECHNICAL SUMMARY 2015, p. 28) in-
dicates that the area around SUNPP is subjected to significant impacts of cli-
mate change. The EIA documents, however, provide no information if poten-
tially hazardous effects of climate change such as extreme temperatures of air
and cooling water have been analysed. WENRA (2016a) suggests considering ef-
fects of climate change in the assessment of meteorological hazards.

5.3 Conclusions, questions and preliminary
recommendations

Information on natural hazards that have potentially negative impacts on the
safety of the SUNPP is insufficient. The EIA documents do not contain adequate
information as to whether all natural hazards relevant to the site were taken
into account in the site assessment in the most recent periodic safety review
(PSR) or in the LTO project. It cannot be concluded from the EIA documents that
the three units of SUNPP are adequately protected from the effects of natural
hazards. Since Austria can be potentially affected by the consequences of acci-
dents caused by natural hazards, this fact is relevant in the ongoing EIA.

WENRA (2015, Chapter 7; 2021, Issue P, Reference Level P2.2 (g)) calls for a re-
view of the risk analysis for the NPP site for the PSR. It is unclear whether a
comprehensive assessment including the steps as required by WENRA (2015,
2021, Issues E, F, TU) has been performed:

e identification of site-specific natural hazards including combinations of
hazards,
e hazard assessment,

e definition of the design basis for the identified natural hazards and com-
binations of hazards on the basis of events with an average recurrence
interval of 10,000 years,

e development of a protection concept,

e analysis of the conditions for beyond design basis accidents.

For these steps, the team of experts recommends the use of a generic list of
natural hazards (e.g., WENRA 2015, Appendix 1) as a starting point for the iden-
tification of site-specific natural hazards and the identification of relevant com-
binations of hazards (DECKER & BRINKMAN 2017) in order to ensure that all rel-
evant hazards and combinations of hazards are taken into account.
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5.3.1 Questions:

® Q 30: Please provide access to the Periodical Safety Re-Assessment Report
(PSRAR), in particular to information on internal and external hazards (chapter
SF-7 Internal and external hazard analysis).

® Q 31: Were the original design bases with regard to natural hazards and the
protection systems against the effects of natural hazards systematically reas-
sessed as part of the EIA process and / or as part of the extension of the operat-
ing license (LTO) for SUNPP?

® Q 32: Do all of the design bases with regard to natural hazards conform to the
WENRA requirements to define design basis events for occurrence probabilities
of 10* per year?

e Q 33:Is adequate protection in place to conservatively ensure that all SSCs rel-
evant to safety withstand design basis events of natural hazards with occur-
rence probabilities of 10 per year?

® Q 34: Have new hazard analyses for natural hazards other than seismic been
carried out for SUNPP as part of the EIA process and / or as part of the exten-
sion of the operating license (LTO) and / or other projects?

e Q 35: If new hazard analyses were carried out: did they confirm the original de-
sign bases, or do the new analyses require retrofitting SSCs relevant to safety?

® Q 36: Has the upgrading of the seismic resistance of all SSCs important to
safety to the new DBE of PGA=0.12g as announced in the Stress Tests been
completed for SUNPP?

e Q 37: Which faults in the region around SUNPP have been analysed with re-
spect to active faulting, and what are the results of these investigations?

® Q 38: Please provide information on the results of seismic margin assessments
that were carried out to assure the robustness of equipment, piping, buildings
and structures important to safety. In particular:

What is the robustness of the containment (in PGA)?

What is the robustness of the piping of the primary cooling circuit and the
pressurizer surge line (in PGA)?

® Q 39: Is the hazard of external flooding, in particular river floods appropriately
taken into account in the definition of the design basis flood, i.e., by referring to
occurrence probabilities of 10 per year (average recurrence period of 10,000
years)?

® Q 40: EIA documents mention an increase of average temperatures for about
2°C over the last about 30 years. Has this finding been analysed further in the
context of climate change and with respect potentially hazardous effects of ex-
treme temperatures of air and cooling water?

Umweltbundesamt ® REP-0774, Vienna 2021 | 69



NPP South Ukraine Lifetime Extension EIA - Accidents due to external hazards

5.3.2 Preliminary Recommendations:

e PR 11: Whether all natural hazards relevant to the site were taken into ac-
count remains unclear in the site safety analysis, as required by WENRA
(2021) and further explained by WENRA (2015). The team of experts rec-
ommends using the “Non-Exhaustive List of Natural Hazards” (WENRA 2015)
as a starting point to ensure that all site-specific hazards affecting Doel 1 &
2 are taken into account.

® PR 12: Whether all hazard combinations were taken into accountin the as-
sessment of the site, as required by WENRA (2021) and further explained
by WENRA (2015) remains unclear. The team of experts recommends using
a hazard correlation diagram (e.g. DECKER & BRINKMAN 2017) as a starting
point to ensure that all relevant combinations are taken into account.

® PR 13: The team of experts recommends taking into account all combina-
tions of relevant processes that determine the height of river floods, such
as mismanagement of dams, dam break and waves when assessing the
risk of river flooding (WENRA 2016a).

® PR 14:The expert team recommends the selection of design basis parame-
ters from design basis events with occurrence probabilities of 10 per year
for all natural hazards that apply to the site and use the derived parame-
ters to develop adequate protection concepts.

® PR 15: The expert team recommends the application of the WENRA ap-
proach of analysing Design Extension Conditions (DEC) for natural hazards
and updates of the protection concepts against natural hazards. DEC are
not analysed in the available EIA document. This is in violation of the
WENRA requirement that DEC analysis shall be undertaken with the pur-
pose of further improving the safety of existing nuclear power plants and
enhancing their capability to withstand more challenging events or condi-
tions than those considered in the design basis.
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6 ACCIDENTS WITH THIRD PARTIES'
INVOLVEMENT

6.1 Treatmentin the EIA documents

Chapter 5 of the SUNPP NON-TECHNICAL SUMMARY(2015) deals with the “im-
pact on the anthropogenic environment” explaining the probability and poten-
tial risks of terrorist attacks have not been addressed in the reports on SUNPP
safety analysis.

The SUNPP NON-TECHNICAL SUMMARY (2015) also stated that the physical pro-
tection and monitoring system operate in such a manner that the likelihood for
the occurrence of such accidents was considered as being very low.

6.2 Discussion

Nuclear power plants are in general vulnerable to a broad spectrum of possible
attacks. Terrorist attacks or acts of sabotage on SUNPP may have significant im-
pacts. However, in the provided EIA documents malicious acts of third parties
against the SUNPP and their possible effects are not discussed. The REPORT
CONSULTATION (2018) confirmed that terrorist acts have not been addressed in
the PSR report. The physical protection system has been significantly strength-
ened after Russia’s aggressive actions in eastern Ukraine; it is considered being
effective to exclude the probability of a terrorist attack.

However, in comparable EIA procedures such events were addressed to some
extent. (UMWELTBUNDESAMT 2018)

The terror threat to nuclear power plants has received considerable public at-
tention in the last twenty years. This attention has - for obvious reasons - fo-
cused on the hazard of the deliberate crash of a large airliner.

After the 9/11 terrorist attack, the consequences of an intentional crash of a
commercial airplane were considered. For such a crash WENRA assumes that a
core melt can be avoided and would cause only a minor radiological impact as
defined in the Safety Objective O2 for new nuclear power plants. (WENRA
RHWG 2013)

No studies about the consequences of a deliberate aircraft crash against the
SUNPP are available. It is, however, possible to draw conclusions from the re-
sults of studies carried out in other countries e. g. Germany and general consid-
erations regarding the possible effects of such an aircraft crash. A generic study
commissioned by the German Federal Environment Ministry revealed that even
a small commercial aircraft (e.g. an Airbus A320) would cause major damage to
the reactor building with a wall thickness of 0.6 to 1 metres. (BMU 2002)
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Certain protective measures against terror attacks are conceivable. However,
their use appears to be rather limited. However, there are plant-specific differ-
ences, for example regarding vulnerability of spent fuel pools, robustness of the
reactor building. Because of the importance of this topic, and because of the ex-
isting variations between NPPs regarding vulnerability that give rise to the re-
quirement of plant-specific analyses, the issue of terror attacks and sabotage
should be considered in the further course of the environmental impact assess-
ment of the SUNPP.

Although precautions against terror attacks cannot be discussed in detail in the
EIA procedure for reasons of confidentiality, the necessary legal requirements
should be set out in the EIA documents.

Furthermore, additional attack scenarios demand attention: Experts voiced con-
cerns that cyber security has not been fully anticipated as indicated by the nu-
clear security index of the Nuclear Threat Initiative (NTI). Recent attacks against
banking and commercial systems, private companies, and national govern-
ments highlight the growing gap between the threat and the ability to respond
to or manage it. (NTI 2018)

SNRIU (2016) referred to the ongoing military actions in eastern Ukraine ex-
plaining that SNRIU together with the relevant ministries and continuously work
to strengthen the physical protection of nuclear installations. At present, availa-
ble law enforcement can ensure NPP protection against external actions, such
as military aggression, sabotage and terrorist acts, criminal assaults. In 2015, ex-
ercises were held at all NPPs to train actions in case of sabotage under different
situations. All special forces keeping guard at NPPs participated with relevant
rotation in the anti-terrorist operation to gain field experience for service. The
documents on protection of the most important facilities have been revised and
improved at all Ukrainian NPPs.

However, the assessment of the protection against sabotage recognized short-
comings compared to necessary requirements: The Nuclear Threat Initiative
(NTI) assess measures taken by countries to reduce the risk of sabotage. The
NTI Nuclear Security Index ranks countries based on a range of nuclear security
measures by analysing factors such as government policy and regulation. It
does not conduct direct observations of security measures at individual sites.

The 2020 NTI Index assesses nuclear security conditions related to the protec-
tion of nuclear facilities against acts of sabotage. This ranking includes 47 coun-
tries where an act of sabotage against a nuclear facility could result in a signifi-
cant radiological release similar in scale to the release in Japan in 2011 when a
tsunami hit the Fukushima Daiichi Nuclear Power Plant. (NTI 2020)

In the NTI Index scores of 100 represent the highest possible score. Ukraine
with a total score of 65 points only ranked 29 out of 47 countries, which indi-
cates a low protection level. Table 6 shows some details about the NTI Index for
Ukraine.
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Scores Scores

1) NUMBER OF SITES 60
2) SECURITY AND CONTROL MEASURES 66
2.1) On-site Physical Protection 60

2.2) Control and Accounting Procedures 75

2.3) Insider Threat Prevention 45

2.4) Response Capabilities 88

2.5) Cybersecurity 50

3) GLOBAL NORMS 94
4) DOMESTIC COMMITMENTS AND CAPACITY 78
5) RISK ENVIRONMENT 14
5.1) Political Stability 10

5.2) Effective Governance 13

5.3) Pervasiveness of Corruption 0

5.4) Group(s) Interested in Committing Acts of Nuclear Ter- 35

rorism

Overall score 65

It has to be pointed out that the low scores for “Insider Threat Prevention” and
“Cybersecurity” indicate deficiencies in these issues.®

Furthermore, the score for section “Risk Environment” is very low, in particular
because of the shortcomings in “Political Stability”, “Pervasiveness of Corrup-
tion” and “Effective Governance”. In addition, the presence of “Group(s) Inter-
ested in Committing Acts of Nuclear Terrorism” raises the risk of sabotage of

nuclear facilities.

Physical protection

The IAEA plays a key role in helping states protect their civilian nuclear materials
and facilities. It supports States by undertaking and organizing advisory security
assessment and peer-review missions through its International Physical Pro-
tection Advisory Service (IPPAS). An IPPAS mission is an assessment of the ex-
isting practices in a state, in the light of relevant international instruments and
IAEA nuclear security publications, and an exchange of experience and accepted
international practices aimed at strengthening the nuclear security organiza-
tion, procedures and practices being followed by a State. (IAEA 2014) To date,
no International Physical Protection Advisory Service (IPPAS) has been con-

ducted in Ukraine. (IAEA 2021)

5 The lack of cybersecurity is confirmed by the following: In March 2018, Ukrainian police
opened a criminal case on the fact of unauthorized intervention in work of computer

networks Zaporizhzhya NPP. (WN 2019)
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6.3 Conclusions, questions and preliminary
recommendations

Terrorist attacks and acts of sabotage can have significant impacts on nuclear
facilities and cause severe accidents - also on the South Ukraine NPP. Neverthe-
less, they are not discussed in the EIA documents for the SUNPP. In comparable
EIA Reports such events were addressed to some extent.

Even if the current physical protection system that was increased significantly
after Russia’s aggressive actions in eastern Ukraine and the probability of terror
acts and sabotage is considered being low, this kind of attacks are possible.

Although precautions against sabotage and terror attacks cannot be discussed
in detail in the EIA procedure for reasons of confidentiality, the necessary legal
requirements should be set out in the EIA documents.

Information regarding the issue of terror attacks would be of great interest,
considering the large consequences of potential attacks. In particular, the EIA
documents should include detailed information on the requirements for the de-
sign against the targeted crash of a commercial aircraft. This topic is of particu-
lar importance because the reactor buildings of all South Ukraine units are vul-
nerable against airplane crashes.

A recent assessment of the nuclear security in Ukraine points to shortcomings
compared to necessary requirements for nuclear security: The 2020 NTI Index
assesses nuclear security conditions related to the protection of nuclear facili-
ties against acts of sabotage. With a total score of 65 out of 100 points, Ukraine
ranked only 29 out of 47 countries, which indicates a low protection level. It has
to be pointed out that the low scores for “Insider Threat Prevention” and “Cyber-
security” indicate deficiencies in these issues. It is recommended to invite the In-
ternational Physical Protection Advisory Service (IPPAS) of the IAEA that assisted
states, in strengthening their national nuclear security regimes, systems and
measures.

6.3.1 Questions:

® Q 41: What are the requirements with respect to the NPP design against the de-
liberate crash of a commercial aircraft?

® Q 42: Against which external attacks must the reactor building, and other
safety relevant buildings be designed? Is this protection still guaranteed despite
adverse ageing effects?

® Q43:Is a peer-review mission of the IAEA International Physical Protection Ad-
visory Service (IPPAS) planned?
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6.3.2 Preliminary Recommendations:

e PR 16: The EIA Report should present the general requirements with re-
spect to the protection against the deliberate crash of a commercial air-
craft and other terror attacks and acts of sabotage.

e PR 17: In light of the special situation in Ukraine, the effects of third par-
ties (terrorist attacks or acts of sabotage of the plant) should be given
high priority. Protection against cyber-attacks and the threat of insiders
should be improved. The IAEA's International Physical Protection Advi-
sory Service (IPPAS) should be used to improve the security.
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7 TRANS-BOUNDARY IMPACTS

7.1 Treatment in the EIA documents

According to the EIA documents, no non-acceptable negative trans-boundary
impacts could be identified:

“This analysis shows that currently no reasons to be concerned about possible
SUNPP negative impact on the neighbouring countries in case of any accident
scenario, as well as assumptions for such concern in future can be identified.”
(SUNPP NON-TECHNICAL SUMMARY 2015, p. 74)

7.2 Discussion

As already discussed in chapter 8 of this expert statement, in order to assess
the consequences of BDBAs, it is necessary to analyse a range of severe acci-
dents, including those with containment failure and containment bypass. These
kinds of severe accidents are possible for the VVER-1000 reactor type. A system-
atic analysis of BDBAs is missing in the provided EIA documents.

The project flexRISK made an assessment of source terms and identified for
SUNPP a possible source term of 204.22 PBq Cs-137. (FLEXRISK 2013) This source
term is calculated with respect to the behavior of the plant in case of a severe
accident and the possible release.

Calculations of the flexRISK project can be used for the estimation of possible
impacts of trans-boundary emission of SUNPP. The flexRISK project modelled
the geographical distribution of severe accident risk arising from nuclear power
plants in Europe. Using source terms and accident frequencies as input, the
large-scale dispersion of radionuclides in the atmosphere was simulated for
more than 2,000 meteorological situations.

Figure 4 illustrates the average deposition of Cs-137 after a severe accident at
SUNPP 1 with the Cs-137 release of 204.22 PBq. Such an accident could result in
a considerable contamination of the Austrian territory; the average deposition
of Cs-137 in the simulation is up to 3,000 Bg/mz2.
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Figure 4: South Ukraine-1
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flexRISK determined the weather-related probability for a contamination of Aus-
trian territory with more than 5 kBq Cs-137/m? with 4.9% (see Figure 5). The
weather-related probability for a contamination above37 kBq Cs-137/m? is
1.68%, for more than 185 kBq Cs-137/m? 0.36%, respectively.

These probabilities might be low, but in Austria even lower contamination trig-
gers agricultural countermeasures. These measures include earlier harvesting,
closing of greenhouses and covering of plants, putting livestock into stables etc. A
catalogue of countermeasures for radiological crisis situations is used (BMLFUW
2014), which requires the introduction of agricultural protection measures even
in the case of low levels of contamination. This catalogue includes, among oth-
ers, measure AO7 ("Immediate harvesting of marketable products, in particular
of storable products") with its associated (forecast) levels:

Table 8: Levels for the agricultural countermeasures AO7 (BMLFUW 2014)

1-131 1-131 Cs-137 Cs-137
Bq*h/m3 Bg/m? Bq*h/m3 Bq/m?

Start of measure A07 170 700 350 650

A contamination of 5 kBq Cs-137/m?as shown in Figure 5 is much higher than
the level for the Cs-137 contamination in the above table, therefore agricultural
countermeasures could be necessary on Austrian territory in case of a severe
accident at the South Ukraine site.

To exclude the possibility of transboundary severe impacts, including the neces-
sity of agricultural countermeasures, dispersion calculations and dose calcula-
tions should be performed for distances up to Austria. Those figures need to be
put into relation to the Austrian levels from the catalogue of countermeasures
(BMLFUW 2014), but also the dose levels specified in the Austrian Emergency
Plan (BMK 2020). Also proof has to be provided that releases caused by acci-
dents are excluded; otherwise calculations with the highest possible source
term and under the assumption of the most negative weather condition for
Austrian territory are necessary.

7.3 Conclusions, questions and preliminary
recommendations

For SUNPP severe accidents scenarios including containment failure and con-
tainment bypass with releases considerably higher than assumed in the EIA
documents were not analysed but cannot be excluded. Such worst case acci-
dents should be included in the assessment since their effects can be wide-
spread and long-lasting and even countries not directly bordering Ukraine, like
Austria, can be affected.
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The project flexRISK conducted an assessment of source terms for such types of
severe accidents and identified for SUNPP a possible source term for Cs-137
(204.22 PBQ). This source term was determined in relation to the plant behav-
iour during a severe accident and the possible release.

The conclusion drawn in the EIA documents concerning trans-boundary effects
cannot be considered sufficiently proven because such worst case scenarios
have not been analysed. The results of the flexRISK project indicated that after a
severe accident, the average Cs-137 ground depositions in most areas of the
Austrian territory could exceed the threshold for agricultural intervention
measures (e. g. earlier harvesting, closing of greenhouses). Therefore, Austria
could be significantly affected by a severe accident at SUNPP.

7.31 Questions:

® Q44: Please provide the quantitative results of the calculated ground deposi-
tion of I-131 and Cs-137 for the distance to Austria.

7.3.2  Preliminary Recommendations:

e PR 18:Itis recommended to perform a dispersion calculation using a
source term that is based on specific severe accident analyses of the
SUNPP

Umweltbundesamt ® REP-0774, Vienna 2021 | 79



NPP South Ukraine Lifetime Extension EIA - Summary of questions and preliminary recommendations

8 SUMMARY OF QUESTIONS AND PRELIMINARY
RECOMMENDATIONS

8.1 Procedure and alternatives

8.1.1 Questions:

e Q 1: How long is the maximal foreseen lifetime extension of all SUNPP units?

® Q2: What are the further steps in the EIA procedure and in the licensing pro-
cedure?

®  Q 3: How will the results of the EIA be taken into account? Will the decisions
on lifetime extension of SUNPP 1-3 be revised according to the EIA results?

8.1.2 Preliminary Recommendations:

e PR 1: Ukraine should provide adequate information on the EIA procedure
and the further licensing procedure.

e PR 2: Alternatives of the lifetime extensions and the no-action alternative
should be assessed in the EIA documents.

e PR 3:Itisrecommended to enable public participation in environmental
assessments of nuclear projects according to the requirements of the Es-
poo Convention at a time when all options are still open, that is before a
decision is taken.

e PR4:ltis recommended not to issues the EIA decision until the deficien-
cies of the EIA have been solved.

8.2 Spent Fuel and radioactive waste

8.2.1 Questions:

® Q4: In the Non-technical summary it is mentioned that reprocessing of spent
fuel could also be done locally. Does Ukraine plan the construction of a repro-
cessing plant?

® Q5: What is the status of the final disposal for spent fuel?

e Q6:Isitplanned to use copper for the spent fuel canisters for a future final
repository, and if yes, how will the copper corrosion problem be solved?

e Q 7: What amounts and activities of LILW are expected to arise from lifetime
extension of SUNPP?

® Q8 Arethere enough capacities in interim and final storages for the LILW
from SUNPP lifetime extension?

® Q9: What is the status of the treatment facilities, interim and final storages
for radioactive waste?
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e Q 10: How can the safe storage of spent fuel and radioactive waste be en-
sured if the interim storages and final disposals will not be ready in time?

e Q 11: How much spent fuel from SUNPP will be sent to Russia for repro-
cessing in total?

8.2.2 Preliminary Recommendations:

* PR 5: To demonstrate the safe management of nuclear waste detailed in-
formation on the interim storages and final disposals should be provided;
also alternative nuclear waste management solutions, if these facilities will
not be operable in time.

8.3 Long-term operation of reactor type

8.3.1 Questions

e Q 12: What is the status of the LTO for the unit 3 of the South Ukraine NPP?

e Q 13: What is the time schedule for the necessary improvement of the ageing
management programme (AMP) based on the findings of the Topical Peer Re-
view (TPR) carried out in line with Article 8e of Directive 2014/87/EURATOM?

® Q 14: What are the specific findings of the ageing management programme
for SUNPP unit 1 to 3? Are there any differences between the units?

e Q 15: What are the results of Safety Factors (SF) 4 (structures, systems and
components ageing) of the last periodic safety review for unit 1 to 3? Are there
any differences between the units?

e Q 16: What are the results of the embrittlement of the reactor pressure ves-
sels (RPVs) for the units 1 to 3? Are there any differences between the units?

e Q 17:Is a systematic evaluation of the SUNPP design deviations from the cur-
rent international safety standards and requirements envisoged?

e Q 18: Why is the number of measures of the C(I)SIP for SUNPP unit 3 is higher
than for SUNPP units 1 and 2?

e Q 19: When will the WENRA RL be fully implemented in the Ukrainian regula-
tions? Will the application of the RL be binding?

®  Q 20: When will be reviewed whether the RL will be meet for the SUNPP?
® Q 21: Which WENRA Documents will be mandatory for lifetime extensions?

8.3.2 Preliminary Recommendations:

® PR6: Itisrecommended to implement all available design improvements
of VVER-1000 reactor for the SUNPP.
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e PR7:Itisrecommended to undertake a comparison of the design and
measures of the SUNPP with all requirements of SRL F. In case of devia-
tions will be found and accepted the reasons for this decision should be
explained.

® PR 8:Itis recommended to also provide the following further information:

a) adetailed description of the safety systems, including information on
requirements for the important safety-relevant systems and compo-
nents and a detailed description of the measures taken to control se-
vere accidents or to mitigate their consequences.

b) Information about the applied national requirements and international
recommendations.

c) comprehensible presentation and overall assessment of all deviations
from the current state of the art in science and technology. This
presentation should include:

All deviations from the modern requirements for redundancy, diver-
sity and independence of the safety levels.

Incompleteness of the database and plant documentation used.

Presentation of all safety assessments or parameter definitions by
personal expert assessments (“engineering judgement”).

Presentation of the general dealing of uncertainties and non-
knowledge and its effects on risk.

Deviations from the state of the art in science and technology with re-
gard to the detection methods used, the technical estimates and cal-
culation procedures.

The safety margins available for the individual safety-relevant compo-
nents and their respective ageing related changes compared to the
original condition.

d) Information to the ageing management program, the following issues
should be presented in the EIA documents:

The national action plan relating to the Topical Peer Review (TPR)
“Ageing Management” under the Nuclear Safety Directive
2014/87/EURATOM and its progress.

The very important safety issue of the ageing of the RPVs (embrittle-
ment), including definition and justification of appropriate safety mar-
gins.

Evaluation of the conditions of the RPV internals and head penetra-
tions including trends of events, and envisaged exchange measures.

Evaluation of the conditions of components of the primary circuit
components and of the electrical installations including trends of
events, and envisaged exchange measures.

e) Regarding operation experience, the EIA documents should present an
evaluation of safety relevant events including the lessons learned.
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8.4 Accident analysis

8.4.1 Questions:

e Q 22: What are the source terms of the possible BDBAs calculated in the prob-
abilistic safety analyses (PSA) 2 including releases from the spent fuel pools?

® Q 23: What is the currently valid time schedule for the implementation of all
required SAM features for SUNPP? When will the implementation of all C(I)SIP
measures be finished?

®  Q 24: What are the parameters of the maximum aircraft crash (plane mass
and speed) the buildings of SUNPP can withstand?

® Q 25: What is the source term and the accident scenario of the BDBA that is
chosen to calculate possible trans-boundary consequences? What is the tech-
nical justification for the use of this BDBA?

®  Q 26: Which design basis accidents can develop into a beyond design basis
accident?

e Q 27: Which accidents scenarios with the loss of containment integrity or con-
tainment bypass are physical possible for the units of the SUNPP?

e Q 28: Which additional measures are envisaged to avoid large releases in
case of an accident?

® Q 29: How is the situation of the fuel issue at the SUNPP? Was the emergency
shut down on the 27 November 2016 of unit 3 related to fuel problems? Are
the units still using Westinghouse fuel? Have calculation been made to assess
possible consequences for the structural degradation of the fuel? Can this
degradation prevent the insertion of the control rods?

8.4.2 Preliminary Recommendations:

e PR9:Itisrecommended to use the WENRA Safety Objectives for new NPP
to identify reasonably practicable safety improvements for the SUNPP. It is
recommended to use the concept of practical elimination for this ap-
proach.

® PR 10: Itis recommended to provide the following information concerning
accident analyses and the results of the PSA (Level 1, 2 und 3):

a) Core damage frequency (CDF) and large (early) releases frequency
(L(E)RF)

b) Contribution of internal events as well as internal and external hazards
to CDF and L(E)RF

c) List of the beyond design basis accidents (BDBAs)

d) Source terms of all possible BDBAs including releases from the spent
fuel pools

e) Time spans to restore the safety functions after the loss of heat re-
moval and/or station-blackout and cliff edge effects.
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8.5 Accidents due to external hazards

8.5.1 Questions:

® Q 30: Please provide access to the Periodical Safety Re-Assessment Report
(PSRAR), in particular to information on internal and external hazards (chapter
SF-7 Internal and external hazard analysis).

e Q 31: Were the original design bases with regard to natural hazards and the
protection systems against the effects of natural hazards systematically reas-
sessed as part of the EIA process and / or as part of the extension of the operat-
ing license (LTO) for SUNPP?

® Q 32: Do all of the design bases with regard to natural hazards conform to the
WENRA requirements to define design basis events for occurrence probabilities
of 10* per year?

® Q 33: /s adequate protection in place to conservatively ensure that all SSCs rel-
evant to safety withstand design basis events of natural hazards with occur-
rence probabilities of 10 per year?

® Q 34: Have new hazard analyses for natural hazards other than seismic been
carried out for SUNPP as part of the EIA process and / or as part of the exten-
sion of the operating license (LTO) and / or other projects?

® Q 35: If new hazard analyses were carried out: did they confirm the original de-
sign bases, or do the new analyses require retrofitting SSCs relevant to safety?

® Q 36: Has the upgrading of the seismic resistance of all SSCs important to
safety to the new DBE of PGA=0.12g as announced in the Stress Tests been
completed for SUNPP?

e Q 37: Which faults in the region around SUNPP have been analysed with re-
spect to active faulting, and what are the results of these investigations?

® Q 38: Please provide information on the results of seismic margin assessments
that were carried out to assure the robustness of equipment, piping, buildings
and structures important to safety. In particular:

What is the robustness of the containment (in PGA)?

What is the robustness of the piping of the primary cooling circuit and the
pressurizer surge line (in PGA)?

® Q 39: Is the hazard of external flooding, in particular river floods appropriately
taken into account in the definition of the design basis flood, i.e., by referring to
occurrence probabilities of 10 per year (average recurrence period of 10,000
years)?

® Q 40: EIA documents mention an increase of average temperatures for about
2°C over the last about 30 years. Has this finding been analysed further in the
context of climate change and with respect potentially hazardous effects of ex-
treme temperatures of air and cooling water?
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8.5.2 Preliminary Recommendations:

e PR 11: Whether all natural hazards relevant to the site were taken into ac-
count remains unclear in the site safety analysis, as required by WENRA
(2021) and further explained by WENRA (2015). The team of experts rec-
ommends using the “Non-Exhaustive List of Natural Hazards” (WENRA 2015)
as a starting point to ensure that all site-specific hazards affecting Doel 1 &
2 are taken into account.

® PR 12: Whether all hazard combinations were taken into accountin the as-
sessment of the site, as required by WENRA (2021) and further explained
by WENRA (2015) remains unclear. The team of experts recommends using
a hazard correlation diagram (e.g. DECKER & BRINKMAN 2017) as a starting
point to ensure that all relevant combinations are taken into account.

® PR 13: The team of experts recommends taking into account all combina-
tions of relevant processes that determine the height of river floods, such
as mismanagement of dams, dam break and waves when assessing the
risk of river flooding (WENRA 2016a).

® PR 14:The expert team recommends the selection of design basis parame-
ters from design basis events with occurrence probabilities of 10 per year
for all natural hazards that apply to the site and use the derived parame-
ters to develop adequate protection concepts.

® PR 15: The expert team recommends the application of the WENRA ap-
proach of analysing Design Extension Conditions (DEC) for natural hazards
and updates of the protection concepts against natural hazards. DEC are
not analysed in the available EIA document. This is in violation of the
WENRA requirement that DEC analysis shall be undertaken with the pur-
pose of further improving the safety of existing nuclear power plants and
enhancing their capability to withstand more challenging events or condi-
tions than those considered in the design basis.

8.6 Accidents with third parties’ involvement

8.6.1 Questions:

® Q 41: What are the requirements with respect to the NPP design against the de-
liberate crash of a commercial aircraft?

® Q 42: Against which external attacks must the reactor building, and other
safety relevant buildings be designed? Is this protection still guaranteed despite
adverse ageing effects?

® Q 43:Is a peer-review mission of the IAEA International Physical Protection Ad-
visory Service (IPPAS) planned?
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8.6.2 Preliminary Recommendations:

e PR 16: The EIA Report should present the general requirements with re-
spect to the protection against the deliberate crash of a commercial air-
craft and other terror attacks and acts of sabotage.

e PR 17:In light of the special situation in Ukraine, the effects of third par-
ties (terrorist attacks or acts of sabotage of the plant) should be given
high priority. Protection against cyber-attacks and the threat of insiders
should be improved. The IAEA's International Physical Protection Advi-
sory Service (IPPAS) should be used to improve the security.

8.7 Trans-boundary impacts

8.71 Questions:

® Q44: Please provide the quantitative results of the calculated ground deposi-
tion of I-131 and Cs-137 for the distance to Austria.

8.7.2 Preliminary Recommendations:

e PR 18:Itis recommended to perform a dispersion calculation using a
source term that is based on specific severe accident analyses of the
SUNPP
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AAMS ..o Automated Ageing Management System

AM L Ageing Management

AMP i Ageing Management Programme

BDBA ..o, Beyond Design Basis Accident

BQ oo, Becquerel

CDSIP e Comprehensive (Integrated) Safety Improvement Pro-
gram

CDF e Core Damage Frequency

CRWP...ctiiiiirieiciciens Complex for radioactive waste processing

CSFSF.iiiieieineieeseieee Centralized spent fuel storage facility (interim storage

for spent fuel)

CS-137 i Caesium-137

DBA .ottt Design Basic Accident

DEC..iiiieieeeeeeeeeeee Design Extension Conditions

DSFSF et Dry Spent Fuel Storage Facility

EBRD .covveririieerecieecieen European Bank for Reconstruction and Development
EC e, European Commission

ECR e Emergency Control Room

EIA (e Environmental Impact Assessment

ENSREG ...coovvirieieeriiienns European Nuclear Safety Regulators Group

EOP .o Emergency Operating Procedures

EU oot European Union

EUR oo European Utility Requirements

B ettt ettt Gravitational acceleration of the Earth (9.82ms-2)
Lot Earthquake intensity

HLW oot High level radioactive waste

[&C it Instrumentation and Control

13T e lodine-131

IAEA .ot International Atomic Energy Agency
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Intermediate level radioactive waste
Instrument for Nuclear Safety Cooperation
International Physical Protection Advisory Service
In-Vessel Melt Retention

In-Vessel Retention

Low level radioactive waste

Loss of Coolant Accident

Large Release Frequency

Long-Term Operation

Light Water Reactor

Main Control Room

Maximum Design Basis Accident

Mobile Diesel Generators and Pumping Unit

Medvedev-Sponheur-Karnik scale of earthquake in-
tensity

National Action Plan
Non-Destructive Examination
Nondestructive Inspection
Nuclear Power Plant

Nuclear Threat Initiative
Operating Base Earthquake
Observation Zone (30km)
PetaBecquerel

Peak Ground Acceleration
Probabilistic Safety Assessment
Probabilistic Seismic Hazard Assessment
Preliminary Safety Report
Periodic Safety Review
Pressurized Water Reactor

Reactor Harmonization Working Group

Umweltbundesamt ® REP-0774, Vienna 2021 | 94



NPP South Ukraine Lifetime Extension EIA - Glossary

Reference Level

Reactor Pressure Vessel

Severe Accident Management

Severe Accident Management Guideline
Station Black Out

Sealed Containment

State Enterprise National Nuclear Generating Com-
pany

Strategic Environmental Assessment

Safety Factors

Spent Fuel Pool

Steam Generator

State Nuclear Regulatory Inspectorate of Ukraine
Sanitary Protection Zone (2.5km)

Structure, Systems and Components

Safe Shutdown Event

State specialized enterprise “Central enterprise on ra-
dioactive waste handling”

South Ukraine NPP

Tera-Becquerel, E12 Bq

Technical Condition Assessment

Time Limited Ageing Analysis

Topical Peer Review

United Nations Economic Commission for Europe

Water-Water-Power-Reactor, Pressurized Reactor orig-
inally developed by the Soviet Union

Western European Nuclear Regulators” Association

Zaphorizhzhya NPP
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