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SUMMARY

Ukraine is conducting an Environmental Impact Assessment (EIA) for the lifetime
extension of the reactors Rivne 1&2 under the Espoo Convention. The nuclear
power plant Rivne is located near the town of Varash in the Rivhe Oblast. At the
Rivne site, four reactors are in operation. Rivne 1&2 are the oldest of these reac-
tors, they were connected to the grid in 1980 and 1981, respectively.

Austria has been notified by Ukraine and decided to participate in the EIA. The
Austrian Federal Ministry for Climate Action, Environment, Energy, Mobility, In-
novation and Technology commissioned the Environment Agency Austria to pro-
vide the expert statement at hand which assesses the submitted EIA Document.
The objective of the Austrian participation in the EIA procedure is to minimise or
even eliminate possible significant adverse impacts on Austria which might result
from this project.

Overall and procedural aspects of the Environmental Impact Assessment

The original license has been issued for 30 years and was prolonged in 2010 until
December 2030. The project of the lifetime extension of Rivhe 1&2 is violating
the Espoo Convention because the Environmental Impact Assessment has not
been conducted in 2010. The “EIA/IC/CI/4 Ukraine” case under the Espoo Con-
vention started in 2011 and is still open. Ukraine was asked to conduct an EIA
before 2020. In December 2020, the Meeting of the Parties to the Espoo Con-
vention asked Ukraine to revise its final decision on the lifetime extension of Rivne
1&2, taking due account of the outcomes of the now ongoing EIA procedure. This
ongoing case under the Espoo procedure shows that it is not clear if and how the
results of the ongoing EIA procedure will be taken into account by the Ukrainian
side. Furthermore, the next steps of the licensing procedure are not clear.

According to the Espoo Convention a description and an assessment of reason-
able alternatives and also the no-action alternative have to be included in the
Environmental Impact Assessment Documentation. In this regard the EIA Docu-
mentation is not sufficient.

On 16 December 2020, the State Nuclear Regulatory Inspectorate of Ukraine
SNRIU already decided upon amendment of the EO 000943 series license for
Rivne 1 until 22 December 2030. But the Espoo Implementation Committee had
recommended to conduct and finalise the EIA before the next Periodic Safety
Review (PSR) in 2020 was finished, that would have been before the license was
prolonged.

Spent fuel and radioactive waste

The EIA Document lacks important information on the management of the spent
fuel and radioactive waste from Rivne 1&2. The expected inventory of spent fuel
and radioactive waste resulting from the lifetime extension is not given.

Information on the status of the central interim storage where the spent fuel from
Rivne 1&2 shall be stored (CSFSF) was not provided. The final repository of
spent fuel and high level waste, where also the vitrified HLW from reprocessing
in Mayak/Russian Federation will be stored, remains unclear.
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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 reactor type VVER 440

Although ageing of the 40 years old structures, buildings and equipment is a
safety issue for Rivne 1&2, it is not addressed in the EIA Document. It only refers
to "Structures, systems and components aging" being a safety factor (SF) within
the periodic safety review (PSR). The adverse effect of ageing depends also on
the inspection, restoration and protection measures taken. A comprehensive age-
ing management program (AMP) is necessary to limit ageing-related failures at
least to a certain degree. However, information of an ageing management pro-
gramme (AMP) is also not provided in the EIA Document.

Ukraine participated in the Topical Peer Review (TPR) “Ageing Management” in
the framework of the implementation of the Nuclear Safety Directive
2014/87/EURATOM, carried out in 2017/18. Several “areas for improvement”
were identified, i.e. deviation of the TPR expected level of performance for ageing
management that should be reached to ensure consistent and acceptable man-
agement of ageing throughout Europe. The results of the TPR and the activities
to remedy the weaknesses should be presented in the EIA Document, in partic-
ular the very important safety issue of the RPV embrittlement should be dis-
cussed.

Although conceptual ageing is also an issue for the Rivne 1&2, the EIA Document
does not deal with any of the known safety issues of the VVER-440/V213 reac-
tors. VVER 440/V213 units have several design weaknesses: the reactor building
and the spent fuel pool building are relatively vulnerable against external events.
VVER-440 reactors are designed as twin units, sharing many operating systems
and safety systems. The sharing of safety systems increases the risk of common-
cause failures affecting the safety of both reactors at the same time.

This NPP design developed in the 1980s, only partly meets modern design prin-
ciples such as redundancy, diversity and physical separation of redundant sub-
systems or the preference for passive safety systems. The EIA Document neither
provides a description of the safety-relevant systems, nor information about the
capacities, redundancies and physical separation.

In December 2010, although safety relevant issues are not completely solved,
the State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) granted 20-year
lifetime extensions for Rivhe 1&2. The stress tests revealed 2011 that Ukrainian
NPPs are compliant only with 172 of the 194 requirements according to the IAEA
Design Safety Standards published in 20001, Implementation of necessary im-
provements is on-going under the Upgrade Package. This includes the Compre-
hensive (Integrated) Safety Improvement Program (C(1)SIP). The completion of

1 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 Ukrainian NPPs design 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
were published by IAEA (2012).
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the program was postponed several times. Completion is now scheduled for
2023.

SNRIU participates in the Western European Nuclear Regulators Association
(WENRA) activities as an observer since 2009. In 2014, WENRA published a
revised version of the Safety Reference Levels (RLs) for existing reactors devel-
oped by the Reactor Harmonisation Working Group (RHWG). The objective of
the revision was to take into account lessons learned of the TEPCO Fukushima
Daiichi accident. A major update of the RLs was the revision of Issue F "Design
Extension of Existing Reactors" introducing the concept of Design Extension
Conditions (DEC). However, it has to be noted that Ukraine has not implemented
88 RL of the 342 as of 1 January 2019. (WENRA RHWG 2020a)

Accident Analyses

Maintaining containment integrity under severe accident conditions is an im-
portant issue for accident management. The Rivnhe 1&2 severe accident manage-
ment (SAM) strategy will rely on retaining corium inside the pressure vessel (in-
vessel retention - IVR). However, these measures are not implemented yet. Fur-
thermore, if this feature could be realized it would only reduce the risk of radioac-
tive release in most but not in all severe accident scenarios.

A systematic analysis of beyond design basis accidents (BDBA) is not presented
in the EIA Document. To calculate the possible (trans-boundary) consequences,
it was assumed that the containment integrity will be kept up. This assumption is
not justified. The used source term of a beyond design basis accident (BDBA)
was chosen on the basis of safety requirements of the European operators for
the design of a light water reactors (LWR). However, this limited source term can
only be assumed if the plant has been designed or retrofitted accordingly. This is
not the case for Rivne 1&2.

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

In any case, the EIA Document should contain a comprehensive justification for
the source term used. In principle, possible Beyond Design Basis Accidents
should be part of the EIA, irrespective of their probability of occurrence.

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 440/V213
reactor type.

The results of the EU stress tests have revealed a lot of shortcomings of the
severe 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 reac-
tors remain to be plants posing exceptionally high risk. The continuous upgrading
programs did not deliver the promised results. The ENSREG peer review team

Umweltbundesamt ® REP-0754, Vienna 2021 7



EIA Rivne 1&2 Lifetime Extension— Summary

pointed to one of the main problems, which are characteristic of nuclear safety in
the Ukraine: the constant severe delay of the implementation of upgrading
measures.

The WENRA “Safety Objectives for New Power Reactors” should be used as a
reference for identifying reasonably practicable safety improvements for Rivne
1&2. However, the EIA Document does not mention these WENRA safety objec-
tives. The most ambitious WENRA safety objective intends to reduce potential
radioactive releases to the environment from accidents with core melt. Accidents
with core melt which would lead to early or large releases would have to be prac-
tically eliminated. Practical elimination of an accident sequence cannot be
claimed solely based on compliance with a general cut-off probabilistic value.
Even if the probability of an accident sequence is very low, any additional rea-
sonably practicable design feature, operational measures or accident manage-
ment procedures to further lower the risk should be implemented. The concept of
“practical elimination” of early or large releases is not mentioned for Rivhe NPP
in the EIA Document.

Accidents initiated by natural events and site assessment

The plant safety assessment takes into account the following natural hazards:
river flood, extreme precipitation, abnormally low water level (lack of cooling wa-
ter), tornado, earthquake, high wind, fog, thunderstorm, snowstorm (snow load)
and extreme temperature. In addition, karst and suffusion (including human-in-
duced karstification and suffusion) are discussed.

The assessment of natural phenomena that may have adverse effects on the
safety of the NPP is restricted to a small number of hazard types. The EIA Doc-
ument fails to demonstrate that the site assessment identified all natural hazards
that apply to the site. A thorough assessment including the steps

® hazard screening and identification of hazard combinations
® hazard assessment

e definition of design basis events

® development of a protection concept

® analysis of design extension conditions

as required by WENRA (20144, Issue T) has not been performed.

Hazard screening and the identification of hazard combinations should start from
an exhaustive list of natural hazards (e.g., WENRA 2015; DECKER & BRINKMAN
2017) to demonstrate that all relevant hazards and hazard combinations are ad-
dressed.

Hazard severities for occurrence probabilities of 10 per year as required by
WENRA (2014) have been determined by hazard assessments for several, but
not all hazards considered in the EIA Document. The results, however, are not
followed up to define design basis events and develop adequate protection con-
cepts in a way that complies with the WENRA Safety Reference Levels for Exist-
ing Reactors (2014). This is particularly the case for external flooding by extreme
precipitation, low water level (lack of cooling water), high wind, tornado, snow
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load/snow storm and extreme temperatures. Adequate protection against several
hazards is therefore currently not in place. This is most important for:

® Flooding by extreme precipitation for which the current design only protects
against events with occurrence probabilities of 10E-1 per year. Events exceed-
ing the current design value are expected to lead to severe impacts on the on-
site power system. This occurrence probability exceeds the exceedance fre-
quency of design basis events required by WENRA by a factor of 10E3.

® High wind for which the EIA Document shows that storms with occurrence
probabilities of 1.40E-3 can lead to failure of the essential service water sys-
tem.

® Drought and lack of riverine cooling water.

We have to assume that the low robustness of the cooling system against wind
loads and other meteorological hazards are important reasons for the high con-
ditional probability of core damage due to failure of the essential service water
system. This probability is stated with 6,93E-03. Such a high Core Damage Fre-
guency (CDF) value is unacceptable when compared to regulations and safety
expectations for existing NPPs that are in place in most of the European coun-
tries?.

Karstification and suffusion pose significant threats to the safety of the NPP Rivne
by the possible destabilization of the foundation soil of the reactor buildings and
containments, buildings that house safety-relevant structures, systems and com-
ponents (SSC), safety-relevant underground piping and the cooling towers. Infor-
mation provided by the EIA Document proves that the operation of the NPP leads
to the lasting seepage of large amounts of technical water that has the potential
to increase Karstification and suffusion, and to destabilize foundation soils. Since
human-made karstification and suffusion are self-enhancing mechanisms it may
be expected that their safety relevance increases during the future operation of
the NPP.

The available EIA Document provides only insufficient information on the safety
margins of the reactors with respect to the different natural hazard types. Design
Extension Conditions (DEC) are not analysed. This is contrary to the WENRA
requirement that DEC analysis shall be undertaken with the purpose of further
improving the safety of existing nuclear power plants and enhancing their capa-
bility to withstand more challenging events or conditions than those considered
in the design basis. Related requirements and procedures are provided by
WENRA (2014a) and WENRA (2014b). The Austrian expert team recommended
to extend the efforts with respect to natural hazard analysis and develop ade-
quate protection concepts for natural hazards in line with the WENRA approach
for DEC.

2 In the majority of member countries of WENRA (Western European Nuclear Regulators
Association) and in the Ukraine the Core Damage Frequency (CDF) shall not exceed the value of
10* per year. Some WENRA countries require CDF<10" per year.
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Accidents with involvement of third parties and man-made impacts

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

Although precautions against sabotage and terror attacks cannot be publicly dis-
cussed in detail in the EIA procedure for reasons of confidentiality, the necessary
legal requirements should be set out in the EIA Document.

Information regarding the issue of terror attacks would be of great interest, con-
sidering the large consequences of potential attacks. In particular, the EIA Docu-
ment should include detailed information on the requirements for the design
against the targeted crash of a commercial aircraft. This topic is of particular im-
portance, because the reactor building of Rivne 1&2 is vulnerable against terror
attacks (including airplane crash).

A recent assessment of the nuclear security in Ukraine points to shortcomings
compared to necessary requirements: The 2020 NTI Index assesses nuclear se-
curity conditions related to the protection of the nuclear facilities. 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 is-
sues. It is recommended to invite this 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

The used source term for Cs-137 (30 TBq) of a beyond design basis accident
(BDBA) was determined on the basis of the limited value of the release according
to the safety requirements of the European operators. The assumption of this
relatively moderate source term is not justified. This limited source term can only
be used if the plant has been designed or retrofitted accordingly. This is not the
case for the Rivne 1&2 NPP. The project flexRISK made an assessment of
source terms and identified for Rivnhe 1&2 a possible source term for Cs-137
(76,500 TBq). This source term is related to the behaviour of the plant in case of
a severe accident and the possible release.

Severe accidents with releases considerably higher than assumed in the EIA
Document cannot be excluded for Rivne 1&2. Such worst case accidents should
be included in the assessment since their effects can be widespread and long-
lasting and even countries not directly bordering Ukraine, like Austria, can be
affected.

Because of the analysis of the worst case scenarios was not performed the con-
clusion of the EIA Document concerning trans-boundary effects is not sufficiently
proven.

The results of the flexRISK project indicated that after a severe accident, the av-
erage Cs-137 ground depositions at most areas of the Austrian territory could be
higher than the threshold for agricultural intervention measures (e.g. earlier har-
vesting, closing of greenhouses). Therefore, Austria could be significantly af-
fected by a severe accident at Rivne 1&2.
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ZUSAMMENFASSUNG

Die Ukraine fiihrt eine Umweltvertraglichkeitspriifung (UVP) fir die Lebensdau-
erverlangerung der Reaktoren Rivne 1&2 gemaf der Espoo-Konvention durch.
Das Kernkraftwerk Rivne liegt in der Nahe der Stadt Varash in der Region Rivne.
Am Standort Rivne sind vier Reaktoren in Betrieb, wobei die Blécke Rivne 1&2
die altesten Reaktoren sind und in den Jahren 1980 bzw. 1981 in Betrieb genom-
men wurden.

Nachdem die Republik Osterreich von der Ukraine notifiziert wurde, beschloss
Osterreich sich an der UVP zu beteiligen. Das osterreichische Bundesministe-
rium fur Klimaschutz, Umwelt, Energie, Mobilitat, Innovation und Technologie
(BMK) beauftragte das Umweltbundesamt mit der Erstellung des vorliegenden
Expertinnengutachtens, in welchem die Gbermittelten UVP-Dokumente bewerten
werden. Das Ziel der 6sterreichischen Beteiligung an dem UVP-Verfahren ist die
Minimierung oder Beseitigung maglicher signifikant negativer Auswirkungen auf
Osterreich, die von diesem Projekt ausgehen kénnten.

Allgemeine Aspekte und Verfahrensaspekte der Umweltvertraglichkeits-
priafung

Die urspriingliche Genehmigung wurde fir eine Geltungsdauer von 30 Jahren
erteilt und im Jahre 2010 bis Dezember 2030 verlangert. Das Projekt der Lebens-
dauerverlangerung des KKW Rivne 1&2 steht im Widerspruch zur Espoo-Kon-
vention, da im Jahre 2010 keine Umweltvertraglichkeitsprifung durchgefihrt
wurde. Die Beschwerde “EIA/IC/Cl/4 Ukraine” wurde im Rahmen der Espoo-Kon-
vention im Jahre 2011 erdffnet und ist noch nicht abgeschlossen. Die Ukraine
wurde aufgefordert eine UVP vor dem Jahr 2020 durchzufiihren. Im Dezember
2020 forderte die Vertragsstaatenkonferenz (MOP) der Espoo-Konvention die
Ukraine auf, die finale Genehmigung fur die Lebensdauerverlangerung von Rivne
1&2 zu revidieren und die Ergebnisse des jetzt laufenden UVP-Verfahrens zu
beriicksichtigen. Die noch offene Beschwerde im Rahmen der Espoo-Konvention
zeigt, dass noch ungeregelt ist, ob und auf welche Weise die Resultate des lau-
fenden UVP-Verfahrens von der ukrainischen Seite beriicksichtigt werden.

Gemal der Espoo-Konvention hat die Dokumentation fur die Umweltvertréaglich-
keitsprifung eine Beschreibung und eine Prifung von verninftigen Alternativen
wie auch der Null-Variante zu beinhalten. In dieser Hinsicht ist die vorgelegte
UVP-Dokumentation unvollstandig.

Am 16. Dezember 2020 hat die Staatliche Atomaufsichtsbehoérde der Ukraine,
SNRIU, bereits die Verlangerung der Genehmigung EO 000943 fiir Rivne 1 bis
22. Dezember 2030 beschlossen. Das Espoo-Implementierungskommittee hatte
allerdings die Empfehlung ausgesprochen, die UVP vor Abschluss der nachsten
Periodischen Sicherheitsiiberpriifung (PSU) 2020 durchzufilhren und abzu-
schlief3en, d.h. vor Verlangerung der Genehmigung.

Abgebrannter Nuklearbrennstoff und radioaktive Abfélle

In der UVP-Dokumentation fehlen wesentliche Informationen iber das Manage-
ment von abgebrannten Brennstdben und radioaktiven Abféllen aus dem KKW

Umweltbundesamt ® REP-0754, Vienna 2021
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Rivne 1&2. Das zu erwartende Inventar der abgebrannten Brennstébe und radi-
oaktive Abfélle, die in Folge der Lebensdauerverlangerung anfallen werden,
wurde nicht angeftihrt.

Ebenso nicht angefiihrt wurde die Information tGiber den Stand des Zentralen Zwi-
schenlagers, wo die abgebrannten Brennstdbe aus dem KKW Rivne 1&2 gela-
gert werden sollen (CSFSF). Weiterhin unklar ist das Endlager flir abgebrannten
Brennstoff und hochaktiven Abfall, wo auch die verglasten hochaktiven Abfélle
aus der Wiederaufbereitung in Mayak in der Russischen Foderation gelagert wer-
den sollen.

Abgebrannter Brennstoff und hochaktiver Abfall kdnnen negative Umweltauswir-
kungen haben, daher ware es zu begriiRen, wenn die ukrainische Seite weitere
Informationen Uber das nationale Entsorgungsprogramm fur Atommull zur Verfu-
gung stellen wiirde.

Langzeitbetrieb von Reaktoren des Typs WWER-440

Obwonhl die Alterung der 40 Jahre alten Strukturen, Gebaude und Anlagen flr
Rivne 1&2 sicherheitsrelevant ist, wurde dieser Themenkomplex in der UVP-
Dokumentation nicht angesprochen. Diese bezieht sich nur auf ,Strukturen, Sys-
teme und Komponentenalterung“ als Sicherheitsfaktor im Rahmen der Periodi-
schen Sicherheitsuiberpriifung (PSU). Die negativen Auswirkungen der Alterung
stehen auch in Abhéangigkeit zu den durchgefuhrten Inspektions-, Erneuerungs-
und SchutzmalRhahmen. Ein umfassendes Alterungsmanagementprogramm
(AMP) ist notwendig um die altersbedingten Versagen zumindest in einem be-
stimmten Ausmaf zu beschrénken. Allerdings fehlt die Information Uber das Al-
terungsmanagementprogramm (AMP) in der UVP-Dokumentation.

Die Ukraine beteiligte sich in den Jahren 2017/18 an der Topical Peer Review
(TPR) mit dem thematischen Schwerpunkt ,Alterungsmanagement” im Rahmen
der Umsetzung der Nuklearsicherheitsrichtlinie 2014/87/EURATOM. Einige ,Be-
reiche mit Verbesserungspotential“ wurden identifiziert, d.h. Abweichungen, vom
erwarteten Niveau der TPR fir die Durchfihrung des Alterungsmanagements,
welches im Sinne eines konsistenten und akzeptablen Alterungsmanagements
in ganz Europe erzielt werden sollte. Die TPR-Resultate und die Aktivitdten zur
Behebung von Schwachstellen sollten in der UVP-Dokumentation prasentiert
werden. Das gilt inshesondere fir die wesentliche Sicherheitsfrage der Ver-
sprédung des Reaktordruckbehalters.

Obwohl die konzeptuelle Alterung fir Rivne 1&2 ebenso ein Problem darstellt,
befasst sich die UVP-Dokumentation mit keinem der bekannten Sicherheitsdefi-
zite der WWER-440/213 Reaktoren: das Reaktorgebaude und auch das Ge-
baude fur das Abklingbecken abgebrannter Brennstébe sind gegentber externen
Ereignisse relativ verwundbar. Die WWER-440 Reaktoren sind als Zwillingsan-
langen konstruiert, die sich mehrere Betriebs- und Sicherheitssysteme teilen. Die
gemeinsame Verwendung erhoht das Risiko eines Versagens aus gemeinsamer
Ursache, wodurch die Sicherheit beider Reaktoren gleichzeitig betroffen ist.

Dieses KKW-Design wurde in den 1980ern entwickelt und entspricht nur teilweise
modernen Auslegungsprinzipien wie Redundanz, Diversitat und physische Tren-
nung von redundanten Subsystemen und der bevorzugten Verwendung von pas-
siven Sicherheitssystemen.
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Im Dezember 2010 genehmigte die Staatliche Nuklearaufsichtshehérde (SNRIU)
der Ukraine fiir das KKW Rivne 1&2 eine Lebensdauerverlangerung fur 20 Jahre,
obwohl die sicherheitsrelevanten Defizite noch nicht vollstandig geklart waren.
Der Stresstest kam zu dem Ergebnis, dass die ukrainischen KKW nur 172 von
194 Anforderung der IAEA Design Safety Standards von 20002 erfiillten. Die Um-
setzung der notwendigen Verbesserungen ist Teil des noch laufenden Nachris-
tungspakets. Darunter féllt auch das Comprehensive (Integrated) Safety Impro-
vement Program (C(1)SIP), dessen Fertigstellung einige Male verschoben wurde.
Die Fertigstellung ist nun fir 2023 vorgesehen.

Die SNRIU beteiligt sich seit 2009 als Beobachterin an den Aktivitdten der
WENRA (Western European Nuclear Regulators Association). Im Jahre 2014
veroffentlichte die WENRA eine revidierte Version der Safety Reference Levels
(RLs) fur bestehende Reaktoren, die die Reactor Harmonisation Working Group
(RHWG) ausgearbeitet hat. Das Ziel der Revision war die Berlicksichtigung der
Erfahrungen, die aus dem Unfall im KKW TEPCO Fukushima Daiichi gewonnen
wurden. Eine wesentliches Update war die Revision des Issue F "Design Exten-
sion of Existing Reactors" durch die Einfliihrung des Auslegungskonzepts der De-
sign Extension Conditions (DEC), der Erweiterten Auslegungsbedingungen. Es
ist allerdings zu betonen, dass die Ukraine 88 der 342 Reference Levels nicht
umgesetzt hat. (WENRA RHWG 2020a)

Unfallanalysen

Der Erhalt der Containment-Integritat unter Bedingungen schwerer Unfélle ist ein
wichtiges Thema fiir das Unfallmanagement. Die Strategie fir das Management
schwerer Unféalle (SAM) wird vor allem auf das Zuriickhalten des Kerns innerhalb
des Reaktordruckbehéalters setzen (In-Vessel Retention — IVR). Doch diese Mal3-
nahmen sind noch nicht umgesetzt. Selbst wenn diese Einrichtung installiert sein
wird, kann es nur zur Reduktion des Risikos von radioaktiven Freisetzungen in
den meisten, aber nicht in allen Féllen von schweren Unfallszenarien kommen.

In der UVP-Dokumentation fehlt eine systematische Analyse der Auslegungssto-
rfall-Uberschreitenden Unfélle (BDBA). Fir die Berechnung maoglicher (grenz-
Uberschreitender) Folgen wurde angenommen, dass die Containment-Integritat
erhalten bleiben wird. Diese Annahme ist nicht gerechtfertigt. Der fir einen Aus-
legungsstorfall-uberschreitenden Unfall verwendete Quellterm wurde auf der
Grundlage der Sicherheitsanforderungen der européischen Betreiber von Druck-
wasserreaktoren ausgewahlt. Doch kann dieser Quellterm nur dann als Annahme
verwendet werden, wenn das Kraftwerk dementsprechend ausgelegt oder nach-
gerustet wurde. Das ist bei Rivne 1&2 nicht der Fall.

Fir die Unfallanalyse in der UVP-Dokumentation sollte ein méglicher Quellterm
von der Berechnung der aktuellen PSA 2 abgeleitet werden. Auch wenn die

w

Im Rahmen eines gemeinsamen IAEO-EK-Ukraine Projekts wurde eine Designevaluierung
durchgefiihrt, um umfassend die Ubereinstimmung der ukrainischen KKW-Designs mit den IAEO
Safety Standards Safety of Nuclear Power Plants: Design (NS-R-1) aus dem Jahre 2000 zu
bewerten. Mittlerweile ist auch dieses IAEO-Dokument veraltet, denn im Janner 2012 wurden die
neuen Sicherheitsanforderungen IAEO (2012) publiziert.
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Wabhrscheinlichkeit fiir schwere Unfélle mit einer frilhen und/oder groRen Freiset-
zung fur bestehende KKW als gering angenommen wird, so sind die Folgen die-
ser Unfalle schwer.

In jedem Fall sollte die UVP-Dokumentation eine nachvollziehbare Begriindung
fur den verwendeten Quellterm haben. Prinzipiell sollten mdgliche Auslegungs-
storfall-Uberschreitende Unfélle (BDBA) Teil der UVP sein, ungeachtet ihrer Ein-
trittswahrscheinlichkeit.

Um die Konsequenzen von BDBASs zu bewerten ist es notwendig, eine Reihe von
schweren Unféllen zu analysieren, einschliellich der Unfélle mit Containment-
versagen und Containment-Bypass. Dieser Arten von schweren Unféllen sind fur
den Reaktortyp WWER 440/V213 maglich.

Die Resultate der EU-Stresstests haben eine Reihe von Defiziten beim Manage-
ment schwerer Unfalle (SAM), d.h. der Verhinderung von schweren Unfallen und
der Verhinderung von deren Folgen bei den ukrainischen KKW aufgedeckt. Die
Aufsichtsbehdrde verlangt einige umfassende Verbesserungen, wobei das
ENSREG Peer Review Team weitere Verbesserungsmaflinahmen verlangt. Da-
bei handelt es sich um ein Beispiel fir die Kluft zwischen den Sicherheitsstan-
dards und Sicherheitsanforderungen der Ukraine und der EU.

Die Stresstests zeigten, dass nach jahrzehntelangen Sicherheitsprogrammen die
KKW auch weiterhin ein ungewdhnlich hohes Risiko darstellen. Die kontinuierli-
chen Nachristprogramme haben nicht die versprochenen Resultate gebracht.
Das ENSREG Peer Review Team verwies auf eines der Hauptprobleme, die flr
die nukleare Sicherheit in der Ukraine charakteristisch sind: die permanente Ver-
schiebung der Umsetzung der NachriistmaRnahmen.

Die WENRA “Safety Objectives for New Power Reactors” sollten als Referenz-
dokument fir die Identifikation der verniinftig umsetzbaren Sicherheitsverbesse-
rungen fur Rivne 1&2 dienen. Die UVP-Dokumentation nennt diese WENRA Si-
cherheitsziele allerdings nicht. Das ehrgeizigste WENRA-Sicherheitsziel beab-
sichtigt die Reduktion potentieller radioaktiver Freisetzungen in die Umwelt bei
Kernschmelzunfallen. Kernschmelzunfalle mit frihen oder gro3en Freisetzungen
waren dann praktisch ausgeschlossen. Der praktische Ausschluss von Unfallab-
folgen kann nicht nur mit einem allgemeinen probabilistischen Grenzwert be-
stimmt werden. Selbst wenn die Wahrscheinlichkeit fir eine bestimmte Unfallab-
folge sehr gering ist, so ist ein zusétzliches vernlnftig umsetzbares Designele-
ment, eine betriebliche MalRBhahme oder Unfallmanagementverfahren einzufih-
ren, um das Risiko weiter zu reduzieren. Das Konzept des ,praktischen Aus-
schlusses® von friihen oder grof3en Freisetzungen wird fiir das KKW Rivne in der
UVP-Dokumentation nicht genannt.

Unfélle, die durch natirliche Ereignisse initiiert werden, Standortbewertung

Die Sicherheitsbewertung fiir das KKW betrachtet folgende Naturgefahren: Uber-
schwemmung durch Flusswasser, extremer Niederschlag, auRergewothnlich
niedriger Wasserpegel (Mangel an Kihlwasser), Tornado, Erdbeben, Stark-
winde, Nebel, Gewitter, Schneesturm (Schneelast) und extreme Temperaturen.
Zusatzlich betrachtet wurden Karst und Suffusion (einschlieBlich menschge-
machter Karstifizierung und Suffusion).
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Die Priifung von natiirlichen Phanomenen, die negative Auswirkungen auf die
Sicherheit des KKW haben kdnnen, wurde auf eine geringe Anzahl von Geféhr-
dungstypen beschréankt. Die UVP-Dokumentation weist nicht nach, dass die
Standortbewertung alle nattrlichen Gefahrdungen identifiziert hat, die fir diesen
Standort mdéglich sind. Eine grundliche Bewertung mit den folgenden Schritten,
wie von WENRA (2014a, Issue T) vorgesehen, wurde nicht durchgefihrt:

® Gefahrdungsscreening und Identifikation von Gefahrdungskombinationen
Gefahrdungsbewertung

°
e |dentifikation von Auslegungsstérfallen
® Entwicklung eines Schutzkonzepts

°

Analyse von erweiterten Auslegungsbedingungen

Das Gefahrdungsscreening und die Identifizierung von Gefahrdungskombinatio-
nen sollte mit einer vollstéandigen Liste der natirlichen Gefahrdungen begonnen
werden (z.B. WENRA 2015; DECKER & BRINKMAN 2017) um nachzuweisen, dass
alle relevanten Gefahrdungen und Geféahrdungskombinationen berlcksichtigt
wurden.

Die Gefahrdungen mit Eintrittswahrscheinlichkeiten von 10 pro Jahr, wie von
WENRA (2014) vorgesehen, wurden mit einer Geféahrdungsprufung einiger, aber
nicht aller Gefahrdungen in der UVP-Dokumentation durchgefiihrt. Die Ergeb-
nisse wurden allerdings nicht dafiir verwendet um Auslegungsstdrfalle zu definie-
ren und adaquate Schutzkonzepte zu entwickeln, die den WENRA Safety Refe-
rence Levels fur bestehende Reaktoren (2014) entsprechen. Das gilt insbeson-
dere flir die externe Flutung durch extreme Niederschlage, niedrigen Wasser-
stand (Mangel an Kiihlwasser), Starkwinde, Tornados, Schneelast/Schneesturm
und extreme Temperaturen. Ein adaquater Schutz liegt somit zurzeit fir einige
Gefahrdungen nicht vor. Das gilt insbesondere fiir:

e Uberflutung durch extreme Niederschlage, fiir die die aktuelle Auslegung nur
gegen Ereignisse mit einer Eintrittshaufigkeit von 10E-1 pro Jahr ausreicht.
Diese probabilistische Eintrittshaufigkeit Uberschreitet die Haufigkeit fir Aus-
legungsstorfalle, wie sie von WENRA gefordert wird, um einen Faktor von
10E3.

e Starkwind, der laut UVP-Dokumentation mit Stirmen mit einer Eintrittswahr-
scheinlichkeit von 1,40E-3 zum Versagen des wichtigen Speisewassersys-
tems fuhren kann.

® Trockenheit und Mangel an Flusswasser zur Kihlung.

Es davon auszugehen, dass die geringe Widerstandsfahigkeit des Kihlsystems
gegen Windlasten und andere meteorologische Gefahrdungen wesentliche
Grunde fur die hohe Eintrittswahrscheinlichkeit fir Kernschmelzen in Folge eines
Verlusts der essentiellen Speisewassersystems darstellt. Die Wahrscheinlichkeit
wird mit 6,93E-03 angefuhrt. Ein so hoher Wert fur die Kernschmelzh&ufigkeit
(CDF) ist nicht akzeptabel, wie der Vergleich mit den Regeln und Sicherheitsan-
forderungen an bestehende KKW zeigt, die im Grof3teil der Lander Europas* herr-
schen.

4 Im GrofRteil der Mitgliedsstaaten der WENRA (Western European Nuclear Regulators Association)
und der Ukraine sollte die Kernschmelzhaufigkeit (CDF) den Wert 10 pro Jahr nicht
Uberschreiten. Einige WENRA-L&nder verlangen CDF<10° pro Jahr.

Umweltbundesamt ® REP-0754, Vienna 2021

15



EIA Rivne 1&2 Lifetime Extension— Zusammenfassung

16

Die Verkarstung und Suffusion stellen bedeutende Gefahrdungen der Sicherheit
des KKW Rivne durch die mégliche Destabilisierung des Fundamentbodens un-
ter dem Reaktorgebdude, dem Containment und den Gebauden dar, die die si-
cherheitsrelevanten Strukturen, Systeme und Komponenten (SSC) beherbergen,
wie auch die sicherheitsrelevanten unterirdischen Rohrleitungen und die Kuhl-
tirme. Die Information in der UVP-Dokumentation zeigt, dass der Betrieb des
KKW zu einer anhaltenden Versickerung von grof3en Mengen an technischem
Wasser flihrt, welches das Potential fur eine Verstarkung der Verkarstung und
Suffusion hat und zu einer Destabilisierung der Fundamentbdden fihren kann.
Da die menschgemachte Verkarstung und Suffusion selbstverstarkende Mecha-
nismen sind, ist davon auszugehen, dass deren Sicherheitsrelevanz im kiinftigen
KKW-Betrieb ansteigen wird.

Die vorliegende UVP-Dokumentation bietet nur unzureichende Informationen
Uber die Sicherheitsreserven der Reaktoren fur die verschiedenen naturlichen
Gefahrdungsarten. Die erweiterten Auslegungsbedingungen (DEC) werden nicht
analysiert. Das widerspricht den WENRA-Anforderungen wonach die DEC-
Analyse zur weiteren Verbesserung der Sicherheit bestehender KKW und der
Erhohung deren Fahigkeit dient, Ereignisse oder Bedingungen zu bewaltigen, die
massiver sind als in der Auslegung vorgesehen. Die Dokumente WENRA (2014a)
und WENRA (2014b) stellen die damit zusammenhangenden Anforderungen und
Vorgangsweisen dar. Das 0Osterreichische Expertinnenteam empfiehlt die An-
strengungen im Bereich der Analyse der nattrlichen Gefahrdungen auszuweiten
und entsprechende Schutzkonzepte fur die natirlichen Gefahrdungen entspre-
chend den WENRA-Vorschriften fir DEC zu entwickeln.

Unfalle mit Beteiligung Dritter und durch Aktivitdten des Menschen verur-
sachte Auswirkungen

Terrorangriffe und Sabotageakte konnen schwere Auswirkungen auf Nuklearan-
lagen haben und zu schweren Unféllen fihren — auch beim KKW Rivne. Dennoch
werden diese in der UVP-Dokumentation nicht erwéhnt. In vergleichbaren UVP-
Dokumentationen wurden diese Ereignisse bis zu einem gewissen Umfang an-
gesprochen.

Wenn auch vorbeugende MaRhahmen gegen Sabotage und Terrorangriffe nicht
offentlich im Detail im UVP-Verfahren aufgrund der Vertraulichkeit diskutiert wer-
den kobnnen, so waéren doch die gesetzlichen Anforderungen in der UVP-
Dokumentation zu benennen.

Aufgrund der gravierenden Folgen mdglicher Angriffe ist die Information zur
Problematik von Terrorangriffen sehr wichtig. Die UVP-Dokumentation sollte de-
taillierte Informationen tber die Auslegungsanforderungen fur den gezielten Ab-
sturz von Verkehrsflugzeugen anfiihren. Dieses Thema ist besonders wichtig, da
das Reaktorgebaude des KKW Rivne 1&2 gegen Terrorangriffe (einschliefilich
Flugzeugabstiirzen) verwundbar ist.

Die aktuelle Bewertung der nuklearen Sicherung in der Ukraine zeigt Defizite auf:
Der NTI Index 2020 bewertet die Bedingungen der nuklearen Sicherung im Zu-
sammenhang mit dem zum Schutz der nuklearen Anlagen. Mit einer Gesamtbe-
wertung von 65 von 100 Punkten wurde die Ukraine nur auf Platz 29 von 47 Lan-
dern eingereiht, was auf ein sehr geringes Schutzausmalfd deutet. Die niedrige
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Bewertung fir “Insider Threat Prevention” und “Cybersecurity” zeigt die Miss-
sténde in diesen Bereichen auf. Es wird empfohlen, den International Physical
Protection Advisory Service (IPPAS) der IAEO einzuladen, der die Staaten bei
der Starkung von deren nationalen Regelungen, Systemen und MaRnahmen zur
Sicherung von Nuklearmaterial unterstiitzt.

Grenzuberschreitende Folgen

Der verwendete Quellterm fiir Casium 137 (30 TBq) fir einen Auslegungsstorfall-
Uberschreitenden Unfall (BDBA) wurde auf der Grundlage des beschrénkten
Werts festgelegt, der fur die Sicherheitsanforderungen der européischen Betrei-
ber gilt. Diesen relativ moderaten Quellterm heranzuziehen ist nicht gerechtfer-
tigt. Dieser beschrankte Wert kann nur verwendet werden, wenn das KKW ent-
sprechend ausgelegt oder nachgertiistet wurde. Das ist fir das KKW Rivne 1&2
nicht der Fall. Das Projekt flexRISK fiihrte eine Bewertung der Quellterme durch
und bestimmte fir Rivhe 1&2 einen mdoglichen Quellterm fir Cs-137 (76 500
TBq). Dieser Quellterm steht in Bezug zum Verhalten des KKW im Fall eines
schweren Unfalls und méglicher Freisetzungen.

Schwere Unfélle mit Freisetzungen, die deutlich Uber den in der UVP-
Dokumentation abgeschéatzten liegen, kénnen fur Rivne 1&2 nicht ausgeschlos-
sen werden. Solche Worst-Case Unfélle sind in der Prifung zu inkludieren, da
deren Auswirkungen weitreichend und langdauernd sein kénnen und auch L&n-
der betreffen konnen, die nicht direkt an die Ukraine angrenzen, wie etwa Oster-
reich.

Die Schlussfolgerungen der UVP-Dokumentation zu den grenziberschreitenden
Auswirkungen sind nicht ausreichend nachgewiesen, da die Analyse der Worst-
Case Szenarien nicht durchgefihrt wurde.

Die Resultate des flexRISK Projekts zeigen, dass nach einem schweren Unfall
die durchschnittlichen Bodendepositionen von Cs-137 in den meisten Regionen
Osterreich den Schwellenwert fur landwirtschaftliche InterventionsmaRnahmen
(z.B. vorgezogene Ernte, SchlieRen von Glashausern) Uberschreiten konnten.
Daher kénnte Osterreich von einem schweren Unfall im KKW Rivne 1&2 signifi-
kant betroffen sein.
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PE3IOME

YkpaiHa npoBoguTb OUuiHKy BnnmBy Ha pgoBkinns (OBI) ons npogooBXeHHs
CTpoKy ekcnnyatauii eHeprobnokis Ne 1 ta Ne 2 PiBHeHcbkoi AEC 3rigHo 3
KoHnBeHuieto Ecno. PiBHeHcbka AEC 3Haxogutbcst nobnudy Micta Bapalu
PiBHeHcbkoi obnacti. Tyt npautoe 4otupu eHeprobrokm. Ne 1 ta Ne 2 —
HancTapiwi. BoHn 6ynu nigknoyeHi oo enektpomepexi BignosigHo y 1980 Ta
1981 pokax.

YkpaiHa nosigomuna AscTpito npo nposeaeHHs OB[, n ABcTpisa Bupilumna B3aTH
ydyacTb Yy npoueci. ABCTpiiCbke defepanbHe MIHICTEpCTBO 3 MNuUTaHb
KniMaTUYHUX OiR, OOBKINMAA, eHepreTukn, MobinbHOCTI, iHHOBALUIN Ta TEXHOMOTrIN
aopyynno ABCTPINCbKOMY areHTCTBY 3 NMUTaHb AOBKINNA HagaTtu BianoBigHY
eKcnepTHy 3asBy 3 oLiHkow nogaHoro [lokymeHTta no OB[l. MeToto yyacTi ABCTpil
B npoueaypi OB € MiHimi3auis abo HaBiTb YCYHEHHSI MOXITMBUX 3HaAYHUX
HeraTMBHUX BMMMBIB Ha ABCTPIlO, SKi MOXYTb BUHWKHYTM B pe3ynbTaTi LbOro
NPOEKTY.

3aranbHi Ta npouenypHi acnektu OUWiHKM BNNMBY Ha AOBKiNnsA

MepeicHa niueHsis 6yna BugaHa Ha 30 pokie i y 2010 poui 6yna npogoexeHa ao
rpyaHs 2030 poky. [NpoekT NpoAoBXKEHHS CTPOKY eKkcnyaTauii eHeprobnokis Ne
1 1a Ne 2 Ha PisHeHcbkii AEC nopywye KoHseHuito Ecno, ockinbku y 2010 poui
He nposogunacbk OuiHka BNnMBY Ha goBkinns. Y 2011 poui 6yno posnoyaTo
cnpasy 3a HomepoM EIA/IC/CI/4 npo nopyLleHHs YkpaiHot nonoxeHb KoHBeHLiT
Ecno, sika 11 goci nMwaeTbcs BigkpuToto. YKpaiHi 0yno 3anponoHoBaHO NpPoOBECTU
OB po 2020 poky. Y rpyaHi 2020 poky 3ycTpidy cTtopiH KoHBeHuii Ecno
nonpocuna YkpaiHy nepernsHyTn CBOE OCTaTOYHE PilleHHS Woa0 NPOSOBXKEHHS
CTpoKy ekcnnyaTtauii eHeprobnokie Ne 1 Ta Ne 2 PiBHeHcbkoi AEC, HanexHum
YMHOM BpaxyBaBLUM pe3yrnbTaTu notoyHoi npoueaypy OBL. Lia nopyweHa 3a
npouenypoto Ecno cnpasa, pilleHHs 3a 9KoK W JOCi He NPUNHATE, CBIAYUTD, Lo
He3po3yMmino, um i sk OyayTb BpaxoBaHi pe3ynbTati noTo4yHoi npoueaypn OB
YKpalHCbKOK CTOpOHO. Kpim Toro, noganblui KpOKM npouenypu nileH3yBaHHSA
He 3po3yMmini.

3rigHo 3 KoHBseHuieto Ecno, B 4OKyMeHTaUito NO OujiHLi BNAIMBY Ha HABKOMULLHE
cepefoBuLLE MatoTb GYTU BKIHOYEHI OMMC Ta OLUiHKa AOUINBHUX anbTepHAaTUBHUX
Jin, a TakoX anbTepHaTuBa 6e3gisnbHOCTI. Y 3B’A3Ky 3 UMM [JokymMeHTauis no
OBL € HegocTaTHbLOLO.

16 rpyaHa 2020 poky [epaBHa iHCNeKLUis SAEpHOro perynoBaHHA YKpaiHu
(OepxaTtomperynioBaHHs) BXe MPUNHANA PIiLEeHHA NPO BHECEHHS 3MiH [0
niueHsii cepii EO 000943 nons eHepro6noka Ne 1 PiBHeHcbkoi AEC go 22 rpygHsi
2030 poky. Ane Komitetr 3 imnnemeHTauii KoHeeHuii Ecno pekomeHaoyBaB
npoeectn Ta pgoonpautoBath OBl 0o 3akiH4eHHS 4eproBOro nepioguyHoro
ornagy ©Gesnekmn (MOB), wo mano 6 cratucss OO TOro, sk JiueHsito Oyrno
NOAOBXEHO.

BianpauboBaHe siaepHe nanuvBo Ta paaioakTUBHI Biagxoau

Y [Ookymenti OB[l BigcyTHA BaxnmBa iH(oOpMauia WoAo0 MOBOMKEHHA 3
BiANpaubOBaHMM SAEpHUM NanvMBOoM | pafioakTUBHUMM  Bigxogamu 3
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eHeprobnokiB Ne 1 Ta Ne 2 PiBHeHcbkoi AEC. He nogaetbcs iHdopmauis npo
OviKyBaHy iHBEHTapu3auilo BigNpaLbOBaHOro nanuea Ta pagioakTUBHUX
BigxoA4iB, WO BMHMKAOTbL BHACIQOK NPOLOBXEHHS CTPOKY eKkcnnyaTaui.

IHdbopMaLList Npo CTaH LeHTpanbHOro NPOMIXKHOro CxoBuLLa, Ae 3bepiratnmeTbes
BignpavuboBaHe saaepHe nanueo 3 eHeprobnokis Ne 1 Ta Ne 2 PiBHeHcbkoi AEC
(LLCBAIT), Takox He HagaBanacd. Hes3posyminum 3anuwaetbcss N Micue
OCTaTOYHOro CXOBWLLa BiANpaLbOBaHOrO nanvBa Ta BUCOKOPaAiOAKTUBHUX
BigxoadiB, Ae Takox 306epiratumytbcsa PAB y cknonogibHomMy cTaHi nicns
nepepobku Ha PAYIT «BO «Masik» B Pocincekin ®enepadii.

BignpauboBaHe nanvBo Ta pafioakTUBHI BiAXOAM MOXYTb CIIPUYUHUTU HEraTUBHI
HacrnigkM fAnst OOBKINNs, TOX HadaHHA YKpPaiHCbKOK CTOpPOHOK  binblue
iHcbopmaLii Npo HaLUioHanbHUIM NaH NOBOAXKEHHS 3 9AepHUMU Biaxoaamum byae
CXBaslbHO CNPUNHSATE.

TpuBana ekcnnyaTtauis peakropiB Tuny BBEP-440

Xoya cTapiHHs 40-piYHMX KOHCTPYKLiM, OyaiBenb Ta ob0nagHaHHSA € MUTaHHSAM
6e3nekn ans eHeprobnokie Ne 1 Ta Ne 2 PiBHeHcbkoi AEC, ue nuTaHHA He
po3rnsaaetbcs y [JokymeHTi no OB[l. B AOKYMEHTi naeTbCcs NuLLe Npo «CTapiHHS
KOHCTPYKLUIN, CUCTEM Ta KOMMOHEHTIBY, WO € hakTopom besnekn (PB) B pamkax
nepiognyHoro ornagy 6esneku (MOB). HeraTuBHui BNNMB CTapiHHA TakoX
3anexwuTb Bid BXWUTMX 3ax04iB LWOAO Ornsay, BigHOBMEHHS Ta 3axucTty. NoTpibHa
KoMnrekcHa nporpama ynpasniHHs ctapiHHaM (MY C), wob xoya 6 neBHO Mipoto
obmexunTn npobnemu, NoB’si3aHi 3i cTapiHHAM. OgHak iHhopMmauisi Npo nporpamy
ynpasniHHsa cTapiHHam (MY C) Takox He HagaeTbea y [lokymeHTi no OB[,.

YKpaiHa B3sina ydacTb y TematuyHomy ekcneptHomy ornsgi (TEO) «YnpasniHHS
CTapiHHAM» B pamkax imnnemeHTauii dupektuen 2014/87/€BpoatoM 3 nuTaHb
agepHoi Oe3neku, wo 6y npoBegeHun y 2017-2018 pp. Byno BusHauveHo
JeKinbKa «HanpsMKiB NS BOOCKOHAmNEHHs», TOOTO BigXWMeHb Bi OYiKyBaHOro
piBHss TEO wono ynpaeniHHS cTapiHHAM, SKOro cnig gocartn ans 3abesnevyeHHs
NocnigoBHOMO Ta NPUAHATHOMO YNpaBniHHA CTapiHHAM Yy BCii €Bponi. PesynbTatn
TEO Ta 3axoau LWOAO YCYHEHHs mnporanvH MnoBWHHI OyTW npeacTaBneHi y
HokymeHTi no OB[, 3okpema mae Gyt OGroBOpPEHO OYyXE BaXKMMBE MUTAHHSA
Be3nekn Yyepes KPUXKICTb KOpMycy peakTopa.

Xo4a KoHUenTyarnbHe CTapiHHA Takox € npobnemoto Ansd eHeprobnokis Ne 1 i Ne
2 PiBHeHcbkoi AEC, [okymeHT no OB[l He cTocyeTbCsi XOAOHOI 3 BigOMMX
npo6bnem 6e3nekun peaktopis BBEP-440/B-213. bnokun BBEP-440/B-213 matoTb
Kilbka KOHCTPYKTMBHMX HEAOMiKiB: KOpnyc peakTtopa Ta Oyaisna GacenHy 3
BiAnpaubOBaHMM ManuMBOM BIAHOCHO BPa3fnMBi A0 30BHILIHLOrO BMSIMBY.
Peaktopn BBEP-440 cnpoekToBaHi sik cnapeHi 6noku, wo MawTb 6GaraTo
cninbHMX onepauiiHmMx cucteM i cuctem 6eanekn. CninbHe BUKOPUCTAHHS CUCTEM
Oe3nekn MigBuLLYE PU3UK BiOMOB Yepes 3arasbHi NMPUYUHK, WO BNMBAKTL Ha
6e3neky 060X peakTopiB OHOYACHO.

Llern npoekt AEC, pospobnenuin y 1980-x pokax, nuwie 4acTKOBO BignoBigae
TakMM Cy4aCcHUM nNpUHLMNAM MPOEKTYBaHHSA, K isnyHe pesepByBaHHS,
pi3HOXapaKTepHIiCTb i idnyHe BIQOKPEMMEHHS HaANUWKOBUX migcuctem abo
nepesary cuctem nacusHoi 6e3neku. JokymeHTn no OB[ He MICTATb Hi onucy
CUCTEM, IO CToCylTbCca Geanekn, Hi iHopmauii NMpo MOTYXHOCTI, isnyHe
pe3epByBaHHA Ta i3MYHE BiAOKPEMIIEHHS.
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Y rpyaHi 2010 poky, Xxo4a NUTaHHS, WO CTOCYOTbCS Oe3neku, Wwe He BUPILLEHI
Linkom, [epxaBHa iHCnekKuisa s4epHoro peryntoBaHHA YkpaiHu
(OepxaTtomperynioBaHHs) Hagana 20-piyHe NpodOBXEHHS CTPOKY ekcniyaTtawil
ansa eHeprobnokie Ne 1 ta Ne 2 PiBHeHcbkoi AEC. Y 2011 poui cTtpec-Tectn
nokasanu, o ykpaiHceki AEC BignogigatoTe nuwe 172 3i 194 Bumor BignosigHo
no ctaHgapriB 6e3nekn MATATE, ony6nikoBaHux y 2000 poui . 3anpoBagXeHHsI
HeobXiaHMX YOOCKOHAaNeHb TPMBAE 3riAHO 3 MAKETOM OHOBIEHHS, AKMIA OXONIIHOE
KomnnekcHy (3BeaeHy) nporpamy niasuwieHHs 6e3neku (K(3)IMMNB). 3aBepLueHHs
nporpamMu Kinbka pasis Bigknaganocsd. 3apas 3aBepLUeHHs nnaHyeTbca Ha 2023
PiK.

HepxaTtomperynioBaHHs 6epe yyacTb Y 3axogax 3axiqHOeBpONenCcbKoi acouiauii
anepHux perynstopis (WENRA) sk cnoctepiray 3 2009 poky. Y 2014 poui
acouiauis onybnikyBana nepernsHyTy Bepcito [oBigkoBux piBHiB 6e3nekn (PB)
ONS ICHYIUNX peakTopis, Lo 6yna po3pobneHa Pobouoto rpymnoto 3 rapmoHisauii
peakTopiB (PITP). MeTow nepernsigy 6yno BpaxyBaHHS BUCHOBKIB, OTPMMaHNX
B pe3ynbTarti aBapii Ha Mepwwin dykycimcbkin AEC. OcHoBHUM oHOBreHHSIM [IPB
ctaB nepernsg nonoxeHHs F «3anpoekTHunm pexum  poboTu  iCHYHYMX
peakTopiB», WO, BracHe, BBOAUTb MOHATTA 3aMpPOEKTHOIO pexumy poboTu
icHytounx peaktopiB (3PPIP). OgHak, cnig 3asHayuTy, WO CTaHOM Ha 1 CiyHA
2019 poky B YKpaiHi He Oyno BnpoBamgpkeHo OPB 88 3 342 (WENRA RHWG
2020a).

AHani3 aBapin

Y npoueci ynpaniHHA aBapisiMv BaXXNMBUM MUTAHHAM € NiATPUMaHHS LiniCHOCTI
3axMCHOi 0DOONIOHKM B YMOBax Cepro3Hux asapii. CrpaTeria ynpaeniHHS
cepnosHummn asapismm (YCA) eHeprobnokis Ne 1 ta Ne 2 PiBHeHcbkoi AEC
I'PYHTYBaTUMETLCA Ha YTPUMaHHI po3nnaBy SAepHOro nanveBa BcepeauHi
Koprniyca nig TuckoM (yTpumanHs B kopnyci — YBK). OgHak ui 3axoau we He
BUKOHYIOTbCH. ba Oinblwe, akbu ul yHKUil0 BAaAnocs peanidyBaTtn, Taka
peanizauis nvwe 3meHwuna © pu3nK BUKMOY PagioOakTUBHUX PEYOBUH Y
BinNbLLIOCTI, ane He y BCiX CLeHapisx Ceprno3HuX aBapin.

Y OokymeHTi no OB[] He npeacTaBneHuii CUCTEMATUYHUIA aHari3 No3anpoOEKTHUX
asapin  (MMA). Tlepepbavanocs, WO AN pO3paxyHKy  MOXIUBMX
(TpaHckopOoOHHMX) Hacnigkie, Oyae 30epexeHa UiniCHICTb 3axXMCHOT 0BO0MOHKM.
Lle npunyweHHs He € BunpaBdaHuM. BukopuctoByBaHe —Oxepeno
pagioakTUBHOCTI ANA No3anpoekTHUX aBapii 6yno obpaHe Ha OCHOBI BMMOT
Ge3nekn eBponencbknx onepaTopiB Ans MPOEKTYBAHHS NIETKOBOAHUX PEAKTOPIB
(JIBP). OpHak Take obmexeHe [gKepeno padioakTUBHOCTI  MOXHa
BMKOPWCTOBYBATU nNue y TOMYy BMMNaAKy, SKWO enekTpocTaHuis 6yna
CMpOEKTOBaHa YM MOAEpPHi3oBaHa BIgNOBIAHWM 4YMHOM. Y BuNagky 3
eHeprobnokamm Ne 1 Ta Ne 2 PiBHeHcbkoi AEC npo Take MpPOEKTYBaHHS 4u
MOAEPHI3aLito He NOeTbCA.

B awnanisi aBapin y [JokymeHTi no OBl HeobxigHO BMKOPMCTOBYBaTWN MOXIVBE
OXXepeno pafioakTUBHOCTI, OTPUMaHE i3 po3paxyHKy NoTo4YHoro AHanisy 6e3neku
npoekty 2. NMonpu Te, WO MMOBIPHICTb CEPNO3HNX aBapii 3 go4vacHuM Ta/abo
BESIMKUM BUKUOOM OIS iCHYHOUMX €NEeKTPOCTaHLUIN OLIHIOETLCA 9K OyKe Mana,
Hacnigku, CNpUYUHEH] LMK aBapiaMn, — [yKe CeprosHi.
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Y Oygb-akomy Bunagky, LokymeHT no OB[ noBMHEH MICTUTM BUYeEpHE
0BrpyHTYyBaHHA BMKOPUCTOBYBAHOMO [Xeperna pafioakTMBHOCTI. B npuHuuni,
no3anpoekTHi aBapii MNoBMHHI Oyt uvactuHowo OBJl, HesanexHo Big X
BipOrigHOCTI.

LLlo6 ouiHMTK Hacnigku No3anpoeKTHUX aBapin, He0bXigHO NpoaHanidyBaTu Linui
psia cepno3HMX aBapin, BKITHOYAUK Ti, WO MICTATb BiAMOBY Ta 0amnac 3axmcHoil
obonoHku. Taki cepro3Hi aBapii UinkoM MOXNuei Ans peaktopis Tuny BBEP-
440/B-213.

B pesynbTati ctpec-tectiB €C Ha ykpaiHcbkmx AEC 6yno BussneHo 6arato
HeJonikiB ynpaBniHHA CEepMO3HUMK aBapismMu, To6TO 3anobiraHHs Cepro3HUM
aBapigaM | nomM'skweHHa X HacnigkiB. Perynatop Bumarae BcebiuHMX
yaockoHaneHb. [loganblli BOOCKOHANEHHS TakoX pPEeKOMEHAOBaHi rpynoto
ekcrieptHoro adanisy OO6’egHaHHs €BPOMENCHKUX aTOMHUX PerynaTopis
ENSREG. Lle oauH i3 npuknagis po3puBy MK CTaHgapTamu Ta BMMOramwu
6e3nekun Ykpainm T1a €C.

CTpec-TecTM nokasanu, Wo nicnsg gecAtwuniTe nporpam 6es3nekn yKpaiHCbKi
peakTopu MpPOAOBXYOTb CTAHOBUTU BUMHATKOBO BWCOKMIA PpuU3uK. [porpamm
MOCTINHOTO OHOBIEHHSI He Aanu obiusiHMX pesynbTaTiB. [pyna ekcnepTHoro
aHanisy ENSREG Bkasana Ha ogHy 3 OCHOBHUX nNpobneM, siki XxapakTepHi ans
siaepHoi 6e3nekn B YKpaiHi: MOCTiiHE Ceplo3He 3aTaryBaHHs BNPOBaAXXEHHS
3axopiB 3 MoAepHisauii.

Ak eTanoH And BusBNEHHS OBIPYHTOBaHO MOXMIMBWUX CMOCOGIB noninweHb
6e3nekn ans eHeprobnokie Ne 1 Ta Ne 2 PisHeHcbkoi AEC cnig BukopucTtoByBaTh
aokymeHT WENRA «Llini 6e3nekun ans HOBMX eHepreTnyHnx peaktopie». OaHak,
y ookymeHTi no OB[l He 3ragytoTbes ui uini 6esnekn WENRA. HanamoGiTHiwa
meTa ©Oesnekn WENRA — 3MeHWMWTU NOTEHUINHI BMKMOW pagioakTUBHMX
peyoBuH y OOBKINNA BHAcCMigOK aBapil i3 po3nnaBoOM akTUBHOI 30HW peakTopa.
3a MeTy CTaBUTbCA NPaKTUYHO YCYHYTWU aBapii 3 pO3nnaBOM aKTUBHOI 30HMU
peaktopa, fki npusBenu 6 0o goyacHux abo Benukux BukMaiB. He moxHa
roBOPUTU NPO MPaKTU4HE YCYHEHHS MOCMiAOBHOCTI PO3BUTKY aBapii nuwe Ha
OCHOBI AOTPUMaHHS 3aranbHOI rpaHWYHOI IMOBIPHICHOI BenNnunHW. HaBiTb AKLWO
MMOBIPHICTb NOCMIAOBHOCTI PO3BUTKY aBapii Ay>Ke Hu3bka, Crig 3acTocoByBaTu
Oyab-aki  goOaTtkoBO  OOrpyHTOBaHi Ha npakTuLi  MPOEKTHI  0COBNMBOCTI,
onepaTtuBHi 3axoan abo npoueaypu ynpasniHHA asapigMu Ans NOoAAanbLIOro
3HWKEHHSA puanky. MOHATTA «NpakTMyHa nNikBigauisg» godYacHUX abo Benukmx
BUKMAIB HE 3ragyeTbes Yy AokymeHTax no OB[l ansa PiBHeHcbkoi AEC.

ABapii, cnpuynMHeHi npupoaHUMU NOAIAMM, Ta ouiHKa 06’ekTa

OuiHka 6e3nekn enekTpOoCTaHLi BpaxoByeE Taki NPUPOAHI KaTakniamu: NoBeHi,
eKkcTpemarnbHi onaan, aHoMarnbHO HU3bKUI piBEHb BOAM (BIACYTHICTE BOAWU ANd
OXONOPKEHHST), TOPHAA0, 3EMITETPYCU, CUITbHI BITPU, TYMaHU, rpo3n, XypTOBUHU
(cHiroBe HaBaHTaXeHHsl) Ta ekcTpemanbHi TemnepaTypu. Kpim TOro,
00roBoOpOTLCSA KAPCTYBaHHS Ta cydh03is (BKITHOYAUM KapCTyBaHHS Ta Cydosito,
CMPUYNHEHI JIANBHICTIO NIOANHN).

OuiHka NpUPOAHUX ABULLL, SIKi MOXYTb MaTh HeraTUBHUIA BNNuB Ha 6e3neky AEC,
obmMexeHa HEBENUKOK KiNbKICTIO BUAIB kaTakniamiB. B gokymeHTi no OB/ He
NPOAEMOHCTPOBAHO, WO B MpOLECi OuiHKM oB’ekTa BM3HAYEHO BCi MpUPOAHi
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KaTakmnisamu, siki cTocytoTbcsl ob’ekTa. [MoBHaA OUjiHKA, BKIHOYAOUM 3a3HauYeHi
Hwk4e eTann, nependayeHi WENRA (2014a, Jlitepa «T»), He 3givicHioBanacs.

nepe.ipka KaTakniamie i BUHa4eHHA KOMOiHaLi KaTakni3miB

OUiHKa KaTakniamiB

°
°
® BM3HAYEHHS MOAiN, L0 BKIOYEHI A0 NPOEKTHNX OCHOB
® po3pobka KoHLenLii 3aXncTy

°

aHani3 ymoB 3anpoeKTHOI poboTu peakTopa

MepeBipka kaTakniamiB i BW3HAYEeHHs KOMOIHAUiN KaTakmi3miB  MOBUHHI
noymMHaTUCA 3 BWYEPNHOrOo Nepeniky MpUMpPOOHUX KaTakniaMmiB (Hanpuknag,
WENRA 2015; DECKER & BRINKMAN 2017), wo06 NpOAeMOHCTpyBaTH, LLO
po3rnsigatoTbCs BCi BiANOBIAHI KaTakniaMy Ta KOMGiHaLii kaTakni3mis.

3rigHo 3 Bumoramm WENRA (2014) 6yB BM3Ha4YeHW CTyniHb Hebeaneku
KaTakmniamie Ansi BipOrigHOCTi BUHUKHEHHSA 10-4 Ha pik 3a OONOMOrOK OLHKM
KaTakniamiB onsi AEKiNbKOX, ane He BCiX KaTakniamiB, po3rnaHyTux y JoKyMeHTi
no OB[1. OgHak pe3ynbTaTu LbOro BU3HaYEHHS HE BUKOHYIOTLCS, o6 BU3HAUNTH
noAii, BKMOYEHi 0O NPOEKTHMUX OCHOB, Ta YiTKO pO3p0oOUTK ageKkBaTHI KOHUenLil
3axucTy, siki 6 Bignosiganu JosigkoBuMm piBHsaM 6e3nekn WENRA gns icHyroumnx
peaktopis (2014). OcobnvMBO Le CTOCYETbCS 30BHILLIHIX 3aTOMMeHb 4epes
ekcTpeMarnbHi  onagW, HWM3bkMA piBeHb BoAaM (BiACYTHICTb BoAM  AnNs
OXOJTOOKEHHS), CUMbHWI BiTEp, TOPHAAO, CHIrOBE HaBaHTaXXEHHS/CHIroBi Bypi Ta
eKcTpemarnbHi TemnepaTtypu. TOMy Hapasi BiACYTHIM HaneXxXHuh 3axucTt Big
KifTbKOX KaTaKri3amiB, WO € KpUTUYHO ANs:

® 3aTonneHHs BHACMiQOK ekcTpeMarnbHUX onagiB. HUWHIWHIA NpoekT 3axullae
nvwe Big noAin i3 MMOBIPHICTIO BUHUKHEHHA 10E-1 Ha pik. OdikyeTbcs, WO
noaii, LWo nepeBuLLYOTb MOTOYHUA MNPOEKT, MPU3BEAYTb OO CEPNO3HUX
Hacnigkis ans eHeprocuctemun. Lia nvosipHicTb nepesuileHHs y 10E3 pasis
Ginblia 3a 4acToTy MEPEBMLLEHHS ONSA MOAIN, WO BKIOYEHI OO MPOEKTHUX
OCHOB, Ky BUMarae 3actocosyBaTun WENRA.

® CunbHun BiTep, wono sakoro [dokymeHT no OB[ cBiguuTb, WO LITOPMU 3
iMOBIpHICTIO BUHMKHEHHS 1,40E-3 moXyTb npu3BecTu A0 Buxogy 3 nagy
OCHOBHOI CUCTEMW BOONOCTaYaHHS.

@ [locyxa Ta BiACYTHICTb PiYKOBOI BOAM ANS1 OXOMNOOXKEHHS.

Mu NOBUHHI NPUNYCTUTHK, LLO HM3bKa CTIKICTb OXONOAXKYBarnbHOI CUCTEMM NPOTH
BiTPOBMX HaBaHTaXeHb Ta iHWMWX METeOopOsoriYyHUX KaTakri3MiB € BaKITMBO
NPUYMHOID BUCOKOI YMOBHOI WMOBIPHOCTI MOLUKOKEHHSI aKTUBHOI 30HMU
BHacnigok BiAMOBM OCHOBHOI CUCTEMU BofonocTavaHHs. Lia MMoBIpHICTb
BKasaHa 3 iHgekcoMm 6,93E-03. Take BUCOKe 3HAYEHHS YaCTOTU MOLUKOMKEHHS
aKTMBHOI 30HW peakTopa € HEMPUAHATHUM Yy MOPIBHAHHI 3 HOpMamu Ta
ouikyBaHHAMM 6e3nekun ons icHytounx AEC, ski gitoTb y 6inblIoCTi EBpONENChKMX
KpaiH .

KapcTyBaHHs Ta cydo3ia CTaHOBNATb 3HAYHy 3arpo3y Ans 6e3nekn PiBHEHCHKOI
AEC uyepe3 MOxnmBy Aectabinisadito r'pyHTY, Ha SIKOMY BCTaHOBIEHI KOpnycu Ta
3axucHi 060NOHKM peakTopis, OyaiBni, B AKMX PO3MILLYIOTbCS BiANOBIAHI cCnopyaw,
CMCTEMM Ta KOMMNOHEHTU 6e3nekn, Baxnumei A4nsa 6e3neku nigzemHi Tpybonposoau
Ta rpagupHi. IHdopmauisa, HagaHa B [okymeHTi no OB[l, goBoauTb, WO
ekcnnyatauis AEC npusBoguTb 0O TPMBANoro NpoCoYyBaHHSA BEJUKOI KilTbKOCTI
TEXHIYHOI BOAM, sika MOTEHLIAHO MOXe 36inbluMTWM KapcTyBaHHA Ta cydosito i
gectabinizyBatu rpyHTU. OCKiNbKM ANS CNPUYUHEHUX NIIOONHOIO KapCTyBaHHA Ta
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cydosii BNacTvBi MexXaHi3aMn CamMOpO3BUTKY, MOXHa O4iKyBaTW, LLO 3HAYEHHS
IXHbOI 6Ge3nekun 3pocTaTume nig Yyac ManbyTHLOI ekcnnyaTadii AEC.

HasisBHun JokymeHT OBl MicTUTb nuwe HegocTaTHIO iHdopMaLito npo obcarun
MILUHOCTI peakTopiB LWOAO0 PIi3HUX TUMIB MNPUPOOHUX KaTakniamis. YMOBMU
3anpoekTHoi poboTn peaktopa (Y3P) He aHani3yloTbCs, WO cynepevmTb BUMO3i
WENRA npo Te, wo aHania Y3P noBMHEH NpoBogUTUCS 3 METOK NOAanbLLIOro
nigBULLEHHS 6e3nekn iCHYI4YMX aTOMHUX E€NeKTPOCTaHUin Ta MiABULLEHHS iX
34aTHOCTi MPOTUCTOATU CKMagHilwmMM nogiam abo ymoBam, HiK Ti, WO
po3rnsaaTbcs B NpOekTi. BignosigHi BumMorM Ta npouenypu nepenbaveHi
WENRA (2014a) ta WENRA (2014b). AscTpiicbka rpyna ekcneprtiB
pekoMeHayBana po3WMpUTK 3yCUinsa Woao aHanidy npupogHuX Katakri3miB i
po3pobuTK afekBaTHi KOHLUEeNUii 3aXMCTy Big NPUPOAHMX KaTakniaMiB BiANOBIAHO
no nigxogy WENRA go Y3P.

ABapii 3a yyacTi TpeTix cTOpiH Ta )aKTOpPiB TEXHOreHHOro BNJIMBY

TepopuCTUYHI aTakm Ta AMBEPCINHI AiT MOXYTb MaTh 3HAYHWIA BNAMB Ha A4epHi
00’eKTn Ta CNPUYMHUTIN CEPNO3HI aBapii, 30kpema, i Ha PiBHeHckkin AEC. OgHak,
BOHM He 3ragytoTbes B [lokymeHTi no OBL. Y nopiBHsNbHUX gokymeHTax no OB/
Taki NoAii po3rnsganucsa NeBHOK Mipoto.

Xoya 3anobikHi 3axoan NpoTU OMBEPCIMHMX Ai Ta TepakTiB He MOXYTb OyTh
getanbHO o6rosopeHi B npoueaypi OB[] 3 MipkyBaHb KOH®IOEHUINHOCTI,
HeobXigHi 3aKkoHOA4aBYi BUMOrM NoBUHHI ByTu BrknageHi B fJJokymeHTi no OB[.

IHdbopMaLiss nNpo TepopUCTUYHI aTakm npeactaenana 6 BenNUKWA iHTepec,
BPaxOBYKOUM 3HAYHI Hacnigkv noTeHuiiHmx aTtak. 3okpema, JokymeHT no OB[
NOBWHHI MICTUTU fOeTanbHy iHOpMAaUilo NPO BMMOMM OO MPOEKTYBAHHA Ha
BMNadoK LiNbOBOi KaTacTpodu KoMepuiHoro nitaka. Lia Tema mae ocobnuse
3Ha4YeHHs!, OCKiNbKM koprycu eHeprobrnokie Ne 1 ta Ne 2 PiBHeHcbkoi AEC
Bpa3nuBi 40 TepakTiB (BKMOYao4n aBapito fitaka).

HelloaaBHs ouiHka saepHoi 6e3neku B YKpaiHi Bkadye Ha HeAOMKN Yy MOPIBHSAHHI
3 HeoOxigHUMM BuMoramu: |Hoekc Gesnekn sgepHux Matepianis NTI-2020
OUiHIOE YMOBU siAepHOI Ge3neku, MOB’si3aHi i3 3axucToM saepHux o6’ekTiB.
OTpumaBLum 3aranbHun 6an 65 3i 100 MoxnmBux, YkpaiHa nocina nuwe 29 micue
cepep 47 kpaiH, L0 CBiAYMTb NPO HM3bKMI piBEHb 3axmncTy. Cnig 3asHaunTy, Wwo
HM3bKi 6ann y kateropiax «3anobiraHHsa BHYTpIiLWHIN 3arposi» Ta «Kibepbesneka»
BKa3ylOTb Ha HedomnikM y LUMX MuMTaHHAX. PekoMeHayeTbca  3anpocuTu
MixxHapogHy KoHCynbTaTuBHY cryx0y 3 disnyHoro 3axucty (IPPAS) MATATE,
fka HagaBana [JOoMoMOry AepXaBaM Yy Mpoueci 3MiLHEHHS HauioHanbHMX
pexuMiB, CUCTEM i 3axogiB y LapuHi saepHoi beaneku.

TpaHCKOPAOHHI BNNMBU

BukopuctoByBaHe mxepeno papgioaktuBHocTi ans  Lesiio-137 (30 TBk)
Nno3anpoeKTHOI aBapii OyB BU3HAYEHUIA HA OCHOBI OOMEXEHOT BENUYUHY BUKNAY
BiONOBIAHO A0 BUMMOr 6e3nekn eBpPOMNENCbKUX onepaTtopiB. MpunyLweHHsa Takoro
BiJHOCHO MOMIpPHOro [mKepena pafioakTUBHOCTI He € BunpaBgaHum. Lle
obMexeHe mxepeno padioakTUBHOCTI MOXE BMKOPWUCTOBYBaTUCH Nule y TOMY
BMNadKy, SKWO enekTpocTaHuia ©Oyna cnpoekToBaHa 4YM MOAEpPHiI30BaHa
BiANOBIOHUM YMHOM. Y Bunagky 3 eHeprobrnokamm Ne 1 Ta Ne 2 PiBHeHcbkoi AEC

Umweltbundesamt B REP-0754, Vienna 2021 23



EIA Rivne 1&2 Lifetime Extension— PE3KOME

24

NpPo Take MPOEKTYBAHHSA YM MOAEPHi3aLito He NOEeTbCSA. Y XOAi MPOEKTY OLiHKK
pusnkis O6yno 34iMCHEHO OUuiHKY [QKepena padioakTMBHOCTI, ska And
eHeprobnokie Ne 1 Ta Ne 2 PiBHeHcbkoi AEC BCcTaHOBUIIA MOXITMBE D)KEpero
pagioaktmBHocTi ana Lesio-137 Ha piBHi 76 500 TbBk. Take ppxepeno
pagioakTUBHOCTI MNoB’s3aHe 3 (OYHKUIOHYBaHHAM eneKkTpocTaHuii y Bunagky
CUIbHOT aBapii Ta MOXMBOro BMKUAY.

[nsa eHepro6nokiB Ne 1 Ta Ne 2 PiBHeHcbKkoi AEC He MOXXHa BUKIHOYATU CUIbHI
aBapii 3 BUKMAaMM 3HA4YHO BULLMMU, HiX nepeabavaetbest B [lokymeHTi no OB[.
Taki Hanripwi BUNagKky NOBUHHI ByTW BKMOYEHI B OLLiHKY, OCKINbKW iXHi Hacnigku
MOXYTb LUMPOKO PO3MNOBCIOAXYBaTUCA Ta OyTM AOBroTpMBanuMMu, a Big HUX
MOXYTb MOCTpaxdaTh HaBiTb KpaiHW, ski 6e3nocepedHbO He MeXylTb 3
YkpaiHoto, Hanpuknag, ABCTpisi.

Ockinbkn He Oyno npoBedeHO aHanidy Halripwux cueHapiiB, BWCHOBOK
HOokymeHTa no OB[] wopo TpaHCKOPAOHHWX HACNigKIB HE MOXHa BBaXaTtu
[OCTaTHbO JOBEOEHMM.

PeaynbTaTv NPOEKTY OLIHKM PU3KKIB NOKa3anu, WO Nicns CUNbHOT aBapil cepegHe
3HayeHHsa BigknageHHs Llesito-137 y rpyHT Ha OGinbwocTi Teputopin ABCTPIi
MOXyTb  OyTM  BuMWMMWM 3@  Mopir, BCTAHOBMEHWA  Onis  3axojis
CiNbCbKOrocnogapcbkoro BTPYYaHHs (Hanpuknag, godvacHui 36ip  ypoato,
3aKpuUTTa Tennuub). Tox ABCTPiS MOXe CyTTEBO NOCTPaXAaTu Bif CUNbHOI aBapii
Ha eHepro6rokax Ne 1 Ta Ne 2 PisHeHcbkoi AEC.
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1 INTRODUCTION

The nuclear power plant Rivne is located near the town of Varash in the Rivne
Oblast, Ukraine. At the Rivne site, four reactors are in operation. Rivhel&2 are
the oldest of these reactors, they were connected to the grid in 1980 and 1981,
respectively. While Rivne 1&2 are VVER-440/213 reactors, Rivne 3&4 are VVER-
1000/320 with grid connection in 1986 and 2004.

The NPP is owned by the State Enterprise “National Nuclear Energy Generating
Company Energoatom”, in short Energoatom.

For the lifetime extension of Rivne 1&2, the Ukrainian side is conducting an En-
vironmental 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 until 15 January, 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 Document.

The objective of the Austrian participation in the EIA procedure is to minimise or
even eliminate possible significant adverse impacts on Austria which might result
from this project.
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2 OVERALL AND PROCEDURAL ASPECTS OF
THE ENVIRONMENTAL IMPACT
ASSESSMENT

In this chapter overall and procedural aspects of the Environmental Impact As-
sessment (EIA) procedure are discussed, including the evaluation of the com-
pleteness of the provided documents and the fulfilment of the requirements of the
Espoo Convention.

An EIA Document consisting of seven books was provided by the Ukrainian side
in form of a pdf with 1,463 pages. It is available at the website of the Environment

The seven books are quoted in this expert statement as follows:
® EIA Report Book1-7 (2018)

Book No. 3 is additionally divided into five volumes (some volumes are called
sectors), these are quoted as follows:

® EIA Report Book 3 Vol 1-5 (2018)

2.1 Treatment in the EIA Document

Procedure

No information was given in the EIA Document on the further steps of the EIA
procedure including the final decision, and on following steps of the licensing pro-
cedure.

Alternatives

The decision for the Rivne site before construction start has been taken for the
following reasons: low fertility of sandy land and large distance from densely pop-
ulated areas. In 1973, the density of population in this territory was 55 per-
sons/km?, while today’s population in Varash is 3,684 persons/km?. (EIA REPORT
Book6 2018, p. 1390)

Each year, the Rivhe NPP generates about 13 % of the total electricity amount
generated in Ukraine, it is also a heat source for the nearby industry.(EIA REPORT
Book6 2018, p. 1390) No further data on electricity demands and supplies in the
Ukraine were provided in the EIA Document.

2.2 Discussion

Procedure

The EIA Document did not provide information on the procedure, neither the EIA
procedure nor the following steps of the licensing procedure.
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The current license for Rivne 1&2 is valid until 31 December 2031. It was issued
in 2010 after an application of Energoatom for lifetime extension of 20 years after
the end of the 30 year original lifetime. Ukraine did not undertake an Environmen-
tal Impact Assessment (EIA) in 2010. This approach was found to be in violation
of the Espoo Convention. (UNECE 2014) The EIA procedure, which the Espoo
Implementation Committee demanded in 2014, is conducted now, after long de-
lays.

Under the Espoo Convention case “EIA/IC/Cl/4 Ukraine” more information on
the procedure is available.

In 2014, the Espoo Implementation Committee recommended:

(f Invite Ukraine to notify potentially affected Parties — taking into account that
“potential impacts extend not only to neighbouring countries, but may also be
long-range (cf. MP.EIA/WG.1/2003/3, para. 8) — about the extension of the life-
time of reactors 1 and 2 of the Rivne NPP, as required under the Convention, in
due time, before the next periodic safety review due in 2020, and to undertake all
subsequent steps, as appropriate, in line with the Convention;” (UNECE 2014, p.
23)

The Meeting of the Parties to the Espoo Convention agreed that Ukraine needs
to conduct an EIA for the lifetime extension of Rivhe 1&2. In 2017, Ukraine noti-
fied potentially affected parties, among them Austria, on the EIA. (UNECE 2017,
p. 6) In 2018, Austria had indicated to Ukraine its wish to participate in the trans-
boundary procedure and had requested Ukraine to expand the scope of the en-
vironmental impact assessment to include in sufficient detail the extent to which
Austria could be affected by severe accidents. (UNECE 2018a, p. 7)

In 2020, Ukraine provided Austria with the EIA Document and in November 2020
the public participation phase started.

The Espoo procedure is still open. The Espoo Implementation Committee asked
Ukraine in several documents for more clarity about the proposed lifetime exten-
sion activity and the subsequent steps, for provision of time-frames and for more
information on public participation. Also clarification of the nature of the proposed
decision was asked for.(UNECE 2018a, p. 7; UNECE 2018b, p. 8)

The current state of this Espoo procedure is Draft Decision Vlll/4e which has
been discussed at the Meeting of the Parties in December 2020. Again, Ukraine
was asked to complete the trans-boundary EIA procedure and to conclude con-
sultations with the affected parties (including Austria). Noteworthy is that Ukraine
is asked to ‘“revis[ing] its final decision on the lifetime extension of reactors 1 and
2 of the Rivne nuclear power plant, taking due account of the outcomes of the
environmental impact assessment procedure, including the environmental impact
assessment documentation and comments received from the affected Parties”,
and to ‘provid[ing] the revised final decision to the affected Parties, along with the
reasons and considerations on which it was based” (UNECE 2020, p. 2f.)

This Espoo Decision shows that it is still not clear if and how the results of the
ongoing EIA procedure will be taken into account by the Ukrainian side.

In 2010, a periodic safety review for Rivne 1&2 had been conducted before the
license was prolonged after the original 30 years of operation. (UNECE 2014,
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p. 21) In Ukraine, every ten years such a periodic safety review (PSR) has to be
undertaken. Therefore, in 2020 the next PSR was due. According to the website
of the State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) a safety reas-
sessment has been undertaken in November 2020. (SNRIU 2020c)

On 16 December 2020, SNRIU already decided upon amendment of the EO
000943 series license for Rivne 1 until 22 December 2030. (SNRIU 2020b) But
the Espoo Implementation Committee had recommended to conduct and finalise
the EIA before the next PSR was finished, that would have been before the li-
cense was prolonged.

Alternatives

In every EIA, alternatives have to be discussed and assessed for their environ-
mental impacts. However, in this EIA Document alternatives were not discussed.
Data on the future energy demand were not presented.

Concerning the site, it was mentioned that the population density of the Varash
region now is 67-fold higher than in 1973. The number of 3,684 persons per km?
is high when compared to the region of Aachen (in the vicinity of the Doel NP site)
of 783 persons per km2.% The city of Vienna has an average population density
of about 4,000 persons/km?2.” Such a high population density should be an argu-
ment for re-considering if the site is still suitable for a NPP.

2.3 Conclusions, questions and preliminary
recommendations

The original license has been issued for 30 years and was prolonged in 2010 until
December 2030. The project of the lifetime extension of Rivhe 1&2 is violating
the Espoo Convention because the Environmental Impact Assessment has not
been conducted in 2010. The “EIA/IC/CI/4 Ukraine” case under the Espoo Con-
vention started in 2011 and is still open. In December 2020, the Meeting of the
Parties to the Espoo Convention asked Ukraine to revise its final decision on the
lifetime extension of Rivne 1&2, taking due account of the outcomes of the EIA
procedure.

This Espoo procedure shows that it is not clear if and how the results of the on-
going EIA procedure will be taken into account by the Ukrainian side. Further-
more, the next steps of the licensing procedure are not clear.

According to the Espoo Convention a description and an assessment of reason-
able alternatives and also the no-action alternative have to be included in the
environmental impact assessment documentation. In this regard the EIA docu-
mentation is not sufficient.
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Questions

1. How will the results of the EIA be taken into account?
2. What are the further steps in the licensing procedure?

Preliminary recommendation

1. Energoatom and the State Nuclear Regulatory Inspectorate of Ukraine
SNRIU should provide adequate information on the EIA procedure and
the further licensing procedure.

2. Alternatives of the lifetime extensions and the no-action alternative
should be included in the EIA Document.

3. It is recommended to enable public participation in environmental as-
sessments of nuclear projects according to the requirements of the Es-
poo Convention at a time when all options are still open.
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3 SPENT FUEL AND RADIOACTIVE WASTE

In this chapter the planned management of the spent fuel and radioactive waste
generated by the lifetime extension of Rivne 1&2 is assessed.

3.1 Treatment in the EIA Document

Radioactive waste of the Rivne NPP is currently not transferred to long-term
storages. The facility for the long-term storage of conditioned radioactive waste
TsPPVV (in the Chernobyl exclusion zone) is not prepared to receive the radio-
active waste yet. (EIA REPORT BOoK 5 2018, p. 1202)

For conditioning of the solid radioactive waste, the “complex for radioactive waste
processing (CRWP)” is being built. The CRWP is jointly constructed with the Eu-
ropean Commission under the framework of TACIS. In 2018, the “hot test phase”
was planned to be conducted, which should be followed by start of operation (EIA
REPORT BooOK 2 2018, p. 240) The planned operation time is until the end of the
lifetime of Rivne-4. (EIA REPORT BOOK 2 2018, p. 242)

Spent fuel is stored in the spent fuel pool near the reactor for a certain time span.
According to an agreement between Ukraine and the Russian Federation from
14 January 1993, the spent fuel is afterwards transported to the Russian Feder-
ation for reprocessing in the Mayak facility. Ukraine is obliged to take back the
vitrified high level waste (HLW) resulting from reprocessing. (EIA REPORT BOOK
2 2018, p. 260)

Due to economic assessments the storage of spent fuel in the Ukraine was justi-
fied as the preferable option compared to transport to Russia in 2009. The con-
struction of an interim storage facility for spent fuel is planned and has been li-
censed 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 storage facility will be used for the
spent fuel from Rivnhe, Khmelnitsky and South Ukraine NPPs, the total capacity
will be 12,500 spent fuel assemblies from VVER-1000 and 4,000 from VVER-
440. It will be operating for 100 years. (EIA REPORT BOOK 2 2018, p. 258f.)

No final repository for the spent fuel and HLW is planned yet, the Ukraine defers
this decision to a later point in time. (EIA REPORT BOOK 2 2018, p. 258)

3.2 Discussion

The Espoo Convention specifies that the EIA Report has to include information
on the potential environmental impact of the proposed activity, and on the mitiga-
tion measures to keep adverse environmental impacts to a minimum. (ESpoo-
CONVENTION 1991 Appendix 2) Spent fuel and radioactive waste can cause ad-
verse negative impacts on the environment, which need to be avoided or miti-
gated by a nuclear waste management fulfilling international safety and security
standards.
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The EIA Document did not provide volumes and activities for radioactive waste
and spent fuel arising from the lifetime extension and the following decommis-
sioning of the reactors. The inventory of the vitrified high level waste from repro-
cessing of the spent fuel that has been transported to the Mayak facility in the
Russian Federation was also not given.

Once the transport to the Russian Federation will have come to an end, the spent
fuel will have to be stored in an interim storage facility. The EIA Document did not
explain the status of the planned interim storage facility CSFSF that is con-
structed by Holtec International in the Chernobyl exclusion zone. Will it be ready
when needed, will it have enough capacity?

No information is given on the final repository for spent fuel and HLW.

No information is given on availabilities and capacities of interim and final stor-
ages for low and intermediate radioactive waste.

It will be welcomed if the Ukrainian side provides more information on its national
nuclear waste management plan that is in force, and the status of its implemen-
tation, including information how the necessary resources will be made available.

3.3 Conclusions, questions and preliminary
recommendations

The EIA Document is lacking important information on the management of the
spent fuel and radioactive waste from Rivne 1&2. The expected inventory of spent
fuel and radioactive waste resulting from the lifetime extension is not given.

Information on the status of the central interim storage where the spent fuel from
Rivne 1&2 shall be stored (CSFSF) is lacking. No information on the final repos-
itory of spent fuel and high level waste, including the vitrified HLW resulting from
reprocessing in Mayak/Russian Federation, was given.

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..

Questions
1. What is the expected inventory of spent fuel and radioactive waste from
the lifetime extension of Rivne 1&2?

2. What is the status of the central interim storage facility for spent fuel
(CSFSF)?

3. Is an international cooperation for final disposal of spent fuel and/or radi-
oactive waste planned?

4. Which interim and final storages for radioactive waste are in operation in
Ukraine, will their capacity be sufficient to dispose of all radioactive waste
from the lifetime extension and decommissioning of Rivne 1&2?

5. How can the safe storage of spent fuel and radioactive waste be ensured
if the interim storages and final disposals will not be ready in time?
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Preliminary recommendation

1. To demonstrate the safe management of nuclear waste detailed infor-
mation 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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4 LONG-TERM OPERATION OF REACTOR TYPE
VVER 440

4.1 Treatment in the EIA Document

Book 2 deals with the general characteristic of the Rivne NPP. In the introduction
nuclear energy is called a reliable source of power supply and that is has a lead-
ing role in addressing energy needs of Ukraine. The nuclear power plants pro-
duce about 50% of the electricity consumed in the country. The lifetime extension
of the operating nuclear power units is defined in the “Energy Strategy of Ukraine
for the period up to 2030” as one of the necessary conditions for implementation
of goals and tasks of this strategy. (EIA REPORT BoOK2, 2018)

The entity SS Rivne NPP is a separate subdivision of the state enterprise “Na-
tional Nuclear Generating Company “Energoatom” (SE NNEGC Energoatom)
which the operating company responsible for safety of all nuclear power plants in
Ukraine.

The Rivne NPP is located in the western Polissya, in the northern west of Rivne
Oblast, nearby the Styr River.

Figure 1 shows the layout of the buildings of the Rivne NPP

Explicaiton of buildings and structures of SS
“Rivne NPP*
1 NPP site
2 Power Units 1 and 2
3 Power Unit 3
4 Power Unit 4
5 Cooling towers of Units 1 and 2
6 Cooling towers of Unit 3
7 Cooling towers of Unit 4
8 Sprinkling ponds of Group A loads cooling system
of Units 3 and 4
9 Sprinkling ponds of Group B loads cooling system
of Units 3 and 4. including the backup pond
10 Open switchgear 110-330 kV
11 Auxiliary building of Units 1 and 2
12 Auxiliary building of Units 3 and 4
13 Radioactive waste processing and storage
building
14 Sludge collector
15 Fire house
16 Auxiliary water processing facility
17 Auxiliary boiler
18 Unified auxiliary facility
19 Diesel-generating standby electric power station
20 Open switchgear

Source: EIA REPORT BOOK 2 2018 umweltbundesamt®

In 1971, the design work for the Western Ukrainian NPP started, later it was re-
named Rivhe NPP. The power plant supplies the western part of the country with
electricity. Rivne NPP is delivers heat not only for the plant site but also the town
of Varash and the village Zabolottya.

Rivne NPP was the first nuclear power plant in Ukraine with a water-water power
reactor of the VVER-440 type. The unit’s construction started in 1973. The two
units with VVER-440/V213 reactors were put into operation in 1980-1981, and
the third power unit with VVER-1000/320 reactor was commissioned in 1986.0n
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October 16, 2004 the power unit 4 of Rivne NPP was put into operation.8The
design lifetime of all operating power units of Ukraine is 30 years.

T
E

he plant design includes the following basic safety principles according to the
IA Document:

establishment of the physical barriers on the way of radioactive material re-
lease (fuel matrix, fuel element cladding, reactor coolant boundaries, contain-
ment of the reactor facility, biological shielding);

availability of special safety systems, which are designed on the principle of
parallel trains that perform one and the same function;

introduction of the principles of independence, redundancy, physical division
and consideration of every incident during establishment of the safety system;

high technical characteristics of localization system that prevents of radioactive
releases into the environment;

high level of process control and automation system, including elimination of
emergencies during the most responsible phase (primary) of the accident with-
out personnel actions;

safety provision under the conditions of external impacts, specific for the sites
under consideration, including natural and man-made impacts;

application of the conservative approach to selection of the technical solutions
that influence the safety;

introduction of measures and technical solutions aimed at:

e protection of the isolation systems during design-basis accidents;

e prevention of the initiating event transition into the design-basis accident;
® mitigation of accident consequences which were not prevented;

possibility to verify and test the safety related equipment and systems to main-
tain them in an operable state;

® design and set-up of the controlled area and surveillance zone;

® ensure the quality as per requirements of the relevant regulatory documenta-

T

tion.

he system of technical and organizational activities, implemented in the plant

design, has five levels:

T

Level 1: Establishment of conditions to prevent violation of plant normal oper-
ation;

Level 2: Prevention of design-basis accidents using normal operation systems;
Level 3: Prevention of accidents using safety systems;

Level 4. Management of beyond design-basis accidents;

Level 5: Planning of activities for personnel and public protection.

he conclusion that the designs of the operating Ukrainian NPPs take into ac-

count all possible external extreme natural impacts was based on the results of

8

Construction of the power unit 4 of Rivhe NPP started in 1984, however, because of the
Moratorium on prohibition to construct nuclear objects on the territory of Ukraine, the further works
were suspended. After cancellation of the moratorium the power unit was examined, the program
for its modernization was developed.
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the “stress-tests” and the “Action Plan for unscheduled target assessment and
further safety improvement of Ukrainian NPPs taking into account events at Fu-
kusima-1”. It was conducted at the request of the State Nuclear Regulatory In-
spectorate of Ukraine (SNRIU) and European Nuclear Safety Regulators Group
(ENSREG). The plant safety, with all considered external extreme natural impacts
in the design, is justified in the Safety Analysis Report. The results of additional
reviews and walkdowns did not indicate the presence of any additional factors,
which influence the operability of the equipment that ensures safety of the plant;
operating Ukrainian NPPs have a safety margin with respect to external extreme
natural impact.

The conducted equipment qualification confirmed that the external hazards char-
acteristics are above the design values; to ensure long-term heat removal under
the conditions of extreme hazards the NPPs apply additional options of power
supply in case of loss of power and implement special activities for long-term
emergency heat removal.

The Safety Review Reports are periodically developed (in compliance with the
regulatory requirements). These contain the analysis of 14 Safety Factors
(SF):(EIA REPORT BOOK1, 2018)

— SF-1 “Power unit design”;

— SF -2 “Current state of power unit systems, structures and components”;
— SF -3 “Equipment qualification”;

— SF -4 “Structures, systems and components ageing”;

— SF -5 “Deterministic safety analysis”;

— SF -6 “Probabilistic safety analysis”;

— SF -7 “Analysis of internal and external impacts”;

— SF -8 “Operational safety”;

— SF -9 “Use of other NPP experience and scientific research results”;
— SF -10 “Organization and management”;

— SF -11 “Operating documentation”;

— SF -12 “Human factor”;

— SF -13 “Emergency preparedness and planning”;

— SF -14 “Impact of NPP operation on the environment”.
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4.2 Discussion

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

® Physical Ageing of structures, system and components (SSCs), which results
in gradual deterioration in their physical characteristics.

® Conceptual and Technological Ageing: obsolescence of technologies and de-
sign, i.e. the plants becoming out of date in comparison with current
knowledge, standards and technology.

Although aging is a safety issue for Rivne 1&2, it is not addressed in the EIA
Report. Only "Structures, systems and components aging" are mentioned as a
safety factor (SF) within the PSR.

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 var-
ious 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 ex-
ceeding of the designed maximum number of reactor trips and load cycle exhaus-
tion.

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 several undetected
failures exist, some of these failures threaten the safety of the plant. Failures
caused by ageing of material have the potential to aggravate an accident situation
or trigger an incident.

Choice of materials, design and manufacturing process influence the occurrence
and acceleration of ageing mechanisms. Due to lack of operational experience in
the earlier years of construction of nuclear power plants, the choice of materials
and production processes was not always the best choice.

To limit ageing-related failures at least to a certain degree, a comprehensive age-
ing management program (AMP) is necessary. AMPs include programs with ac-
celerated samples, in-service inspections, monitoring of thermal and mechanical
loads, safety reviews and also the precautionary maintenance or even exchange
of components, if feasible. Furthermore, it includes optimizing of operational pro-
cedures 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 gen-
erators and reactor pressure vessel heads can be exchanged. All components
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. But changes of mechanical proper-
ties often cannot be recognised by non-destructive examinations. Therefore, it is
difficult to get a reliable, conservative assessment of the actual state of materials.
Furthermore, the limited accessibility due to the layout of components and/or high
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radiation levels does not permit sufficient examination of all components. There-
fore, it is necessary to rely on model calculations in order to determine the loads
and their effects on materials.

The measures of the intensification of plant monitoring and/or more frequent ex-
aminations, coupled with appropriate maintenance both rely on the optimistic as-
sumption that cracks and other damage and degradation will be detected before
they lead to failure. However, this is not always realistic. Tracking the condition
of all the equipment is a complicated task for systems as complex as NPP. Once
the reactors have passed their design lifetime, the number of failures could start
to increase.

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

Topical Review of Ageing Management

The Topical Peer Review (TPR) as set out in Article 8e of Directive
2014/87/EURATOM (EU 2014) has been carried out in 2017. The first TPR fo-
cused on the Overall Ageing Management Programmes and four thematic areas:
electrical cables, concealed pipework, reactor pressure vessels and calandria,
and concrete containment structures. All participating countries made a self-as-
sessment and reported results in their National Assessment Reports .In the
course of the TPR, national results have been evaluated through the peer review
process, complementing the national assessments. The review identified generic
findings, namely good practices and expectations to enhance ageing manage-
ment (ENSREG 2018):

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

® TPR expected level of performance for ageing management is the level of per-
formance that should be reached to ensure consistent and acceptable man-
agement 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 implementation
of ageing management approaches at Ukrainian NPPs has begun then.

According to SNRIU (2017), the Standard AMP is the main document of the op-
erator and establishes overall requirements for the procedure for ageing man-
agement of components and structures and determines the scope and sequence
of LTO activities. The main drawback of the Standard AMP is that it combines
aspects of AM and LTO, while they should be governed by separate documents
of the operator. This drawback has been practically removed by the operator
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 implementation
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to SNRIU. SNRIU assesses and checks information provided in the operator’s
reports during scheduled inspections at NPPs, particularly in assessment of is-
sues 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 reviewed and, if necessary,
updated, in line with the new IAEA Safety Standard after its publication.
(ENSREG 2018)

Ageing management of electrical cables

Inspection findings for cables used in the containment are mainly positive. Some
cables that show unsatisfactory mechanical and capacity characteristics of insu-
lation in laboratory tests after accelerated thermal and radiation ageing are re-
placed.

The Automated Ageing Management System for Power Unit Components
(AAMS) is implemented, which is a separate software application integrated with
the lists, directories and classifiers of the Ukrainian equipment reliability data-
base.

SNRIU states that the proper attention is paid to the ageing management of elec-
trical cables at NPP units 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 systems with fire-
proof 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 par-
ticular in terms of improving accuracy of determining parameters, the SNRIU rec-
ommended the operator to continue the following measures on a permanent ba-
sis:
® analyze current research and development whose purpose is to perform ade-
gquate assessment (diagnostics) of current technical condition for piping, which
is deepened in the ground and is not easily accessible for examination;

® analyze current international experience in assessing the current technical
condition of these piping;

® involve specialized organizations having experience in designing, operating
and repairing similar piping in other industries, etc.
The peer review team criticized in regard of the AM of concealed pipework: In-
spection of safety-related pipework penetrations through concrete structures are
not part of ageing management programmes, unless it can be demonstrated that
there is an active degradation mechanism. The peer review criticized also the
scope of the concealed pipework included in the AMP because non-safety-re-
lated pipework which when failing might impact SSCs performing safety functions
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are not included. On top critic was directed toward the opportunistic inspection of
concealed pipework for not being undertaken whenever the pipework becomes
accessible for other purposes. (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 attention
to RPV ageing management. According to the specified aspects, new systems of
remote NDI of RPV metal condition are implemented at Ukrainian NPPs. There
are improvements in the methodology for calculation of fluence, thermo-hydraulic
parameters and strength calculation, which are reflected in TLAA used to justify
safety of reactor pressure vessel long-term operation.

To provide more reliable results of tests for the surveillance specimens already
removed from the reactor, the operator uses the reconstruction technology to in-
crease 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 programs to
improve reliability of the assessment of changes in RPV metal properties. Ac-
cording 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 pro-
gram is complicated by a number of factors that are still not resolved by the op-
erator.

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 analyses have
not taken into account the environmental effect of the coolant.(ENSREG 2018)

Ageing management of concrete containment structures

The experience gained with activities conducted on TCA based on the results of
instrumental, visual inspection and calculation of strength and carrying capacity
indicates that the revealed defects and damages have no effect on the carrying
capacity of the structures. Further operation (for the period of LTO) of contain-
ment structures is allowed in the design mode without restrictions, but on condi-
tion of the implementation of ageing management measures.

One of the important factors affecting the determination of tendon 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 the new
level is actually two or three times higher than the design level. Such a calcula-
tion, as a rule, is performed with activities on power unit preparation to LTO sep-
arately for each power unit, since the seismic level of sites varies and every con-
tainment has its own specifics, so the calculation is performed individually. Rele-
vant measures on AM are developed according to the calculation results.
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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 Management of
the Ukrainian NPPs.

Interesting to compare: In 2013 the Finnish Nuclear Regulator (STUK) published
a guide dedicated to ageing management. In addition, an expert group dedicated
to ageing management has been established in the authority (STUK) to oversee
how the licensees perform their duties in the ageing management of SSCs.
(UMWELTBUNDESAMT 2020)

Conceptual and technological ageing

The development of science and technology continuously produces new
knowledge about possible failure modes, properties of materials and verification,
testing and computational methodologies. This leads to technological ageing of
the existing safety concept applied 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 pro-
tection against external hazards. Older nuclear power plants have not been de-
signed 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
power plant has to consider the design base including the operational experience
of all other comparable plants. The Fukushima accident raised new concerns
since it revealed that the old units could have basic safety problems dating back
from the sixties or seventies when they were designed.

The old reactor types VVER-440/V213 have several design weaknesses, which
cannot be resolved by performing back-fitting measures. The VVER-440 reactors
are designed as twin units, sharing many operating systems and safety systems,
for example the emergency feedwater system, the central pumping station for the
essential service water system, and the diesel generator station. The sharing of
safety systems increases the risk of common-cause failures affecting the safety
of both reactors at the same time.

All VVER-440 type reactors (with the exception of Loviisa in Finland) have only a
basic level of containment. External hazards such as earthquakes, chemical ex-
plosions or aircraft impacts were not taken into account in the original design of
these plants. To overcome major shortcomings of the design, both Finnish VVER-
440/V213 reactors are equipped with Western-type containment and control sys-
tems.

The first units in Ukraine that have reached their original 30-year operation time
were the units 1 and 2 of the Rivne NPP. Although safety relevant issues, identi-
fied in 1999, were not completely solved, the State Nuclear Regulatory Inspec-
torate of Ukraine (SNRIU) granted 20-year lifetime extensions in December 2010.
The plant operator noted that more than USD 300 million has been invested in
the modernization of Rivne- 1&2 since 2004 (OECD 2012).
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The stress tests revealed that Ukrainian NPPs are compliant only with 172 of the
194 requirements according to the IAEA Design Safety Standards published in
2000.° Meanwhile, even this IAEA document is outdated; in January 2012 new
safety requirements were published by IAEA (IAEA 2012).

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?O:

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

Taking into account the results of the implementation of former safety upgrade
programs, the outcomes from joint IAEA-EU-Ukraine projects and strengthening
national regulatory requirements, the United Safety Upgrade Program (2010 —
2017) has been developed (BozHKOA et al. 2009). The implementation of neces-
sary improvements is on-going in the framework of the recently adopted Upgrade
Package (e.g. (C(I)SIP). According to SNRIU (2016), the implementation of
measures should be finished at the end of 2017. However, completion of the im-
provements was re-scheduled to 2023.

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
developed by the Reactor Harmonisation Working Group (RHWG). The objective
of the revision was to take into account lessons learned of the TEPCO Fukushima
Daiichi accident. (WENRA RHWG 2014a) Note: SNRIU participated in WENRA
activities as an observer since 2009.

A major update of the RLs was the revision of Issue F "Design Extension of Ex-
isting Reactors" introducing the concept of Design Extension Conditions
(DEC).The term design extension condition (DEC) has been introduced to
achieve consistency 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

9 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.

10In March 2013 the European Bank for Reconstruction & Development (EBRD) announced a EUR
300 million loan for comprehensive reactor safety upgrading to the end of 2017, matching EUR
300 million from EURATOM. The project should include up to 87 safety measures addressing
design safety issues comprising the replacement of equipment in safety relevant systems,
improvements of instrumentation and control for safety relevant systems and the introduction of
organizational improvements for accident management. (EBRD 2013)
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Figure 2:

Revised or new WENRA
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reference Levels

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:

® DEC A for which prevention of severe fuel damage in the core or in the spent
fuel storage can be achieved; and

® 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. Figure 2
lists the new and revised WENRA RL.

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: EQOPs and SAMGs 13
Issue R: On-site Emergency Preparedness 12
Issue T: Natural Hazards 19
Source: WENRA RHWG 2018a umweltbundesamt®

The State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) performed the
self-assessment of issues A, B, C, D, G, N, O, P, S. Figure 3 shows the status of
the self-assessment (November 2015) and the result of the peer-review (March
2016). It illustrates that at that time Ukraine had not implemented the new RL F
and T in the regulations.
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Ukraine announced the full implementation of the remaining 74 RLs into the na-
tional regulation until March 2018. However, it has to be noted that Ukraine has
not implemented 88 RL of the 342 as of 1 January, 2019, see Fehler! Verweis-
guelle konnte nicht gefunden werden.. (WENRA RHWG 2020a)
Figure 4:
Reported status of
implementation of 2014
RL in 2020
2
>
s
g
c
o
[
b
o
<
-
o
o~
O In progress but not yet harmonised M Already harmonised
* The remaining 34 RLs are not relevant for Lithuania
Source: WENRA RHWG 2020a umweltbundesamt®
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4.3 Conclusions, questions and preliminary
recommendations

Although ageing of the 40 years old structures, buildings and equipment is a
safety issue for the Rivne 1&2, it is not addressed in the EIA Report. It only refers
to "Structures, systems and components aging" being a safety factor (SF) within
the periodic safety review (PSR). The adverse effect of ageing depends also on
the inspection, restoration and protection measures taken. A comprehensive age-
ing management program (AMP) is necessary to limit ageing-related failures at
least to a certain degree. However, information of an ageing management pro-
gramme (AMP) is also not provided in the EIA Report.

Ukraine participated in the Topical Peer Review (TPR) “Ageing Management” in
the framework of the implementation of the Nuclear Safety Directive
2014/87/EURATOM, carried out in 2017/18. Several “areas for improvement”
were identified, i.e. deviation of the TPR expected level of performance for ageing
management that should be reached to ensure consistent and acceptable man-
agement of ageing throughout Europe. The results of the TPR and the activities
to remedy the weaknesses should be presented in the EIA Report, in particular
the very important safety issue of the RPV embrittlement should be discussed.

Although conceptual ageing is also an issue for the Rivne 1&2, the EIA Docu-
mentation does not deal with any of the known safety issues of the VVER-
440/V213 reactors. VVER 440/V213 units have several design weaknesses: the
reactor building and the spent fuel pool building are relatively vulnerable against
external events. VVER-440 reactors are designed as twin units, sharing many
operating systems and safety systems. The sharing of safety systems increases
the risk of common-cause failures affecting the safety of both reactors at the
same time.

This NPP design developed in the 1980s, only partly meets modern design prin-
ciples such as redundancy, diversity and physical separation of redundant sub-
systems or the preference for passive safety systems. The EIA Document neither
provides a description of the safety-relevant systems, nor information about the
capacities, redundancies and physical separation.

In December 2010, although safety relevant issues are not completely solved,
the State Nuclear Regulatory Inspectorate of Ukraine (SNRIU) granted 20-year
lifetime extensions for Rivhe 1&2. The stress tests revealed 2011 that Ukrainian
NPPs are compliant only with 172 of the 194 requirements according to the IAEA
Design Safety Standards published in 2000.1. Implementation of necessary im-
provements is on-going under the Upgrade Package. This includes the Compre-
hensive (Integrated) Safety Improvement Program(C(I)SIP). The completion of
the program was postponed several times. Completion is now scheduled for
2023.

SNRIU participates in the Western European Nuclear Regulators Association
(WENRA) activities as an observer since 2009. In 2014, WENRA published a

11 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 Ukrainian NPPs design 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
were published by IAEA (2012).
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revised version of the Safety Reference Levels (RLs) for existing reactors devel-
oped by the Reactor Harmonisation Working Group (RHWG). The objective of
the revision was to take into account lessons learned of the TEPCO Fukushima
Daiichi accident. A major update of the RLs was the revision of Issue F "Design
Extension of Existing Reactors" introducing the concept of Design Extension
Conditions (DEC). However, it has to be noted that Ukraine has not implemented
88 RL of the 342 as of 1 January 2019.

Questions

1.

What is the time schedule for the necessary improvement of the ageing
management programme (AMP) based on the findings of the Topical
Peer Review (TPR) based on Article 8e of EU Directive
2014/87/EURATOM?

What are the specific findings of the ageing management programme for
Rivne 1&27?

What are the results of Safety Factor (SF) 4 (structures, systems and
components ageing) of the last periodic safety review?

What are the results of the embrittlement of the reactor pressure vessels
(RPVs)?

Is the preparation of a systematic evaluation of the Rivne 1&2 design

deviations from the current international safety standards and require-
ments envisaged?

Which safety systems and Severe Accident Management (SAM) systems
are shared between the units?

To which extent were and will international documents (IAEA, WENRA)
be applied in a binding manner for the lifetime extension?

When will the WENRA RL be fully implemented in the Ukrainian regula-
tions? Is the application of the RL binding?

When will be conducted a review on whether the Rivne 1&2 meets the
WENRA RL requirements?

Preliminary Recommendations

1.

It is recommended to implement all available design improvements of
VVER-440/V213 reactor at the Rivne 1&2.

It is recommended to compare the design and features of the Rivne 1&2
with all requirements of WENRA RL F. In case of deviations, the reasons
for this should be explained.

It is recommended to provide the following further information:
a. detailed descriptions of the safety systems, including information on
requirements for the important safety-relevant systems and compo-

nents. Furthermore, detailed description of the measures taken to
control severe accidents or to mitigate their consequences.

b. Information about the applied national requirements and international
recommendations.
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c. comprehensible presentation and overall assessment of all deviations
from the current state-of-the-art of science and technology. This
presentation should include:

All deviations from the modern requirements for redundancy, di-
versity 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 approach in dealing with uncertain-
ties and non-knowledge and its effects on risk

Deviations from the state-of-the-art of science and technology
with regard to the detection methods used, the technical esti-
mates and calculation procedures.

Safety margins available for the individual safety-relevant com-
ponents and their respective ageing related changes compared
to the original condition.

d. Information about the ageing management program including:

46

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 (em-
brittlement), including definition and justification of appropriate
safety margins.
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5 ACCIDENT ANALYSES

51 Treatment in the EIA Document

Book 3, Volume 2 contains calculations of the radiation impact of radioactive re-
leases from Rivne NPP on the environment and the population during normal
operation and accidents. Calculations have been performed using PC COSYMA
software suite developed for emergency cases by the National Radiological Pro-
tection Board (UK).(EIA REPORT BOOK 3VOL. 2, 2018)

It is explained that all calculations have been performed for conservative condi-
tions of impurity propagation and radiation dose formation (at maximum doses).

Design basis accidents

The radiological effects of the following design basis accidents (DBA) were de-
termined:

® Maximum DBA (MDBA) The radioactive release of Cs-137 is 5E+11 Bq, the
total activity of the release is 7.17E+13 Bq.

® DBA: “Steam Generator Header Cover Lift-Up--Emergency Spike”. The re-
lease of Cs-137 is 5.30E+11 Bq, the total activity of the release is 4.35E+15
Bg.

® DBA: “Steam Generator Header Cover Lift-Up Pre-Emergency Spike”. The re-
lease of Cs-137 is 5.30E+11 Bq, the total activity of the release is 2.59E+14
Bg.

e DBA: “Hydraulic Lock Drop in the Spent Fuel Pool”. The release of Cs-137 is
5.8E+11 Bq, the total activity of the release is 5.34E+14 Bq.

® DBA: “Fuel Assembly Drop on the Reactor Core and FA Top Nozzles in the
Spent Fuel Pool”. Radioactive release of Cs-137 is6.50E+10Bq; total activity
of release is 1.05E+14Bq.

® DBA: “Spent Fuel Container Drop from Height of more than 9 meters”. Radio-
active release of Cs-137 is 7.3E+11 Bq, the total activity of release is 2.45E+12
Bg.

® DBA: “Fuel Assembly Drop on the Reactor Core in the Reactor”. Radioactive
release of Cs-137 is 8.2E+11Bq, the total activity of release is: 1.21E+14 Bq.

e DBA: “Impulse Tube Rupture beyond the Containment”. The activity of the Cs-
137 release is 7.40E+09Bq, the total activity of release is 1.32E+14 Bq.

e DBA: “Planned Cool Down Line Rupture”. The activity of the Cs-137 release is
3.70E+07Bq, the total activity of release is 6.80E+12Bq.

The MDBA with the dose of 0.316 mSv is the most hazardous DBA for humans
within a 1-year period. The DBA “Fuel assembly drop on the reactor core in the
rector” with the dose of 3.18 mSv is the most hazardous DBA for humans within
a 50-year period.

It continues by stating that in case of design basis accidents, the levels of uncon-
ditionally justified emergency intervention in case of acute exposure are not ex-
ceeded, the levels of prevented doses do not exceed the levels of unconditional
justification, there is no need for planning of basic urgent countermeasures, sup-
port countermeasures at such a level of prevented doses are not appropriate;
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equivalent individual doses for 1 year for the thyroid gland in children by inhalation
and for the entire body due to external exposure at the most adverse conditions
at the border and beyond the sanitary protection zone do not exceed the thresh-
old values of 0.3 Sv/year and 0.1 Sv/year, respectively.

Beyond Design Accident (BDBA)

Chapter 12 of the Book 3 Volume 2 described the impact of the radioactive re-
leases in case of a beyond design accident (BDBA). The activity of the Cs-137
release is 3.0E+13Bq (30 TBq), the total activity of release is 1.25E+18Bq.(EIA
REPORT BOOK 3, VoL. 2, 2018)

It is concluded that in case of a beyond design basis accident (BDBA), the levels
of unconditional justification for urgent countermeasures are not exceeded, there-
fore no countermeasures of any type are necessary.

It is stated that based on the calculation data, within 2 weeks of a BDBA at the
border of the SPZ (2.5 km) lower justifiability limits are exceeded, and shelter,
iodine prophylaxis in children and limited stay outside for both children and adults
may be needed, while at the border of the OZ (30 km), shelter and limited stay
outside are required.

In Book 2 of the EIA Report, it is explained that analysis of the radiation conse-
quences during the beyond design-basis accidents was performed in the frame-
work of the periodic safety review and during development of the severe accident
guidelines. (EIA REPORT BOOK 2, 2018)

During the development of the severe accident guidelines, analysis of the radia-
tion consequences was performed for the following severe accidents:

® | oss of coolant accident (LOCA), Dn2x850 mm, with combination of loss of all
AC-power;

® LOCA, Dnx850 mm, with combination of loss of all AC-power, not considering
the “failure” of ionizing chambers with filtered releases from the containment;

® Loss of all AC-power;

® Primary-to-secondary leak, Dn2x13 mm, with combination of loss of all 6kV
busses of emergency power supply system;

® Primary-to-secondary leak, Dn100 mm, with loss of all 6kV busses of
emergency power supply system. (EIA REPORT BOoOK 2, 2018)

5.2 Discussion

The “Safety Objectives for New Power Reactors” published by the reactor har-
monization working group (RHWG) Western European Nuclear Regulator's As-
sociation (WENRA) can be seen as the state of the art. These safety objectives,
formulated 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)
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The most ambitious safety objective is to reduce potential radioactive releases to
the environment from accidents with core melt. (Safety objective O3) Accidents
with core melt which would lead to early releases without enough time to imple-
ment off-site emergency measures or large releases which would require protec-
tive 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 imple-
mented. (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 con-
sidered with a high degree of confidence to be extremely unlikely to arise”.
(IAEA 2016)

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 degree
of confidence should take account of the assessed frequency of the condition and
of the degree of confidence in the assessed frequency. The uncertainties asso-
ciated with the data and methods should be evaluated, including the use of sen-
sitivity studies, in order to support the degree of confidence claimed. The demon-
stration should not be claimed solely based on compliance with a general cut-off
probabilistic value.

Although probabilistic targets can be set, “practical elimination” cannot be demon-
strated by showing the compliance with a general probabilistic value. No proba-
bilistic value can be accepted as a justification for not implementing reasonable
design or operational measures. The “practical elimination” can be demonstrated
by deterministic and/or probabilistic considerations, taking into account the un-
certainties due to the limited knowledge of some physical phenomena. 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
integrity or containment by-pass. The consideration of severe accidents should
be aimed at practically eliminating the following conditions (IAEA 2016b):

® “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;

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

® Severe accident conditions with an open containment — notably in shutdown
states;

® Severe accident conditions with containment bypass, such as conditions relat-
ing to the rupture of a SG tube or an interfacing system LOCA”.
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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 over-
pressure failure in most light water reactor (LWR) and has already been imple-
mented in several countries. It is not implemented at Rivne 1 and 2 yet.

Different approaches for cooling and stabilizing molten core are available. For
some of the smaller reactors in Europe the installation of in-vessel retention (IVR)
is considered for some plants. The modifications should enable the in-vessel re-
tention of corium by external cooling of the RPV. The IVR measure will be imple-
mented at Rivne 1&2 in the next years.

Then, the Rivnel&2 severe accident management (SAM) strategy strongly will
rely on retaining corium inside the pressure vessel. However, if all means to cool
corium inside the pressure vessel fail, a situation might arise, where the bottom
part of the reactor pressure vessel is damaged and molten corium falls into the
reactor cavity. Primary circuit depressurisation prevents high pressure scenarios
and vessel failure itself should not jeopardize the containment integrity in case
the reactor cavity is dry. But if water is present in the reactor cavity, it is pressur-
ized by interaction between molten corium and water.

The EIA Report should explain how the above-mentioned safety issues that en-
danger the containment integrity (containment bypass scenarios, cliff-edge ef-
fects in shutdown states) of the IVR concept are solved.

Stress test

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 identified
adequate measures to compensate for safety deficiencies revealed. In addition,
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 con-
vened on 20 November 2012 to hold an open meeting. The SNRIU Board identi-
fied additional safety improvements related to severe accident management to
take into account peer review recommendations.

The National Action Plan (NAcP) was developed at the beginning of 2013 to im-
plement recommendations of the peer review of stress tests at Ukrainian NPPs.
The National Action Plan is 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)
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The Ukrainian NAcP of 2013 listed 32 measures. A new measure (No. 33: Imple-
mentation of a Reactor Pressure Vessel External Cooling System) was added to
the NAcP in 2020. The deadline of the new measure is 31 December 2021.
(SNRIU 2020a)

A number of measures were defined before the Fukushima event and are subject
to the on-going “Comprehensive (Integrated) Safety Improvement Program for
Ukrainian NPPs” (C(1)SIP). Measures identified from the lessons of the Fuku-
shima 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 Up-
dated NAcP were extended. In 2013, the envisaged end of implementation was
December 2017. (SNRIU 2013) The envisaged end of implementation is now
2024. (SNRIU 2020a)

Contrary to statements made in the EIA Report, 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.

Re-assessment of the seismic hazard has been carried out between 1999 and
2010. The recently accepted design basis of 0.1g is in compliance with the IAEA
recommendation. However, the seismic evaluations for some parts of the equip-
ment, piping, buildings and structures important to safety are not yet completed;
furthermore, not all envisaged seismic safety upgrading measures are imple-
mented. Detailed analyses of seismic impacts are envisaged within PSA for ex-
ternal hazards as well as additional seismic investigations of NPP sites are nec-
essary.

The seismic hazard at the NPP sites is one of the issues the Ukrainian operator
and regulator did not devote the necessary attention to. But also after implement-
ing the envisaged back-fitting measures the protection against earthquake prob-
ably is not sufficient. Further back-fitting will prove necessary after the PSA sys-
tematically will have analyzed the threat of external hazards including floods and
fires that may be induced by seismic impacts. The same applies to the resistance
of the plant, because measure No 2 of the NAcP “Seismic resistance of struc-
tures, systems and components important to safety” is still ongoing (Deadline
2023).Measure No 2 is intended to ensure resistance to earthquakes for equip-
ment, piping, buildings and structures required to perform critical safety.

Regarding extreme weather events, the peer review team pointed out that spe-
cial attention should be paid to defining vulnerability in case of beyond design
basis tornado. Furthermore, safety margins with respect to extreme wind and ex-
treme snow are not evaluated. According to the NAcP, the impact of severe
weather conditions is to be considered in more detail within periodic safety review
(PSR). However, these will take place outside the scope of the stress tests pro-
cess.

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 supply
(SBO) the time span for operator actions to prevent core damage is only 10
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hours.2 The time available until the fuel stored at the Spent Fuel Pool (SFP)
heats up and reaches temperatures above the design limits is 16 hours.

Based on the stress test results, approaches were developed for alternative cool-
ing and heat removal. Measures have been developed to use mobile diesel gen-
erators and pumping units (MDGPUSs) for alternative emergency power supply,
makeup of steam generator (SGs) and spent fuel pools (SFPs) and emergency
water supply to safety relevant critical equipment. The following measures are
completed:

® Emergency power supply in long-term loss of power was implemented

® Measures to ensure SG makeup from mobile pumping units (MDGPUS) in case
of Station Blackout (SBO) were implemented

® Measures to ensure SFP makeup from mobile pumping units (MDGPUS) in
case of SBO were implemented

® Detailed analyses of primary system makeup in case of loss of power and/or
ultimate heat sink were to be performed.

® The functionality of safety relevant equipment was to be ensured.

® Symptom-oriented emergency operating procedures (EOPs) for management
of design-basis and beyond design-basis accidents in low power and shutdown
states were to be developed and implemented.

e Additional instrumentation was to be installed and existing instrumentation was
to be improved.

The impact of an accident on the Main and Emergency Control Rooms (MCR and
ECR) has not been analyzed and may be a relevant cause of a cliff-edge-effect
in the case of evacuation. Meanwhile, necessary iodine filters were installed to
ensure the habitability of MCR and ECR during accidents.

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

® Containment hydrogen control systems for beyond design-basis accidents
were implemented.

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

® Development and implementation of hydrogen mitigation measures for beyond
design-basis accidents (Deadline 2023)

® Implementation of a reactor pressure vessel external cooling system (Deadline
2021)

® Implementation of a containment venting system (Deadline 2023)
It should be noted that in Hungary an external reactor pressure vessel (RPV)

cooling to contain the molten corium in the RPV was a pre-condition for lifetime
extension at Paks NPP (same reactor type). (UMWELTBUNDESAMT 2020)

12 The modernization of Instrumentation and Control (1&C) and DC-power supply was planned within
the C(I)SP, which increases the discharge time of batteries (1 hour to 8 hours) and thus prolongs
the coping times.
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Furthermore, the following analysis are only planned, the time schedules for nec-
essary back-fitting are not mentioned:

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

@ Detailed analysis and development of conceptual solutions on management
with large volumes of contaminated water is ongoing (Deadline 2022) (post-
poned from 2016)

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

Overall the next years will be the prolongation of the status quo: An external event
can result in a severe accident, but at the same time the staff will not be able to
cope with a severe accident. This might result in very serious consequences:
Large radioactive releases from the reactor cores and the spent fuel pools.

Spent fuel pools

As mentioned in chapter 4, the spent fuel pools of the Rivne 1&2 are vulnerable
against external impacts (e.g. earthquakes or terror attacks).

The threat of a large breach of the spent fuel pool (SFP) was highlighted during
the Fukushima accident in 2011. To consider the (radiological) consequences of
an attack or extreme hazards it is important to distinguish two different scenarios:

® Toa):
If the SFP remains intact, but the pool cooling system fails and water gradually
boils off, it will take days or weeks (depending on amount and age of the spent
fuel in the pool) until the tops of the fuel assembles are exposed. During this
period of time, intervention could provide sufficient cooling of the fuel. In case
that the entire core has been unloaded into the pool at the time of the attack
intervention measures would have to be implemented during a few hours.

® Tob):
If an external event resulting in major damage to the SFP and loss of water
and refilling of water is not foreseen or possible, very severe radioactive re-
leases begin within hours. This leads to a dangerous challenge: As soon as
the water has drained out of the pool, not only the cooling, but also the shield-
ing effect of the water is lost. Fuel that has been extracted only a short time
earlier from the reactor would generate a relatively high amount of heat and
can reach a temperature of 900 °C within a few hours. At that temperature, the
fuel cladding made of zircaloy would burn in the air. The fire is very hot and
cannot be extinguished with water. Within the cooling pool it could spread to
older fuel assembles that would otherwise not heat up so rapidly. Thus, the
entire inventory of the cooling pool could melt. (ALvAREZ et al. 2003).

In this situation, the population would have to be evacuated during an ex-
tremely short time. Severe damage to the cooling pools would lead to consid-
erable release of radioactive substances. During the storage time of the spent
fuel the shorter-lived radionuclides are reduced, in particular the highly volatile
iodine-131. However, the inventory of the relevant radionuclide caesium-137
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remains high. According to a recent U.S. study, about 75 percent (10-90 per-
cent) percent of the caesium-137 inventory could be mobilized in the plume
from the burning spent fuel pool. (HIPPEL & SCHOEPPNER 2016)

According to Safety Reference Levels F4.1, the plant shall be able to prevent the
release of the radioactive material. WENRA Guidance on Issue F requires special
efforts to make severe accident in a spent fuel storage extremely unlikely with a
high degree of confidence, since measures for sufficient mitigation of severe ac-
cident consequences in spent fuel storages could be difficult to realize. (WENRA
RHWG 2014b)

Source Term used in the EIA Report

Book 2 of the EIA report states that analyses of the radiological effects of beyond-
design-basis accidents were performed as part of the periodic safety review. Sev-
eral accident scenarios are mentioned. But these source terms are not provided.

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

The used source term of a beyond design basis accident (BDBA) was chosen on
the basis of the limit value of the release of Cs-137 in the amount of 30 TBq
according to the safety requirements of the European operators for the design of
a light water reactors (LWR). However, this limited source term can only be as-
sumed if the plant has been designed or retrofitted accordingly. As explained
above, this is not the case for the Rivne 1&2.

5.3 Conclusions, questions and preliminary
recommendations

Maintaining containment integrity under severe accident conditions is an im-
portant issue for accident management. The Rivne 1&2 severe accident manage-
ment (SAM) strategy will rely on retaining corium inside the pressure vessel (in-
vessel retention - IVR). However, these measures are not implemented yet. Fur-
thermore, if this feature could be realized it would only reduce the risk of radioac-
tive release in most but not in all severe accident scenarios

A systematic analysis of beyond design basis accidents (BDBA) is not presented
in the EIA Document. To calculate the possible (trans-boundary) consequences,
it was assumed that the containment integrity will be kept up. This assumption is
not justified. The used source term of a beyond design basis accident (BDBA)
was chosen on the basis of safety requirements of the European operators for
the design of a light water reactors (LWR). However, this limited source term can
only be assumed if the plant has been designed or retrofitted accordingly. This is
not the case for the Rivne 1&2.

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

In any case, the EIA Report should contain a comprehensible justification for the
source term used. In principle, possible Beyond Design Basis Accidents should
be part of the EIA, irrespective of their probability of occurrence.

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 440/V213
reactor type.

The results of the EU stress tests have revealed a lot of shortcomings of the
severe 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 reac-
tors remain to be plants posing exceptionally high risk. The continuous upgrading
programs did not deliver the promised results. The ENSREG peer review team
pointed to one of the main problems, which are characteristic of nuclear safety in
the Ukraine: the constant severe delay of the implementation of upgrading
measures.

The WENRA “Safety Objectives for New Power Reactors” should be used as a
reference for identifying reasonably practicable safety improvements for the
Rivne 1&2. However, the EIA Document does not mention these WENRA safety
objectives. The most ambitious WENRA safety objective intends to reduce po-
tential radioactive releases to the environment from accidents with core melt. Ac-
cidents with core melt which would lead to early or large releases would have to
be practically eliminated. Practical elimination of an accident sequence cannot be
claimed solely based on compliance with a general cut-off probabilistic value.
Even if the probability of an accident sequence is very low, any additional rea-
sonably practicable design features, operational measures or accident manage-
ment procedures to lower the risk further should be implemented.The concept of
“practical elimination” of early or large releases is not mentioned for Rivne NPP
in the EIA Document.

Questions

1. What are the source terms of the calculated BDBA in the PSA 2 includ-
ing releases from the spent fuel pools?

2. Which requirements have the filtered venting systems to fulfil, particu-
larly regarding earthquake resistance?

3. What is the currently valid time schedule for the implementation of all
required SAM features for the Rivhe 1&2?

4. What are the parameters of the maximum aircraft crash (plane mass
and speed) the buildings of the Rivne 1&2 can withstand?

5. What is the technical justification of the BDBA that is chosen to calcu-
late possible trans-boundary consequences?
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Preliminary recommendation

1. Itis recommended to use the WENRA Safety Objectives for new NPP
to identify reasonably practicable safety improvements for Rivne 1&2. It
is recommended to use the concept of practical elimination for this ap-
proach.

2. Itis recommended to provide the following information concerning acci-
dent 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 ex-
ternal hazards to CDF and L(E)RF

List of the beyond design basis accidents (BDBAS)

d. Source terms of the BDBASs including releases from the
spent fuel pools

e. Time spans to restore the safety functions after the loss of
heat removal and/or station-blackout and cliff edge effects.
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6 ACCIDENTS INITIATED BY NATURAL EVENTS
AND SITE ASSESSMENT

6.1 Treatment in the EIA Document

The EIA REPORT BoOK 1 (2018, p. 78) identifies the following hydro-meteorologi-
cal processes and phenomena which could occur at the Rivne NPP site:

e floods;

® ice phenomena on water sources (ice gorges, ice jams);
® water resources (extremely low flow, abnormal reduction of water level)
e tornados;

® strong winds;

® precipitation;

® extreme snow fall (heavy snow);

® extreme air temperature;

® ground surface icing;

@ lightning;

e water intake facility blocking.

A screening of the site-specific hazards (“preliminary exclusion”) is carried out
using simple logical considerations without complex calculations and detailed
evaluations to decide whether the impact of a certain hazard type endangers the
SS Rivne NPP or not.

Screening considers the following criteria (p. 78):
e distance from the source of hazard to SS “Rivhe NPP”;
® |ow frequency of the natural hazard (how assessed without calculation?

® “non-significance of expected EH contribution to the accidents at SS “Rivne
NPP”"13

In the following chapters EIA REPORT BooK 1 (2018), EIA REPORT BOOK 3VOLUME
3 (2018) and EIA REPORT BOOK 4 (2018) provide the following information on nat-
ural hazards present at the site:

Flooding by the river Styr: River floods of the river Styr that passes next to the
NPP site are described to “usually rise for 2.5-3.0 m. The greatest amplitude of
variation of levels 3.74 m”. Maximum flood heights are determined for occurrence
probabilities reaching to 10 per year, for 104 a value of 168.8 m is given. These
extremes also cover floods initiated by ice barriers (EIA REPORT Book 12018, p.
79ff).It is concluded that river floods pose no threat to the NPP which is sited on
an elevated terrace about 20 m above the Styr flood plain.

Flooding by extreme precipitation: Precipitation water is drained by gravity via
water drains and an industrial sewage system at the site (EIA REPORT BOOK
12018, p. 82). Design standards for the design of water drain systems for build-
ings and industrial sewage systems are defined by the building codes SNiP
(CHwIT) 2.04.01-85 (Domestic water supply and plumbing system) and 2.04.03-

13 The criterion should probably be understood as “physical impacts of hazardous events have no
implication on the safety of the NPP”.

Umweltbundesamt ® REP-0754, Vienna 2021 57



EIA Rivne 1&2 Lifetime Extension— Accidents initiated by natural events and site assessment

58

85 (Sewage system. Public utilities) in which the design flow of rainwater is de-
termined based on the intensity of rain for 20 minutes. For the Rivne NPP site
this design criterion is 100 litres/s*h or 0.6 mm/min. Data listed in Table 3.4 (p.
84) indicates that this precipitation intensity was exceeded repeatedly and signif-
icantly in the last about 100 years in the Ukraine. Reported values reach up to 3
mm/min.

For flooding by extreme rainfall exceeding the design values EIA REPORT BoOOK 1
(2018, p. 87) expects “that the normal power supply equipment of the power unit
may fail due to rainwater leakage through the roofs and openings ... of the turbine
hall building, deaerator compartment and electrical equipment stacks.”

EIA REPORT Book 1 (2018, p. 87)finally concludes: “When determining in the fre-
quencies of emergency events based on the processing of statistics of actually
recorded events during the operation of power units, various initiators were taken
into account, including cases in which the initiating events of emergency situa-
tions were triggered by external factors. Thus, the influence of heavy showers on
NPPs is excluded from further consideration.”

Drought and lack of cooling water: The impact of low water level of the river
Styr on the cooling functions of NPP Rivne are discussed in EIA REPORT BOOK 1
(2018, p. 88-90). It is said that in case of insufficient supply from the river cooling
water may be drawn from different resources within the plant. The conditional
probability of core damage in the event of the failure of the cooling systems due
to an abnormal decrease of the water level in the river Styr is stated as 9.17E-08.

Tornado hazards including the impact of wind-transported particles ad missiles
are extensively described in EIA REPORT BooK 1 (2018, p. 90-94). Probabilistic
analyses are based on data from the region within a radius of 200 km from the
NPP covering about 80 years of observation time. The assessment reveals an
annual probability of a tornado passing through any point within a radius of 30km
around the NPP of 9.25 x 107 reactor/year. The value refers to an “estimated
intensity class of probable tornado ... 1.92 [according to the Fuijita tornado rating
system]”.The reactor “compartment” [sic; containment?] is said to withstand tor-
nados of intensity 3 and 4. Possible impacts of tornados are further evaluated for
the emergency diesel generator building, the pump station, ventilation systems
and the spray cooling ponds.

The EIA document concludes that a combination of the loss of essential service
water as a result of a tornado passing over the spray cooling ponds and a possi-
ble simultaneous loss of power supply would have severe consequences for the
NPP. It is therefore planned to investigate the conditional probability of a simul-
taneous impact of tornado on the listed SSCs.

Earthquake: The seismic hazard for the Rivne site was originally determined in
1974 and re-evaluated in 1986 in the course of the feasibility study for the second
construction phase of Rivhe NPP. The evaluation is apparently based on a re-
gional seismic hazard map (Temporary schematic map of seismic zonation of the
European part of former Soviet Union, VSR-87).

EIA REPORT BooOK 4 (2018, p. 1029; repeated in EIA REPORT BOOK 5 2018, p.
1131 and EIA REPORT NON-TECHNICAL SUMMARY, P. 1390) states that “According
to SNiP P-7-81 “Construction in Seismic Areas”, the industrial area of SS Rivne
NPP is located in the P3-5, MR3-6 zone. NPP was designed taking into account
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two levels of seismicity (P3) - magnitude 54 and the maximum estimated earth-
quake (MRZ)'> - magnitude 6. The recurrence of earthquakes according to the
MSK-64 scale is 1 time in 5000 years”.16

EIA REPORT Book 1 (2018, p. 95) states that hazard levels for seismic ground
shaking are described by the “project earthquake (PE)'" - 5 points” and the “max-
imum estimated earthquake (MEE)!® - 6 points”.

EIA REPORT BoOK 3Volume 3 (2018, p. 718) repeats the values, but refers to “an
earthquake repetition once per 10,000 years”.

The seismological studies are said to show that the seismic impact on the site
from all seismic zones within a 750-km radius of the NPP site is of the “magni-
tude”less than 5.Zones with “high seismotectonic potential” are regarded to occur
only at a distance of more than 40 km north of the site. A potential of 2.8<M<3.91°
is assigned to this zone (EIA REPORT BoOK 1 2018, p. 95). Higher seismic impacts
are only regarded possible to derive from the Vrancea zone (Romania)?°. In case
of an earthquake in the Vrancea zone with the maximum possible magnitude
M=7.6, the intensity of seismic impact can reach the approximate value of 6.This
value conforms to the highest intensity recorded at the site related to the 1802
Vrancea earthquake.

Tectonically Rivne NPP is located within the Manevitskiy block which is bordered
by the Gorynska (Lutska)-, Kukhotsko-Ratnivska-, Mogyliv-Stokhodska-, Vo-
lodymyro-Volynskyy- and the Olexandrivskiy fault zones. It is said that none of
these faults moved in the Quaternary period (last 1-2 Million years; EIA REPORT
Book 3 Volume 3 2018, p. 719).

Strong winds, hurricane: Hazard assessments for high wind use a database of
about 80 years from meteorological stations within a radius of about 150 km from
the site. Data are analysed by different methods including Gumbel statistics of
extreme values. The results in terms of wind speed and wind pressure are shown
for occurrence probabilities down to 106 per year (EIA REPORT Book 12018, p.
97). For the occurrence probability of 10-4/year and different calculation methods
wind speeds of 44.1 m/s and 45.9 m/s are listed, respectively.

The design basis for wind loads was derived from the location of the site in “wind
zone 2” and according to SNiPII-6-74. Accordingly, a design basis wind speed of

141t is supposed that the term “magnitude” is not correctly used in this context. The correct term
should be intensity with reference to the MSK-64 intensity scale.

5 The notion is understood that intensity 5 (MSK-64) was used to define SL-1 and intensity 6 was
used as the basis for SL-2 and the Design Basis Earthquake as defied by WENRA (2014a, 2015).

16 Other sources refer to the same value as “probability — once in 10.000 years” (EIA REPORT BOOK
52018, p.1226, 1235;);

" The “Project Earthquake” is also misleadingly termed “Design Basis Earthquake (DBE)", EIA
REPORT BOOK 1Volume 3 (2018), p. 718 ff. Both terms apparently refer to the Safety Level 1 (SL-
1) earthquake as defined by IAEA (2010).

18 The “maximum estimated earthquake” is also termed “Safe Shutdown Earthquake (SSE)”, EIA
REPORT BoOK 1Volume 3 (2018), p. 718 ff. Both terms seemingly refer to the Safety Level 2 (SL-
2) earthquake as defined by IAEA (2010) and.to the Design Basis Earthquake (DBE) as defined b
WENRA (2014a).

% Here the use of “M” (for magnitude) is supposedly correct.

20 Area of high and deep-seated seismicity due to on-going mantle subduction in southern Romania.
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26.2 m/s was used for the reactor hall, the standby diesel power plant, the turbine
hall and other buildings (EIA REPORT BOOK 12018, p. 99). This value corresponds
to arecurrence probability of about 10E-1 according to EIA REPORT BoOK 1 (2018,
Table 3.12) 21, Although this discrepancy is honoured by EIA REPORT BooK 1
(2018), it is stated that “strong winds do not represent danger to the above men-
tioned buildings and structures” (p. 100). It is, however, further concluded that
wind speeds of more than 31 m/s can lead to abnormal operation of the essential
service water system. The “probability of speed exceedance of such wind in the
plant area is 1.40E-03”.

Fog, heavy glace, thunderstorm (lightning), hail, dust storm: For fog, heavy
glace (icing), hail and dust storm the EIA REPORT BoOK 1 (2018) mostly describes
the historical occurrences without discussing occurrence probabilities, possible
impacts on the NPP and related protection. Freezing fog and freezing rain is con-
sidered as heavy glace referring to ice coatings exceeding 20 mm diameter.

For lightning the EIA REPORT Book 1 (2018, p. 102-105) includes a comprehen-
sive and detailed description of the hazardous phenomena connected with the
lightning strikes. Damaging lightning strikes at different parts of the NPP are fre-
quent (1.20E-1 to 6.60E-3). The protection concept for preventing damaging im-
pacts of lightning strike includes anti-lightning protection of the buildings using
lightning arrester and insulations.

Snow storms, snow loads: For snow cover and snow loads a site-specific haz-
ard assessment using an “exponential distribution” determined snow pressures
for occurrence probabilities between 10-2and 107 per ear with a value of 700 N/m2
for the occurrence probability of 10-4/year.

The design basis for snow loads was derived from the location of the site in the
“first snow zone”. The design criteria in force during the construction of the NPP
required accounting for a snow cover weight of 500 N/m2for horizontal surfaces,
increased by a safety coefficient of 1.4 for the reactor hall and other buildings and
installations that contain safety important systems.

The EIA REPORT Book 1 (2018, p. 109) further refers to a current normative doc-
ument without providing more detailed reference. It is said that “the normative
values of the snow load for this region is 140 kgf/m2 (1400 Pa)22.” The difference
between current requirements and in the regulations in force during NPP design
(500 N/m?) are regarded not critical for the structures, buildings and installations,
since ‘it is foreseen by Rivne NPP to clean the site from snow across the entire
complex of the buildings by the departmental personnel.”

High / low temperature: Maximum?2 and minimum air temperatures and their
occurrence probabilities are determined from data of a near-by meteorological
station using Weihbull statistics. Data is used for determining the water tempera-
ture in the spray ponds which, in turn, is relevant for reactor cooling. It is stated
that peak temperature is not the key parameter for assessing the impact on the

2 For existing reactors WENRA (2014) requires that exceedance frequencies of design basis events
shall not be higher than 10 per year. Protection shall be provided for design basis events defined
on the basis of this exceedance frequency. The value of 10E-1 stated in the EIA Document
exceeds this value by a factor of 10°.

221400 Pa = 1400 N/m?

Z Referring to the hottest part of the day over about 14-15 hours.
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cooling capacity. Instead, the thermal inertia effects and long-term periods be-
fore/after temperature peaks have to be considered. It is concluded that “the im-
pact of low and high temperatures onto the normal plant operation for Rivhe NPP
and, consequently, on exclusion of accidents and situations that can negatively
influence the environment, can be excluded from further analysis.”(EIA REPORT
Book 12018, p. 111).

Karst / Suffusion: Although karst processes and suffusion are not included in
the site-specific hazard list of the EIA REPORT Book 1 (2018, p. 78), information
is provided on these phenomena. The EIA REPORT BOOK 3 VOLUME 3 (2018, p.
699-700) describes that surface karst forms such as sinkholes and shallow de-
pressions that derive from the dissolution of Cretaceous chalk and limestone of
the so-called Zdolbunivska suite (Turonian-Conjacian) are wide-spread in the
Rivne region. The roughly 15 m thick karstified Cretaceous rock units also under-
lie the NPP site in about 10 to 30 m depth (EIA REPORT BOOK 3 VOLUME 32018,
711-713)

Besides natural karst, man-made karst is recognised as hazard. The activation
of karst and suffusion processes caused by water infiltrating from drains or leak-
ages of technical waters from underground pipelines, and their infiltration into the
soil on the NPP site is identified as a hazard that could lead to loosening of soils,
“fracturing” of the Cretaceous layer and formation of sinkholes (“surface fall-
through”)(EIA REPORT BoOK 3 VOLUME 3 (2018, p.721-722). Listed protective
measures are the control of groundwater properties (level, temperature, chemical
composition), timely control of water-supplying lines and their repair, and cement-
ing of the Cretaceous layer under the structures of power units 1-3. Power unit 4
is constructed on piles that reach below the karstified Cretaceous layer and are
based in underlying basalt.

The EIA REPORT BooOK 3 VOLUME 3 (2018, p.723ff) describes the existing moni-
toring program to identify adverse effects of groundwater-rock interaction, karstifi-
cation and suffusion, and includes a detailed proposal for additional investiga-
tions and monitoring (p. 730-731).

6.2 Discussion

The assessment of the plant safety with respect to natural hazards is mostly re-
stricted to the hazard types river flooding, extreme precipitation, abnormally low
water level of the Styr river, tornado, earthquake, strong winds, extreme temper-
ature, fog and thunderstorm, and snowstorm. Additional assessments are avail-
able for karst and suffusion.

River flooding: The flood plain of river Styr has an elevation of about 160 m. The
NPP Rivne is located on the second Pleistocene terrace above the floodplain of
the river (EIA REPORT BOOK 1 2018, p. 54) which locally has an elevation of about
180-190 m. Flooding by river floods is therefore excluded by the elevation of the
site (“dry site” concept),

Extreme precipitation: The protection system for draining precipitation water
from the NPP buildings and the site is designed according to general industrial
standards or building codes, not according to a design basis event with suffi-
ciently low occurrence probability as required by WENRA 2014a. It appears that
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no site-specific hazard assessment is available for extreme precipitation (includ-
ing heavy rain, flash flood, thawing and combinations of thawing and rain). A de-
sign basis according to a design basis event with an occurrence probability of 10-
4/year has not been developed.

A comparison of the dimensioning of the drainage systems (designed for draining
precipitation with 0.6 mm/min) with historical data from Ukraine shows that the
design value is far below the recorded precipitation maxima which reach up to
about 3 mm/min. Current design therefore is not in line with WENRA require-
ments (WENRA, 2014a, Safety Reference Level T4.3: “The design basis events
shall be compared to relevant historical data to verify that historical extreme
events are enveloped by the design basis with a sufficient margin.”).

For precipitation events that exceed the capacity of the current sewage system
the EIAREPORT BoOK 1 (2018, p. 87) expects flooding with severe consequences
for the electrical power supply and electrical equipment. Possible accident sce-
narios for these effects and consequences of possible flooding of the basements
of buildings housing safety-relevant SSCs are not further discussed. However,
“the influence of heavy showers on NPPs is excluded from further consideration.”

The Austrian expert team concluded that the hazard of external flooding by ex-
treme precipitation is not adequately addressed. Neither a hazard assessments
nor an adequate design basis has been developed in accordance with WENRA
(20144a) requirements. It is further concluded that the protection system that is
currently in place is insufficient to protect the NPP from precipitation events with
intensities that were repeatedly recorded in Ukraine in the last approx. 100 years.

Drought and lack of cooling water: The River Styr is the only source for essen-
tial service water and cooling water for the NPP Rivne. Water intake pumps are
designed for a minimum drought water level of 158.80 m. Probabilistic assess-
ment indicates a probability of 0.3% per year for the river water level to fall below
the critical level. Although the EIA REPORT Book 1 (2018, p. 88-90) claims that
water from several systems of the NPP may be used as cooling water reserves it
is unclear if these reserves suffice to cool all of the four units after a shutdown
and maintain the reactors in a safe state. It is also unclear if the present situation
with cooling water exclusively derived from the River Styr complies with WENRA
Safety Reference Levels (RL), in particular RL F 4.7 requiring that “there shall be
sufficient independent and diverse means including necessary power supplies
available to remove the residual heat from the core and the spent fuel.”

Tornado. The assessment of tornado hazard and the possible impact of tornados
was developed in the EIA REPORT BOOK 1 (2018). The authors concluded that the
hazard of a tornado simultaneously leading to unavailability of essential service
water from spray ponds and the loss of power supply needs further evaluation.

Earthquake: The seismic ground shaking hazard for the Rivne site was originally
determined in 1974 and re-evaluated in 1986. The assessments were seemingly
not based on a site-specific investigation but derived from a seismic zonation map
of the European part of the former Soviet Union (VSR-87) at the scale of
1:2,000,000. Hazard at the site is stated in intensity values with intensity 6 (MSK-
64) characterizing the maximum estimated earthquake (MRZ) which appears to
correspond to SL-2 (IAEA 2010). The EIA Document provides contradicting infor-
mation about the recurrence of this event. Both values of 5000 and 10.000 years
are stated as recurrence intervals. It seems that I=VI MSK64 is associated with
Peak Ground Acceleration (PGA) of 0.05g (ENSREG 2012, p. 5). ENSREG
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(2012) also mentions additional seismic hazard assessments in the early
2000nds. These, however, are not cited in the EIA Document.

A thorough review of the seismic hazard assessment is beyond the scope of this
expert statement. It is, however, possible to draw the following conclusions:

® Expressing the seismic design basis in terms of macro-seismic intensity (I=6
MSK®64) is outdated and not in line with current state of the art.

® The design basis of 1=6 MSK64 equal to PGA=0.05g is below the minimum
ground acceleration of PGA=0.1g required by WENRA (2014a, Safety Refer-
ence Level T 4.2) for existing NPPs and below the minimum ground accelera-
tion recommended by IAEA (2010).

At this background it is recommended to update the current seismic design basis
to the value of 0.1g to align with the requirements of WENRA Safety Reference
Level T 4.2 (WENRA, 2014a).

It is further recommended to review seismic hazards and the design basis as
recommended by WENRA (2016, p. 25).

Strong winds: For wind loads, hazard assessments show a large discrepancy
between the actual design of buildings and internationally accepted safety re-
quirements for existing NPPs.

The design basis for wind loads accounts for the normal building code SNiPII-6-
74 resulting in a wind speed of 26.2 m/s that was used for the design of the reactor
hall, the standby diesel power plant, the turbine hall and other buildings (EIA
REPORT BOOK 12018, p. 99). According to the site-specific hazard assessment for
high winds (EIA REPORT Book 12018, Table 3.12) this value corresponds to an
occurrence probability of about 10-1per year. According to WENRA requirements,
however, ‘the exceedance frequencies of design basis events shall be low
enough to ensure a high degree of protection with respect to natural hazards. A
common target value of frequency, not higher than 104 per annum, shall be used
for each design basis event.” WENRA (2014a, Issue T, RL T 4.2). For the occur-
rence probability of 10 the site-specific hazard assessment reveals wind speeds
of about 45 m/s. It is therefore evident that the current design of the NPP is not
in line with the WENRA safety reference levels for existing NPPs.

The importance of re-evaluating the design basis and the protection concept for
high winds is underlined by the fact that “in the last 30 years winds with wind
speeds 233 m/s were identified in 5 cases on the territory of Rivhe NPP, in 9-10
cases on the territory of Volynska and Khmelnitskiy oblasts.” (EIA REPORT Book
12018, p. 106). The highest recorded wind speeds reached 34 to 40 m/s. It fol-
lows that the current situation is also not in line with WENRA Safety Reference
Level T4.3, requiring that “The design basis events shall be compared to relevant
historical data to verify that historical extreme events are enveloped by the design
basis with a sufficient margin.(WENRA, 2014a).

The safety relevance of the apparently insufficient design with respect to wind
loads is emphasised by the statement that wind speeds in excess of 31 m/s, can
lead to failure of the essential service water system (EIA REPORT Book 12018, p.
100). It must be stressed that wind speeds of 31 m/s correspond to an exceed-
ance probability of 1.40E-3 which is much higher than the exceedance probability
required for design basis events by WENRA (2014).
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Concerning tornado hazards the EIA REPORT Book 1 (2018, p. 94) states that
“The conditional probability of core damage due to the failure of the essential
service water system is 6,93E-03".The value is not further discussed. It is as-
sumed that the high vulnerability of the cooling system with respect to high wind
is one of the reasons for this unreasonably high CDF value?*.

We conclude that the current design of the NPP Rivne with respect to high wind
is insufficient. The current design, based on general industry norms and building
codes, only protects against events with an occurrence probability of 101 per
year. Wind speeds with a probability of 1.40E-3 can lead to failure of the essential
service water system. This inadequate protection against high wind is assumed
to contribute significantly to a CDF which is higher than values accepted by most
WENRA countries.

Fog, heavy glace, thunderstorm (lightning), hail, dust storm: The EIA Docu-
ment provides a sound description of the possible impacts of lightning and the
protection concept.

No information is provided on occurrence probabilities, possible safety-relevant
impacts on the NPP, and related protection measures for fog, heavy glace (icing),
hail and dust storm. Adverse effects caused by these hazards include the loading
of structures (electric power lines and switchyard), blocking of air intakes with ice
or dust and the contamination of external high-voltage insulation. Design basis
requirements and protection concepts, however, are not developed for these haz-
ards.

Snow storms, snow loads: For snow cover and snow loads the results of the
site-specific hazard assessment revealed a snow pressure value of 700 N/m2 for
the occurrence probability of 10-4/year for horizontal surfaces. This seems to be
in line with the original design basis for the reactor hall and other buildings and
installations that contain safety important systems. The original design for snow
loads required accounting for a pressure of 700 N/m2 (derived from a general
requirement of 500 N/m2increased by a safety coefficient of 1.4). Selecting the
design basis value from a design basis event with an occurrence probability of
10%/year does comply with WENRA requirements (WENRA, 2014a). It seems,
however, that current Ukrainian normative documents require the much higher
value of 1,400 Pa (= 1,400 N/m?) for snow loads. Available information does not
allow assessing this apparent discrepancy further.

High/low temperature: The site of Rivne NPP is exposed to continental climate
with the possibility of long-lasting periods of both high and low temperatures. The
probabilities of high/low peak temperatures and the probabilities of extended pe-
riods of extremely high/low temperatures were established by a site-specific haz-
ard assessment. This includes the determination of parameters (peak tempera-
ture, duration of extreme temperature) for occurrence probabilities of 10/year
that, by definition of WENRA, constitute design basis parameters. The EIA
REPORT BoOK 1 (2018) however, fails to show that the design of the reactors is
adequate to cope with these design basis parameters. This is the case for both,

24 CDF Inthe majority of WENRA countries and Ukraine the Core Damage Frequency (CDF) shall
not exceed the value of 10** per year. Some WENRA countries require CDF < 10°® per year.
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showing that cooling capacity is adequately ensured during extremes of high tem-
perature, and that (liquid) cooling water is available during periods or peaks of
extremely low temperature.

Both extremely high and low temperatures are predictable hazards and progress
slowly. A suitable protection concept therefore could include automatically initi-
ated active safety measures that trigger power reduction or shut-down upon the
exceedance of pre-set temperature limits for air/cooling water. At the minimum,
administrative measures should be developed to respond to hazardous temper-
ature extremes.

High groundwater: The hazard is not included in the site-specific hazard list of
EIA REPORT BooOK 1 (2018, p. 78). Although high groundwater may not be re-
garded as a hazard by itself, it poses potential hazards to the site in combination
with karstification and suffusion (see below).

EIA REPORT BOOK 3 VOLUME 3 (2018, p. 742-745) provides ample information
about the development of the ground water level at the NPP site. It is reported
that ground water levels increased for about up to 10 m after the start-up of the
NPP and fluctuated significantly during its operation, mainly due to infiltration of
water from the cooling towers, the inlet- and outlet canal and an unnamed under-
ground channel.

The described increase and fluctuation of the site groundwater level indicate very
significant and lasting infiltration of cooling water into the subsoil leading to the
formation of a “ground water dome”. Infiltration has been continuing through the
last about 5 decades. It is unclear how this concentrated infiltration affects disso-
lution, karstification and suffusion at the site, and, particularly, in the infiltration
area next to the cooling towers (see paragraph below).

Karst and suffusion: Geological data prove that the foundation soil of the Rivhe
NPP site includes a layer of around 15 m of Turonian chalk (“Nyzhniozdol-
bunivska suite” — lower Zdolbunivska unit) which is intensively karstified and in-
cludes karstic cavities and voids partly filled with chalk suspension (EIA REPORT
Book 3 VoLUME 3 2018, p. 710). Descriptions of “flow and fluid-plastic chalk, oc-
casionally soft-plastic” indicate very low quality of the foundation soil (EIA REPORT
Book 3 VOLUME 3 2018, p. 712, 715).

In this context the activation of karst-suffusion processes by drains or leakages
of technical waters is identified as a hazard that could lead to the loosening of
soils, “fracturing” of the Cretaceous layer and formation of sinkholes (“surface fall-
through”) (EIA REPORT BOOK 3 VOLUME 3 (2018, p.721-722).

EIA REPORT BOOK 3 VOLUME 3 2018, p. 759 concludes that the “occurrence of the
karst processes was not identified on the territory of the plant, but their activation
is possible in case of violated hydrodynamic regime”. This conclusion appears
remarkable since the same report provides plentiful evidence of major changes
of the hydrodynamic regime due to the infiltration of water into the karstified layer
caused by the operation of the NPP (EIA REPORT BOOK 3 VOLUME 32018, p. 742-
745). This infiltration has been continuing since the construction of the plant in
the 1970ies. Although the infiltration of water leaking from cooling towers, the
inlet- and outlet canal is monitored, no or only insufficient action was undertaken
to prevent such infiltration (see paragraph on high groundwater above).
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The Austrian experts concluded that karstification and suffusion pose significant
threats to the safety of the NPP due to the possible destabilization of the founda-
tion soil of the reactor buildings (including containment), buildings that house
safety-relevant SSCs, safety-relevant underground piping and the cooling towers.

6.3 Conclusions, questions and preliminary
recommendations

The assessment of natural phenomena that may have adverse effects on the
safety of Rivne NPP is restricted to a rather small number of hazard types. The
EIA Document fails to demonstrate that the site assessment considered all natu-
ral hazards that apply to the site. A thorough assessment including the steps

® hazard screening including the identification of hazard combinations
hazard assessment
definition of a design basis

[ J
[ J
® development of a protection concept
[ J

analysis of design extension conditions

as required by WENRA (20144, Issue T) has not been performed.

The Austrian expert team recommended the use of a generic list of natural haz-
ards as a start for hazard screening and the identification of relevant hazard com-
binations (e.g., WENRA, 2015; DECKER & BRINKMAN 2017) to demonstrate that all
relevant hazards and hazard combinations are addressed.

Hazard severities for occurrence probabilities of 104 per year have been deter-
mined for several, but not all hazards considered in the EIA Document. These
results, however, are not followed-up to define design basis events and develop
adequate protection concepts in a strict way. This is particularly the case for ex-
ternal flooding by extreme precipitation, drought/lack of cooling water, high wind,
tornado, snow load/snow storm and extreme temperatures.

Adequate protection against several hazards is currently not in place. This is most
important for:

e flooding by extreme precipitation for which the current design only protects
against events with occurrence probabilities of 10! per year;

® high wind for which the EIA Document shows that storms with occurrence prob-
abilities of 1.40E-3 can lead to failure of the essential service water system;

e drought and lack of riverine cooling water.

We assume that the low withstand of the cooling system against wind loads and
other meteorological hazards are important factors for the high CDF value?® de-
scribed in the EIA Document (“The conditional probability of core damage due to
the failure of the essential service water system is 6,93E-03").Such a high CDF
value seems unacceptable when compared to regulations and safety expecta-
tions for existing NPPs that are in place in most of the WENRA countries.

% In the majority of WENRA countries and in the Ukraine the Core Damage Frequency (CDF) shall
not exceed the value of 10 per year. Some WENRA countries require CDF<107® per year.
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Karstification and suffusion pose significant threats to the safety of the NPP Rivne
by the possible destabilization of the foundation soil of the reactor buildings and
containments, buildings that house safety-relevant SSCs, safety-relevant under-
ground piping and the cooling towers. Information provided by the EIA Document
proves that the operation of the NPP leads to the lasting seepage of large
amounts of technical water that has the potential to increase karstification and
suffusion, and to destabilize foundation soils. Human-made karstification and suf-
fusion are slow but self-enhancing. Both processes were set off by the start-up of
the NPP in the 1970ies. The Austrian experts expect that the intensity of the ero-
sion of the foundation soil increases with time, and that the safety relevance of
karstification and suffusion will increase during the continued operation of the
NPP.

Design Extension Conditions (DEC) are not analysed in the available EIA Docu-
ment. This is in violation of the WENRA requirement that DEC analysis shall be
undertaken with the purpose of further improving the safety of existing nuclear
power plants and enhancing their capability to withstand more challenging events
or conditions than those considered in the design basis. Related requirements
and procedures are provided by WENRA (2014a) and WENRA (2014b). The Aus-
trian experts recommended extending the efforts with respect to natural hazard
analysis and develop adequate protection concepts for natural hazards in line
with the WENRA DEC approach.

Questions

1. Why has flooding due to extreme precipitation been excluded from the
further consideration of natural hazards?

2. The probability of the water level of the River Styr to drop below the criti-
cal value of 158.80 m in case of drought is stated with 0.3% per year.
Would the dropping of the water level even lower result in the full una-
vailability of cooling water from the River Styr?

3. Are the water reserves at the primary and secondary circuits of the
WWER units large enough to cool all four reactors after shutdown from
full power and maintain cooling until a safe state is reached in cases
when no cooling water is available from River Styr?

4. lIs it intended to equip the Rivne NPP with a second, independent cooling
water supply such as ground water wells to ensure the availability of cool-
ing water/essential service water in case of low river water levels and
drought?

5. With respect to snow loads the EIA REPORT BOOK 1 (2018, p. 109) refers
to a “current normative document” that sets the normative values of the
snow load for the Rivne region to 1,400 Pa. This value is above the orig-
inal design. What are the consequences of this discrepancy between the
status as-built and the current requirements for buildings housing safety-
relevant SSCs of the Rivne reactors?

6. TERMINOLOGY USED FOR THE DESCRIPTION OF SEISMIC HAZARDS IN THE EIA
REPORT BOOK 3 VoL 3 (2018, p. 718ff) appears unclear. The Austrian ex-
perts had to assume that the “design basis earthquake (DBE)”, also
termed “Project Earthquake (PE)”, refers to SL-1 as used by IAEA (2010)
and the “safe shutdown earthquake (SSE)”, also termed “maximum esti-
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mated earthquake (MEE)”, refers to SL-2 (IAEA, 2010) or the Design Ba-
sis Earthquake (WENRA, 2014a; 2015). Also they assumed further that
terms like “5 point”, “6 point”, “magnitude 5", “magnitude 6” refer to inten-
sity (MSK-64 scale) instead of magnitude. Is this correct?

. EIA includes contradicting information about the recurrence interval of
‘maximum estimated earthquake” (also termed “safe shutdown earth-
quake”) with 1=6. Both, values of 5,000 and 10,000 years are stated as
recurrence intervals. The Austrian experts ask for the clarification of this
contradiction.

. It appears that I=VI MSK64 is associated with Peak Ground Acceleration
(PGA) of 0.05g. What is the basis for such a correlation between macro-
seismic intensity and ground acceleration?

. The IEA document mentions additional seismic hazard assessments that
were performed in the late 1990ies and early 2000nds. These, however,
are not further explained in the EIA Document. The Austrian experts ask
to provide those references and results of these investigations for the
Rivne NPP site.

10.Karstification and suffusion are listed as hazardous phenomena destabi-

lizing the soil under the NPP site, also under the reactor buildings. Ac-
cording to the EIA REPORT BOOK 3 VOLUME 3, (2018, p.721-722) the foun-
dations for unit 4 are laid on piles reaching below the karstified layer into
basalt.

Are the foundations of the other reactor units constructed in the same
way?

Are the concrete injections sufficient to stabilize fundaments of the other
blocks?

How is the stability of foundations secured for other buildings housing
safety-relevant equipment and safety-relevant underground piping?

11.How is sewage water removed from the site? Is it secured that concen-

trated seepage of sewage water from surface runoffs and/or direct infil-
tration of sewage water does not lead to extended man-made karstifica-
tion and suffusion?

12.The formation of a “ground water dome” at the site proves the continued

outflow of large amounts of water from the hydro-engineering installa-
tions. How is it secured that these outflows do not destabilize the foun-
dation soil by increased karstification and suffusion?

Are the cooling towers, cooling water channels and pipes, which are sup-
posed to be the sources of infiltrating water, subjected to a monitoring
program to secure their stability? Are those structures made of watertight
concrete or lined with other impermeable materials?

What are the measures envisaged to reduce or prevent the infiltration of
technical water and reduce Karstification / suffusion processes?

Preliminary recommendation

1. The list of natural hazards assessed in the EIA REPORT Book 1 (2018) is

not complete. The Austrian expert team recommends the use of the
“Non-exhaustive List of Natural Hazard Types” (WENRA, 2015) as a
starting point to ensure that all site-specific hazards are addressed.
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2. Natural hazard assessment does not address hazard combinations as
required by WENRA (2014a) and further explained by WENRA (2015).
The Austrian expert team recommended the use of a hazard correlation
chart (e.g., DECKER & BRINKMAN, 2017) as a starting point to ensure that
all relevant combinations are addressed.

3. The Austrian expert team recommends the selection of design basis pa-
rameters from design basis events with occurrence probabilities of 104
per year for all natural hazards that apply to the site and use the derived
parameters to develop adequate protection concepts. This is particularly
important for, but should not be limited to the following hazards: high
wind, external flooding by extreme precipitation, snow storm and snow
load.

4. The Austrian expert team recommends the upgrade of the protection
against wind loads to ensure that SSCs important to safety and buildings
that house SSCs important to safety withstand wind speeds with occur-
rence probabilities of 10 per year.

5. The Austrian expert team recommends the upgrade of the capacity of the
sewer systems to ensure that precipitation intensities with occurrence
probabilities of 104 per year do not lead to (a) water ingress into buildings
that house SSCs important to safety (b) flooding of the basement of such
buildings.

6. The Austrian expert team recommends the re-evaluation of the occur-
rence probability of extreme precipitation that leads to the flooding of the
site and compare the results to the capacity of the sewer system. These
evaluations should consider the possible contribution of thaw water and
combinations of thawing and rain. The precipitation intensity correspond-
ing to the occurrence probability of 10 per year should be taken as the
design basis for the capacity of the sewer system (IAEA, WENRA), and
the sewer systems for individual buildings and the site as a whole should
be upgraded accordingly.

7. The Austrian expert team recommends the evaluation of the possible
safety benefits of an independent ultimate heat sink in addition to the
River Styr (e.g., ground water wells) to further reduce hazards arising
from drought and low river water level.

8. The Austrian expert team recommends to implement the additional in-
vestigations and monitoring measures to identify and mitigate adverse
effects karstification and suffusion suggested in the EIA REPORT BOOK 3
VOLUME 3 (2018), pages 730-731.

9. The Austrian expert team recommends to further analyse the sources of
technical water infiltrating into the karstified aquifer in the foundation soil
of the Rivhe NPP site (e.g., from cooling towers and connected water
channels) and to prevent further infiltration by adequate measures. The
recommended action should prevent the continued degradation of the
foundation soil by man-made karstification and suffusion.

10.The Austrian expert team recommends the implementation of automati-
cally initiated active safety measures that trigger power reduction or shut-
down upon the exceedance of pre-set temperature limits for maximum
and minimum air and/or cooling water temperatures. At the minimum, ad-
ministrative measures should be developed to respond to hazardous
temperature extremes. The protection concept should take into account
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the advantage that both, extremely high and low temperatures are pre-
dictable hazards and progress slowly.

11.The Austrian expert team recommends an update of the current seismic
design basis to the value of 0.1g to fulfil the minimum requirements of
WENRA Safety Reference Level T 4.2 (WENRA, 2014a).

12.The Austrian expert team recommends to use the procedures for the life
time extension of Rivne NPP for a periodic review the site-specific seis-
mic hazard as recommended by WENRA (2016, p. 25). This review
should take advantage of the rapid development of science and technol-
ogy in the fields of geology, seismology and paleo-seismology that were
achieved in the last decades and include targeted assessments of the
major faults closest to the site. Up-to-date fault investigations include, for
instance, reflection seismic and paleo-seismological techniques.

13.The Austrian expert team recommends to apply the WENRA approach
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 con-
ditions than those considered in the design basis.
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7 ACCIDENTS WITH INVOLVEMENT OF THIRD
PARTIES AND MAN-MADE IMPACTS

7.1 Treatment in the EIA Document

Chapter 3.2, book 1 of the EIA Document deals with man-made extreme impacts.
(EIA REPORT BOOK 1, 2018)

Explosions

The following was analyzed as possible sources for an air shock wave at the
RNPP site:

® vessels/tanks that are operated under pressure:

® nitrogen receivers and recipients and oxygen receivers at the nitrogen-oxygen
station of 2nd line:

e storage facility for combustibles:
@ transportation (tank lorries at the site — fuel transportation lorry.

The performed analysis showed the following results:

® receivers with the explosive environment (hydrogen, oxygen) are located at
the distance of more than 800 m from the installations that contain safety im-
portant installation (The safety radius of 10 kPa is 260 m);

e warehouse with barrels for storage of the liquefied gas is located at the signif-
icant distance from important facilities (about 550 m);

e tanks with the diesel fuel are equipped with the flame arresters, that is why the
steam explosion in it is unlikely, but even with the conservative assumptions
that such an event can take place, the underground siting of these tanks at the
depth of 2.5 m from the ground level excludes the possibility for shock wave
spreading and effect;

® warehouse of storage of combustibles and lubricants is at the distance of about
600 m from the facilities containing the safety important systems.

It is concluded that the forecasted level of the external impact by the shock wave
from the sources of the plant site onto the facilities that contain safety important
systems, environment and people, does not represent a potential danger.

Fires

The fire sources are located further away than the safe distances. Thus, they do
not pose the danger of direct thermal impact for the buildings and installations
and main plant equipment; they are no danger for the safe operation of the power
units.

The likelihood of causing danger due to smoke in the rooms from the supply ven-
tilation systems and affecting the operating personnel is not possible, since sup-
ply of the external air to the Main Control Room (MCR), Emergency Control room
(ECR) is not performed the fumes occur. Thus, it is concluded: external fires that
may occur outside and inside the NPP site do not affect the safety important fa-
cilities and can be excluded from further analysis, since they do not impose neg-
ative impact on the environment and people. (EIA REPORT BOOK 1, 2018)
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Leakage of chemical and toxic gases

On the territory of Rivne and Volynska oblasts, there are no gas pipelines, oil
pipelines, factories and chemical plants within the 30-km area of Rivne NPP.

During accidents, dangerous releases can occur in case of breaking of steady-
state canisters with toxic substances (chloride, ammonia, hydrazine hydrate, sul-
furic acid).

At the NPP site, there are steady-state canisters where chemically dangerous
materials are stored. The facility is located outside the restricted area at the dis-
tance of 280 m from the power unit.

Arrangement of the reagent warehouse, methods of storage and foreseen
measures with regard to elimination of the accident consequences at this ware-
house exclude the likelihood of having a big amount of vapors. A large specific
weight of the substances prevents creation of the dangerous concentrations in
the locations of air suction by the ventilation and air conditioning systems, which
are used for the MCR and ECR.

The dangerous chemical materials stored at the reagent warehouse do not pose
danger, because

® they are stored in specially designed tanks equipped with the natural and emer-
gency protection system

® they are served by the personnel who received a special training on manage-
ment of the chemically dangerous substances;

® these are low-volatile materials, their vapors are heavier than the air and are
lifted by the raising air flows insignificantly;

e the depth of the cloud spreading of the sulfuric acid that is stored in the steady-
state canisters at the open site of the reagent warehouse is less than the dis-
tance to the power unit.

The impact by chloride related to the accidents in the chlorinator does not pose
danger, because:

® tanks with the chloride are stored in the specially designed facility equipped
with the emergency protection system;

e tanks with the chloride are served by the personnel who received a special
training on management of the chemically dangerous substances;

® the substances are low-volatile, their vapors are heavier than the air and are
lifted by the raising air flows insignificantly.

Accidents associated with the releases of the chemically dangerous substances,
the chlorinator and reagent warehouse do not pose danger and are excluded
from further analysis.

Aircraft crashes

To identify the frequency of the aircraft crashes on the main buildings and instal-
lations at the Rivne NPP site, which can result in accidents and have negative
consequences for the environment and people, the aircrafts are divided into three

types:

@ aircraft of commercial aviation;
@ aircraft of general aviation;

@ aircraft of military aviation.
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Due to absence of the representative statistics on aviation events in Ukraine with
regard to the aircrafts of commercial aviation, the frequency of crashes of the
commercial aviation aircraft was taken from the literature sources. For calcula-
tions, the frequency for commercial class aircraft crash was used, which consti-

tutes 1.74x10°%km-1.

The statistical data on the aviation events on the territory of Ukraine with the air-
crafts of civil aviation aircrafts and military aircrafts are provided in Table 3.30 of
the EIA REPORT (Book 1, 2018). Based on these data, the frequency of small
aviation aircraft crashes was defined for different aviation types and aircrafts per
1 km? of the territory of Ukraine.

According to the performed analysis, the frequency of calculated aircraft crashes
on the objects of power units and facilities of Rivne NPP site are the following:

reactor hall — 9.82E-08 per year,

main building — 9.02E-08 per year,

standby diesel power station — 3.14E-08 per year,

power unit pump station — 1.96E-08 per year,

spray ponds of the essential service water system — 2.27E- 07 per year,
open facility of transformers — 7.11E-08 per year,

open switchgear-750/330 kV — 2.10E-06 per year.

Since the frequencies of aircraft crashes on the main facilities of power units ex-
cept for the open switchgear are lower than the ones established in the method-
ological recommendations for exclusion using the frequency criteria (1E-07 per
year), external impacts associated with the aircraft crashes at the Rivne NPP site

can be excluded.

Accidents with involvement of third parties (sabotage or terror attacks) are not
mentioned in the EIA Report.

7.2

Discussion

Nuclear power plants are in general vulnerable to a broad spectrum of possible
attacks. Terrorist attacks or acts of sabotage on Rivhe NPP may have significant
impacts. However, in the EIA report malicious acts of third parties against the
Rivne NPP and their possible effects are not discussed. In comparable EIA pro-
cedures such events were addressed to some extent. (UMWELTBUNDESAMT 2018)

The terror threat to nuclear power plants has received considerable public atten-
tion in the last twenty years. This attention has — for obvious reasons — focused
on the hazard of the deliberate crash of a large airliner.

After the 9/11 terror attack, the consequences of an intentional crash of a com-
mercial 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)

According to the Finnish regulator STUK, the reactor buildings at the Loviisa NPP
(which is the same reactor type but with a containment) are not designed to with-
stand an airplane crash and improvements are not “practically reasonable”.
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Studies about the consequences of a deliberate aircraft crash against Rivhe 1&2
are not available. It is, however, possible to draw conclusions from the results of
studies carried out in other countries e.g. Germany and general considerations
regarding the possible effects of such an aircraft crash. A generic study commis-
sioned by the German Federal Environment Ministry revealed, that even a small
commercial aircraft (e.g. an Airbus A320) would cause major damage to the re-
actor building with a wall thickness of 0.6 to 1 metres. (BMU 2002)

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 Rivnhe 1&2.

Although precautions against terror attacks cannot be discussed in detail in public
in the EIA procedure for reasons of confidentiality, the necessary legal require-
ments should be set out in the EIA Report.

Furthermore, additional attack scenarios demand attention: Experts voiced con-
cerns that cyber security has not been fully anticipated as indicated by the nuclear
security index of the Nuclear Threat Initiative (NTI). Recent attacks against bank-
ing and commerce systems, private companies, and national governments high-
light the growing gap between the threat and the ability to respond to or manage
it. (NTI2018)

In SNRIU (2016), it is stated: Taking into account ongoing military actions in east-
ern Ukraine, the SNRIU together with relevant ministries and administrations con-
tinued efforts on improving physical protection of nuclear installations. At present,
available law enforcement institutes are able to ensure NPP protection against
external actions, such as military aggression, sabotages and terroristic acts, crim-
inal assaults. In 2015, exercises were held at all NPPs to train actions in case of
sabotage under different situations. All special forces keeping guard at NPPs par-
ticipated with relevant rotation in the anti-terrorist operation to gain field experi-
ence 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) assesses 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 protection
of nuclear facilities against acts of sabotage. This ranking includes 47 countries
where an act of sabotage against a nuclear facility could result in a significant
radiological release similar in scale to the release in Japan in 2011 when a tsu-
nami 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 indicates a
low protection level. Table 1:
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The 2020 Nuclear Security Index for Ukraine (NTI 2020) shows some details
about the NTI Index for Ukraine.

Scores Scores Table 1:

1) NUMBER OF SITES

60 The 2020 Nuclear

Security Index for

2) SECURITY AND CONTROL MEASURES 66 Ukraine (NTI 2020)
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 35
Terrorism
Overall score 65

It has to be pointed out that the low scores for “Insider Threat Prevention” and
“Cybersecurity” indicate deficiencies in these issues.?6

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

cilities.

Physical protection

The IAEA plays a key role in helping states to protect their civilian nuclear mate-
rials and facilities. It supports states by undertaking and organizing advisory se-
curity assessment and peer-review missions through its International Physical
Protection Advisory Service (IPPAS). An IPPAS mission is an assessment of
the existing practices in a state, in the light of relevant international instruments
and IAEA nuclear security publications, and an exchange of experience and ac-
cepted international practices aimed at strengthening the nuclear security organ-
ization, 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 2020)

The analyses of man-made impacts do not provide information on the behaviour
of the plant and on possible releases due to terrorist attacks or sabotage. The

% 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 Zaporizhia

NPP. (WN 2019)
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man-made impacts were excluded from further analyses; cliff-edge effects were
not identified.

7.3 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 Rivhe NPP. Nevertheless,
they are not mentioned in the EIA Document for the Rivne NPP. In comparable
EIA documents such events were addressed to some extent.

Although precautions against sabotage and terror attacks cannot be publicly dis-
cussed in detail in the EIA procedure for reasons of confidentiality, the necessary
legal requirements should be set out in the EIA Document.

Information regarding the issue of terror attacks would be of great interest, con-
sidering the large consequences of potential attacks. In particular, the EIA Docu-
ment should include detailed information on the requirements for the design
against the targeted crash of a commercial aircraft. This topic is of particular im-
portance, because the reactor building of Rivne 1&2 is vulnerable against terror
attacks (including airplane crash).

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 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 “Cyber-
security” indicate deficiencies in these issues. It is recommended to invite this
International Physical Protection Advisory Service (IPPAS) of the IAEA that as-
sisted states, in strengthening their national nuclear security regimes, systems
and measures.

Questions

1. What are the requirements with respect to the planned NPP design
against the deliberate crash of a commercial aircraft?

2. Against which external attacks must the reactor building and other safety
relevant buildings be designed? Is this protection still guaranteed despite
adverse ageing effects?

3. Is a peer-review mission of the IAEA International Physical Protection
Advisory Service (IPPAS) planned?
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Preliminary recommendations

1. The EIA Document should present the general requirements with respect
to the protection against the deliberate crash of a commercial aircraft and
other terror attacks and acts of sabotage.

2. In light of the special situation in Ukraine, the impact caused by third par-
ties (terrorist attacks or acts of sabotage of the plant) should be given
high priority. Protection against cyber-attacks and insiders should be im-
proved. The IAEA's International Physical Protection Advisory Service
(IPPAS) should be used to improve the security.
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Table 2:
Radionuclide release
activities during the
MDBA (EIA REPORT
Book 7, 2018)

8 TRANS-BOUNDARY IMPACTS

8.1 Treatment in the EIA Document

Accident scenarios and source term

The radiation impact of Rivhe NPP was analyzed based on the following maxi-
mum design basis accident (MDBA): an accident caused by double-ended rup-
ture of the cooling system pipeline (loss-of-coolant accident) at normal energy
level. (EIA REPORT BOOK 7, 2018)

Table 2:
Radionuclide release activities during the MDBA (EIA REPORT BooK 7, 2018)
shows radionuclide release parameters during the MDBA. The accident duration
is taken to be 60 minutes. Other accidents that result in lower radionuclide re-
leases are omitted.

Radionuclide Release during MDBA in Bq
Kr-88 2.00E+13
Sr-90 3.10E+11
Ru-103 4.50E+12
Ru-106 6.60E+11
-131 4.98E+12
1-132 2.70E+12
1-133 4.00E+12
[-135 2.30E+12
Cs-134 7.80E+11
Cs-137 5.00E+11
La-140 8.40E+12
Ce-141 1.40E+13
Ce-144 8.60E+12

The radionuclide release during the beyond design basis accident (BDBA) was
determined based on the limit value of environmental release of Cs-137 at the
level of 30 TBq in accordance with the safety requirements of European operators
for designs of nuclear power plants with light water reactors (LWR). Cs-137 iso-
tope was chosen due to its prevalent value for long-term environmental pollution
as well as its health impact. Other isotopes in the form of aerosol are released
into the environment proportionately to this value, even if these isotopes are re-
leased into the atmospheric air.

The total list of radionuclides that may be released in the environment includes
other radioisotopes from the same group, which are present in the general mem-
ber in proportion equal to that of the sum of decay products in the reactor core
with respect to the illustrative isotope.
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Primary radionuclides and their respective releases in case of the BDBA are listed
in Table 3:
Radionuclide release during the BDBA at RNPP (EIA REPORT BOoK 7, 2018).

Radionuclide Release amount, Radionuclide Release amount,
TBq TBq
Xe-133 3.50E+05 Cs-136 1.50E+01
Kr-85 2.10E+03 Te-131m 2.00E+01
Kr-85m 5.30E+04 Te-129m 8.00E+00
Kr-87 1.10E+05 Te-132 2.00E+02
Kr-88 1.40E+05 Sb-127 1.60E+01
Xe-131m 2.10E+03 Sb-129 4.60E+01
Xe-133m 1.10E+04 Sr-90 5.00E+00
Xe-135 1.10E+05 Sr-89 6.00E+01
Xe-135m 7.70E+04 Sr-91 7.50E+01
Xe-138 3.20E+05 Ru-103 3.00E+00
1-131 1.00E+03 Mo-99 4.00E+00
1-132 1.50E+03 La-140 5.00E+00
1-133 2.10E+03 Y-91 4.00E+00
1-134 2.30E+03 Ce-141 4.00E+00
1-135 2.00E+03 Ce-144 3.00E+00
Cs-137 3.00E+01 Np-239 4.80E+01
Cs-134 6.00E+01 Ba-140 1.00E+02

The EIA Document came to the conclusion that under both normal and accident
conditions the planned activity does not have major trans-boundary impacts. (EIA
REPORT BOOK 7 2018, p. 1380.)

The distance to the Austrian border was determined to be 700 km. Calculated
doses under normal operation at the Austrian border were assessed as 0.15
nSv/year for infants and 0.13 nSv/year for adults. (EIA REPORT BOOK 7 2018, p.
1330f.)

For the Beyond Design Basis Accident, resulting 50 year effective doses for Aus-
tria are given which are about 0.1 mSv. (EIA REPORT BoOK 7 2018, p. 1340)

8.2 Discussion

A source term of 30 TBg Cs-137 for a beyond design basis accident (BDBA) is
not the largest possible source term for a severe accident in Rivhe NPP.

This source term of a BDBA was determined on the basis of the limit value of the
release of Cs-137 in the amount of 30 TBq according to the safety requirements
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Figure 5:

Average deposition
of Cs--137 after a
hypothetical BDBA
in Rivne-1.

of the European operators for the design of a light water reactors (LWR). How-
ever, this limited source term can only be assumed if the plant has been designed
or retrofitted accordingly. This is not the case for the Rivhe NPP.

As already explained in chapter 5, the assumption of this relatively moderate
source term is not justified in any way. The measures to limit the release in case
of a severe accident have not yet been implemented.

The project flexRISK made an assessment of source terms and identified for
Rivne 1 and 2 a possible source term of 76,500 TBg Cs-137, which is about a
factor 2,000 more than assumed in the EIA Document. (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 Rivne 1&2. 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, for more
than 2,000 meteorological situations the large-scale dispersion of radionuclides
in the atmosphere was simulated.

Figure 5:
Average deposition
of Cs--137 after a hypothetical BDBA in Rivne-1. illustrates the average deposi-
tion of Cs-137 after a severe accident at Rivne-1 with the Cs-137 release of 76.5
PBq. Such an accident could result in a considerable contamination of the Aus-
trian territory; the average deposition of Cs-137 in the simulation is up to 5,000
Bg/m2.

Rowno-1

Average deposition of Cs-137, N= 2776
Maximum in AT 5 kBg/m2

e

7

a

P el

Copyright: Project flexRISK (flexrisk.boku.ac.at), financed by Klima- + Ensrgiefonds, Austria

T | TN [ T
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Bg/m2
i . . [u]
Source: http:/flexrisk.boku.ac.at/en/evaluationAggUnit.phtm umweltbundesamt

Umweltbundesamt ® REP-0754, Vienna 2021


http://flexrisk.boku.ac.at/en/evaluationAggUnit.phtml

EIA Rivne 1&2 Lifetime Extension — Trans-boundary impacts

Rowno-1 Figure 6:
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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 4.83% (see Figure 6:
Weather-related probability for a contamination exceeding 5 kBg Cs-137/m2by a
severe accident at Rivne-1.). The weather-related probability for a contamination
with more than 37 kBq Cs-137/m? is 2.2%, for more than 185 kBg Cs-137/m?
0.68%, and for more than 1,480 kBqg Cs-137/m? 0.04%, respectively.
These probabilities might be low, but in Austria even lower contamination triggers
agricultural countermeasures. These measures include earlier harvesting, closing
of greenhouses and covering of plants, putting livestock in 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 others,
measure A07 ("Immediate harvesting of marketable products, in particular of stor-
able products") with its associated (forecast) levels:
1-131 1-131 Cs-137 Cs-137 Table 4:
Bqg*h/m? Bg/m?  Bg*h/m? Bg/m? Levels for the
Start of measure A07 170 700 350 650 agricultural
countermeasures A07
(BMLFUW 2014)

A  contamination of 5 kBq Cs-137/m? like in Table 4:
Levels for the agricultural countermeasures A07 (BMLFUW 2014) is much higher
than the level for the Cs-137 contamination in the above table, therefore agricul-
tural countermeasures could be necessary on Austrian territory in case of a se-
vere accident at the Rivne site.
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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 beyond 700 km, with the goal to compare
the results 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 accident releases over 30 TBq Cs-137 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.

8.3 Conclusions, questions and preliminary
recommendations

The used source term for Cs-137 (30 TBq) of a beyond design basis accident
(BDBA) was determined on the basis of the limited value of the release according
to the safety requirements of the European operators. The assumption of this
relatively moderate source term is not justified. This limited source term can only
be used if the plant has been designed or retrofitted accordingly. This is not the
case for the Rivne 1&2 NPP. The project flexRISK made an assessment of
source terms and identified for Rivne 1 and 2 a possible source term for Cs-137
(76,500 TBq). This source term is related to the behaviour of the plant in case of
a severe accident and the possible release.

Severe accidents with releases considerably higher than assumed in the EIA
Document therefore cannot be excluded for Rivhe 1&2. Such worst case acci-
dents should be included in the assessment since their effects can be widespread
and long-lasting and even countries not directly bordering Ukraine, like Austria,
can be affected.

Because of the lack of analysis of the worst case scenarios, the conclusion of the
EIA Document concerning trans-boundary effects cannot be considered suffi-
ciently proven.

The results of the flexRISK project indicated that after a severe accident, the av-
erage Cs-137 ground depositions in most areas of the Austrian territory could be
higher than the threshold for agricultural intervention measures (e.g. earlier har-
vesting, closing of greenhouses). Therefore, Austria could be significantly af-
fected by a severe accident at Rivhe 1&2.

2 The criteria for intervention measures in the new Austrian Emergency Plan (BMK 2020) are the
same as in the former Intervention Regulation (IntV 2017, attachment 1). In the new Intervention
Regulation (IntV 2020) the values are no longer published, but a reference is made to the Austrian
Emergency Plan. The Austrian Emergency Plan will be available online in 2021. The link to IntV
(2017) is documented in the References.
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Questions:

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

Preliminary recommendations

1. It is recommended to perform a dispersion calculation using a source
term that is based on specific severe accident analyses of the Rivhel&2.
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9 SUMMARY OF QUESTIONS AND
PRELIMINARY RECOMMENDATIONS

9.1 Overall and procedural aspects of the Environmental
Impact Assessment

Questions

1. How will the results of the EIA be taken into account?
2. What are the further steps in the licensing procedure?

Preliminary recommendation

1. Energoatom and the State Nuclear Regulatory Inspectorate of Ukraine
SNRIU should provide adequate information on the EIA procedure and
the further licensing procedure.

2. Alternatives of the lifetime extensions and the no-action alternative
should be included in the EIA Document.

3. It is recommended to enable public participation in environmental as-
sessments of nuclear projects according to the requirements of the Es-
poo Convention at a time when all options are still open.

9.2 Spent fuel and radioactive waste

Questions

1. What is the expected inventory of spent fuel and radioactive waste from
the lifetime extension of Rivhe 1&2?

N

. What is the status of the central interim storage facility for spent fuel
(CSFSF)?
3. Is an international cooperation for final disposal of spent fuel and/or radi-
oactive waste planned?
4. Which interim and final storages for radioactive waste are in operation in
Ukraine, will their capacity be sufficient to dispose of all radioactive waste
from the lifetime extension and decommissioning of Rivne 1&2?

5. How can the safe storage of spent fuel and radioactive waste be ensured
if the interim storages and final disposals will not be ready in time?

Preliminary recommendation

1. To demonstrate the safe management of nuclear waste detailed infor-
mation 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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Long-term operation of reactor type VVER 440

Questions

1.

What is the time schedule for the necessary improvement of the ageing
management programme (AMP) based on the findings of the Topical
Peer Review (TPR) based on Article 8e of EU Directive
2014/87/EURATOM?

What are the specific findings of the ageing management programme for
Rivne 1&27?

What are the results of Safety Factor (SF) 4 (structures, systems and
components ageing) of the last periodic safety review?

What are the results of the embrittlement of the reactor pressure vessels
(RPVs)?

Is the preparation of a systematic evaluation of the Rivhe 1&2 design
deviations from the current international safety standards and require-
ments envisaged?

Which safety systems and Severe Accident Management (SAM) sys-
tems are shared between the units?

To which extent were and will international documents (IAEA, WENRA)
be applied in a binding manner for the lifetime extension?

When will the WENRA RL be fully implemented in the Ukrainian regula-
tions? Is the application of the RL binding?

. When will be conducted a review on whether the Rivne 1&2 meets the

WENRA RL requirements?

Preliminary Recommendations

1.

It is recommended to implement all available design improvements of
VVER-440/V213 reactor at the Rivne 1&2.

It is recommended to compare the design and features of the Rivne 1&2
with all requirements of WENRA RL F. In case of deviations, the reasons
for this should be explained.

It is recommended to provide the following further information:

a. detailed descriptions of the safety systems, including information on
requirements for the important safety-relevant systems and compo-
nents. Furthermore, detailed description of the measures taken to con-
trol severe 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 of science and technology. This
presentation should include:

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

- Incompleteness of the database and plant documentation
used.
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- Presentation of all safety assessments or parameter defini-
tions by personal expert assessments (“engineering judge-
ment”).

- Presentation of the general approach in dealing with uncer-
tainties and non-knowledge and its effects on risk

- Deviations from the state-of-the-art of science and technol-
ogy with regard to the detection methods used, the technical
estimates and calculation procedures.

- Safety margins available for the individual safety-relevant
components and their respective ageing related changes
compared to the original condition.

d. Information about the ageing management program including:

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

- The very important safety issue of the ageing of the RPVs
(embrittlement), including definition and justification of ap-
propriate safety margins.

9.4 Accident Analyses
Questions
1. What are the source terms of the calculated BDBA in the PSA 2 includ-
ing releases from the spent fuel pools?
2. Which requirements have the filtered venting systems to fulfil, particu-
larly regarding earthquake resistance?
3. What is the currently valid time schedule for the implementation of all
required SAM features for the Rivne 1&2?
4. What are the parameters of the maximum aircraft crash (plane mass
and speed) the buildings of the Rivne 1&2 can withstand?
5. What is the technical justification of the BDBA that is chosen to calcu-

late possible trans-boundary consequences?

Preliminary recommendation

1.

86

It is recommended to use the WENRA Safety Objectives for new NPP
to identify reasonably practicable safety improvements for Rivne 1&2. It
is recommended to use the concept of practical elimination for this ap-
proach.

It is recommended to provide the following information concerning acci-
dent analyses and the results of the PSA (Level 1, 2 und 3):
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a. Core damage frequency (CDF) and large (early) releases
frequency (L(E)RF)

b. Contribution of internal events as well as internal and ex-
ternal hazards to CDF and L(E)RF

List of the beyond design basis accidents (BDBAS)

Source terms of the BDBAs including releases from the
spent fuel pools

e. Time spans to restore the safety functions after the loss of
heat removal and/or station-blackout and cliff edge effects.

Accidents initiated by natural events and site
assessment

Questions

1.

Why has flooding due to extreme precipitation been excluded from the
further consideration of natural hazards?

The probability of the water level of the River Styr to drop below the criti-
cal value of 158.80 m in case of drought is stated with 0.3% per year.
Would the dropping of the water level even lower result in the full una-
vailability of cooling water from the River Styr?

Are the water reserves at the primary and secondary circuits of the
WWER units large enough to cool all four reactors after shutdown from
full power and maintain cooling until a safe state is reached in cases
when no cooling water is available from River Styr?

Is it intended to equip the Rivne NPP with a second, independent cooling
water supply such as ground water wells to ensure the availability of cool-
ing water/essential service water in case of low river water levels and
drought?

With respect to snow loads the EIA REPORT Book 1 (2018, p. 109) refers
to a “current normative document” that sets the normative values of the
snow load for the Rivne region to 1,400 Pa. This value is above the orig-
inal design. What are the consequences of this discrepancy between the
status as-built and the current requirements for buildings housing safety-
relevant SSCs of the Rivne reactors?

TERMINOLOGY USED FOR THE DESCRIPTION OF SEISMIC HAZARDS IN THE EIA
REPORT Book 3 VoL 3 (2018, p. 718ff) appears unclear. The Austrian ex-
perts had to assume that the “design basis earthquake (DBE)”, also
termed “Project Earthquake (PE)”, refers to SL-1 as used by IAEA (2010)
and the “safe shutdown earthquake (SSE)”, also termed “maximum esti-
mated earthquake (MEE)”, refers to SL-2 (IAEA, 2010) or the Design Ba-
sis Earthquake (WENRA, 2014a; 2015). Also they assumed further that
terms like “5 point”, “6 point”, “magnitude 5”, “magnitude 6” refer to inten-
sity (MSK-64 scale) instead of magnitude. Is this correct?

EIA includes contradicting information about the recurrence interval of

‘maximum estimated earthquake” (also termed “safe shutdown earth-
quake”) with I=6. Both, values of 5,000 and 10,000 years are stated as
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recurrence intervals. The Austrian experts ask for the clarification of this
contradiction.

. It appears that I=VI MSK64 is associated with Peak Ground Acceleration

(PGA) of 0.05g. What is the basis for such a correlation between macro-
seismic intensity and ground acceleration?

. The IEA document mentions additional seismic hazard assessments that

were performed in the late 1990ies and early 2000nds. These, however,
are not further explained in the EIA Document. The Austrian experts ask
to provide those references and results of these investigations for the
Rivne NPP site.

10.Karstification and suffusion are listed as hazardous phenomena destabi-

lizing the soil under the NPP site, also under the reactor buildings. Ac-
cording to the EIA REPORT BOOK 3 VOLUME 3, (2018, p.721-722) the foun-
dations for unit 4 are laid on piles reaching below the karstified layer into
basalt.

Are the foundations of the other reactor units constructed in the same
way?

Are the concrete injections sufficient to stabilize fundaments of the other
blocks?

How is the stability of foundations secured for other buildings housing
safety-relevant equipment and safety-relevant underground piping?

11.How is sewage water removed from the site? Is it secured that concen-

trated seepage of sewage water from surface runoffs and/or direct infil-
tration of sewage water does not lead to extended man-made karstifica-
tion and suffusion?

12.The formation of a “ground water dome” at the site proves the continued

outflow of large amounts of water from the hydro-engineering installa-
tions. How is it secured that these outflows do not destabilize the foun-
dation soil by increased karstification and suffusion?

Are the cooling towers, cooling water channels and pipes, which are sup-
posed to be the sources of infiltrating water, subjected to a monitoring
program to secure their stability? Are those structures made of watertight
concrete or lined with other impermeable materials?

What are the measures envisaged to reduce or prevent the infiltration of
technical water and reduce Karstification / suffusion processes?

Preliminary recommendation

1. The list of natural hazards assessed in the EIA REPORT Book 1 (2018) is

not complete. The Austrian expert team recommends the use of the
“Non-exhaustive List of Natural Hazard Types” (WENRA, 2015) as a
starting point to ensure that all site-specific hazards are addressed.

. Natural hazard assessment does not address hazard combinations as

required by WENRA (2014a) and further explained by WENRA (2015).
The Austrian expert team recommended the use of a hazard correlation
chart (e.g., DECKER & BRINKMAN, 2017) as a starting point to ensure that
all relevant combinations are addressed.

. The Austrian expert team recommends the selection of design basis pa-

rameters from design basis events with occurrence probabilities of 104
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per year for all natural hazards that apply to the site and use the derived
parameters to develop adequate protection concepts. This is particularly
important for, but should not be limited to the following hazards: high
wind, external flooding by extreme precipitation, snow storm and snow
load.

4. The Austrian expert team recommends the upgrade of the protection
against wind loads to ensure that SSCs important to safety and buildings
that house SSCs important to safety withstand wind speeds with occur-
rence probabilities of 10 per year.

5. The Austrian expert team recommends the upgrade of the capacity of the
sewer systems to ensure that precipitation intensities with occurrence
probabilities of 10 per year do not lead to (a) water ingress into buildings
that house SSCs important to safety (b) flooding of the basement of such
buildings.

6. The Austrian expert team recommends the re-evaluation of the occur-
rence probability of extreme precipitation that leads to the flooding of the
site and compare the results to the capacity of the sewer system. These
evaluations should consider the possible contribution of thaw water and
combinations of thawing and rain. The precipitation intensity correspond-
ing to the occurrence probability of 10 per year should be taken as the
design basis for the capacity of the sewer system (IAEA, WENRA), and
the sewer systems for individual buildings and the site as a whole should
be upgraded accordingly.

7. The Austrian expert team recommends the evaluation of the possible
safety benefits of an independent ultimate heat sink in addition to the
River Styr (e.g., ground water wells) to further reduce hazards arising
from drought and low river water level.

8. The Austrian expert team recommends to implement the additional in-
vestigations and monitoring measures to identify and mitigate adverse
effects karstification and suffusion suggested in the EIA REPORT BOOK 3
VOLUME 3 (2018), pages 730-731.

9. The Austrian expert team recommends to further analyse the sources of
technical water infiltrating into the karstified aquifer in the foundation soil
of the Rivhe NPP site (e.g., from cooling towers and connected water
channels) and to prevent further infiltration by adequate measures. The
recommended action should prevent the continued degradation of the
foundation soil by man-made karstification and suffusion.

10.The Austrian expert team recommends the implementation of automati-
cally initiated active safety measures that trigger power reduction or shut-
down upon the exceedance of pre-set temperature limits for maximum
and minimum air and/or cooling water temperatures. At the minimum, ad-
ministrative measures should be developed to respond to hazardous
temperature extremes. The protection concept should take into account
the advantage that both, extremely high and low temperatures are pre-
dictable hazards and progress slowly.

11.The Austrian expert team recommends an update of the current seismic
design basis to the value of 0.1g to fulfil the minimum requirements of
WENRA Safety Reference Level T 4.2 (WENRA, 2014a).
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12.The Austrian expert team recommends to use the procedures for the life
time extension of Rivne NPP for a periodic review the site-specific seis-
mic hazard as recommended by WENRA (2016, p. 25). This review
should take advantage of the rapid development of science and technol-
ogy in the fields of geology, seismology and paleo-seismology that were
achieved in the last decades and include targeted assessments of the
major faults closest to the site. Up-to-date fault investigations include, for
instance, reflection seismic and paleo-seismological techniques.

13.The Austrian expert team recommends to apply the WENRA approach
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 con-
ditions than those considered in the design basis.

9.6 Accidents with involvement of third parties and man-
made impacts

Questions

1. What are the requirements with respect to the planned NPP design
against the deliberate crash of a commercial aircraft?

2. Against which external attacks must the reactor building and other safety
relevant buildings be designed? Is this protection still guaranteed despite
adverse ageing effects?

3. Is a peer-review mission of the IAEA International Physical Protection
Advisory Service (IPPAS) planned?

Preliminary recommendations

1. The EIA Document should present the general requirements with respect
to the protection against the deliberate crash of a commercial aircraft and
other terror attacks and acts of sabotage.

2. Inlight of the special situation in Ukraine, the impact caused by third par-
ties (terrorist attacks or acts of sabotage of the plant) should be given
high priority. Protection against cyber-attacks and insiders should be im-
proved. The IAEA's International Physical Protection Advisory Service
(IPPAS) should be used to improve the security.
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9.7 Trans-boundary impacts

Questions:

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

Preliminary recommendations

1. It is recommended to perform a dispersion calculation using a source
term that is based on specific severe accident analyses of the Rivnel&2.
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13 GLOSSARY

AAMS ... Automated Ageing Management System

AM .., Ageing Management

AMP Lo Ageing Management Programme

BDBA ................. Beyond Design Basis Accident

Bg.oooooeiiiiieeeen Becquerel

C()SIP .ccoiine Comprehensive (Integrated) Safety Improvement Program
CDF....cccceeeiii Core Damage Frequency

CRWP ................ Complex for radioactive waste processing
CSFSF ............... Centralized spent fuel storage facility (interim storage for spent fuel)
Cs-137...ccovinen. Caesium-137

DBA.....cccoveennn Design Basic Accident

DEC....cccovveenen Design Extension Conditions

EBRD......c.......... European Bank for Reconstruction and Development
EC..ooviiiiii European Commission

ECR.....cccoiieeen, Emergency Control Room

EIA Environmental Impact Assessment

ENSREG ........... European Nuclear Safety Regulators Group
EOP...ooviiiie Emergency Operating Procedures

EU ..o European Union

EUR.....cooiiie European Utility Requirements

(o [UUPUTPTORP PR Gravitational Acceleration

[&C oo Instrumentation and Control

F131 . lodine-131

IAEA ..., International Atomic Energy Agency
IPPAS.......covee. International Physical Protection Advisory Service
IVMR ..o, In-Vessel Melt Retention

IVR i, In-Vessel Retention

LOCA ....ccovri Loss of Coolant Accident

LRF ..o, Large Release Frequency

LTO e Long-Term Operation

LWR ..., Light Water Reactor

MCR ...oooviiiinee Main Control Room

MDBA................ Maximum Design Basis Accident
MDGPU.............. Mobile Diesel Generators and Pumping Unit
NACP .....ccceenee National Action Plan

NDE ....covciiiinee Non-Destructive Examination

[\ ] Nondestructive Inspection

NPP ...oooiiiiiie Nuclear Power Plant
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NTI e, Nuclear Threat Initiative
OBE.....c.eeeevinnn Operating Base Earthquake

OZ i, Observation Zone (30km)
PGA.....ccoiee Peak Ground Acceleration

PSA ... Probabilistic Safety Assessment

PSR ..o Preliminary Safety Report
PWR.....ooviinies Pressurized Water Reactor
RHWG................ Reactor Harmonization Working Group
RL..coieeieece Reference Level

RPV ..o, Reactor Pressure Vessel

SAM ... Severe Accident Management
SAMG................. Severe Accident Management Guideline
SBO...oveiiiiiiees Station Black Out

SC i Sealed Containment

SE NNEGC ........ State Enterprise National Nuclear Generating Company

SEA ..o Strategic Environmental Assessment
SF. Safety Factors

SFP e Spent Fuel Pool

] C Steam Generator

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

SS Rivne NPP ... Separate subdivision “Rivne nuclear power plant”

SSC..iiiii Structure, Systems and Components

SSE .o, Safe Shutdown Event

I =]o PR Tera-Becquerel, E12 Bq

TCA ..o Technical Condition Assessment

TLAA e Time Limited Ageing Analysis

TPR .o Topical Peer Review

UNECE............... United Nations Economic Commission for Europe

AVAY/ =1 = S Water-Water-Power-Reactor, Pressurized Reactor originally developed

by the Soviet Union

WENRA............. Western European Nuclear Regulators” Association
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