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Foreword

The European Network on Operating Experience Feedback (OEF) for Nuclear Power
Plants, or ‘European Clearinghouse', was established by European nuclear safety regu-
lators to promote the regional sharing of operating experience, the dissemination of les-
sons learned from nuclear power plants (NPP) operation, and the understanding of the
role of OEF systems in the safe and reliable operation of existing and new build NPPs.
The centralised office of the European Clearinghouse (CH) is operated by the Joint Re-
search Centre (JRC) of the European Commission.

More specifically, the CH project aims to:

e improve NPP safety by strengthening cooperation between licensees, regulatory
authorities and the staff of their Technical Support organisations (TSOS) in order
to collect, communicate and evaluate information on reactor operational events
and systematically and consistently apply the lessons learned in all the European
countries taking part;

e establish European best practice for assessing NPP operational events using
state-of-the art methods, computer aided assessment tools and information from
various national and international sources, e. g. EU national regulatory authori-
ties’ event reporting systems and the International Reporting System for Operat-
ing Experience jointly operated by the IAEA and OECD-NEA;

e provide staff to coordinate the OEF activities of the European Clearinghouse and
maintain effective communication between experts from European regulatory au-
thorities and their TSOs involved in OEF analyses; and

e support the long-term EU policy needs on OEF by harnessing JRC and European
TSO research competencies on the methods and techniques of nuclear events
evaluation.

The European Clearinghouse regularly carries out in-depth analyses of events related to
a particular topic (the so-called "topical studies") in order to identify and disseminate the
lessons learned aiming at reducing the recurrence of similar events in the future.

The present study deals with the risks posed by external hazards. Its results are pre-
sented in two reports:

e The Main Report (this document) summarises the results obtained by the study,
prioritising the recommendations and is intended for unrestricted public distribu-
tion.

e The Technical Annex substantiates the recommendations presented in the Main
Report, including details of the events reviewed. It is distributed to the organisa-
tions participating in the European Clearinghouse, as well as authorised users of
the IAEA’s International Reporting System for Operating Experience.



Abstract

Topical studies are a major product of the European Clearinghouse providing in-depth
assessment of safety significant events and generic safety issues. External hazards
are a major challenge to nuclear safety as the Fukushima-Daiichi accident has shown.
This is the second topical study from the European Clearinghouse on this topic taking
into account recent nuclear power plant events in Europe and worldwide. These
events are individually of minor safety significance, but the results of their analyses
from different countries with various types of nuclear reactors should enable the EU
Clearinghouse member countries to apply these generic lessons learned by their nu-
clear safety authorities on the respective nuclear installations.

The evaluation of national and international events caused or influenced by disturb-
ances arriving from offsite the plant is the topic of this report. The external hazards
comprise strong winds, flooding, intrusion of chemicals, vegetable and animals, fires

and man-induced hazards stemming from e. g. traffic or nearby works.

In total 44 high-level lessons learned have been derived from the selected events.
These are discussed and grouped according to the various hazards. Thus, a struc-
tured set of generic lessons learned are provided for the utilisation by regulatory bod-

ies.



Executive Summary

This report on external hazards has two predecessor topical studies: the Topical Op-
erational Experience Report on External Hazards related events at NPPs, 2012, /1/
and the Topical Study on Events Related to Flooding at NPPs, issued in 2018 /2/. The
present report covers events occurring in the period between 2010 and 2020 starting
with the end date of the first study on external hazards and in the period between
2017 and 2020 for the flooding events, respectively. The Fukushima-Daiichi accident
occurred in 2011 is however not described here, as comprehensive and detailed re-

ports about it have already been published and are publicly available.

The aim of the topical studies is to draw generic lessons from operating experiences
in different countries with various types of NPPs to enable the EU Clearinghouse
member countries to apply these generic lessons learned by their nuclear safety au-

thorities on the respective nuclear installations.

The first step was the search of related events in the respective national event data-
bases for NPPs of the Czech Republic, France and Germany. In addition, the data-
base of the international reporting system on operating experiences (IRS) was used.
This database, jointly operated by IAEA and NEA, is the most important source of

significant events from NPPs worldwide.

The second step was focused on the in-depth analysis of the 166 events selected.
The events are categorized in different groups and sub-groups as well as in various
task and cause categories. In the present study, consistently with the first report on

external hazards, the groups comprise:

Group 1: extreme weather conditions with the sub-groups: storm/high winds, ex-
treme (high/low) temperatures, high humidity, and precipitations (without flooding
inside NPP buildings)

e Group 2: external flooding with two sub-groups: weather conditions (with flooding
inside NPP buildings), and system failure/piping break (in connection with exter-
nal environment)

e Group 3: earthquakes

e Group 4: external fires



o Group 5: lightning strikes

e Group 6: fouling events with fouling of water intake entrance and biofouling
caused by external environment

e Group 7: chemical events comprising corrosion caused by external environment
and chemical fouling caused by external environment

e Group 8: man-induced events with effects of nearby industries, river/sea traffic
hazards, air traffic hazards, road traffic hazards, fire and explosion as well as
working in NPP vicinity

e Group 9: other, including solar magnetic disturbances.

The results are shown in tables and charts. The comparison with the former report on
external hazards has to consider that earthquake events were not covered in the first
study and flooding events were only analysed after 2016 and therefore, figures reflect
only rough trends. In this report, the groups “extreme weather conditions” (36 %),
“fouling/biological” (20 %) and “man-induced events” (13 %) represented nearly 70 %
of all selected events. The first two groups had already been the most populated in
the first study. The third one had been the group on “lightning strikes” with 14 % that

contributed only 5 % to the present report.

Similar analyses have been performed for the relative distribution of the selected
events by mode of event detection, the relative distribution of the safety relevance,

and the relative distribution of the systems affected. Electrical systems (28 % of the
events), essential service systems (including component cooling water, essential ser-
vice water, essential compressed air and refuelling water storage) (15 %) and feed-

water, steam and power conversion systems (13 %) were affected the most often.

The most important part of the in-depth analysis is the derivation of high-level lessons
learned. These are derived from the most important events in the respective groups.
The events are described in detail to illustrate the recommended actions (what is rec-
ommended e. g. to prevent, to mitigate or to protect the NPP from recurring the same
or similar events) including their purposes. In addition, the actual (observed) conse-
guences motivating the recommended action are given based on event specific

causes or lessons learned, which support or justify the high-level lessons learned.
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Furthermore, the recommendations have been assigned to four major groups, for

each event group according to the main lesson learned:

* Prediction and monitoring,
» Design and equipment related features,
* Procedures and training, and

* Review and management:

In total 44 high-level lessons learned have been derived from the selected events.
Four groups/sub-groups represent the majority (34 out of 44) of the high-level- lessons

learned:

e Group 3 (Earthquake events) with ten lessons learned,
e Group 8 (Man-induced events) with nine lessons learned,
e Group 1 (High/low temperature events) with eight lessons learned, and

e Group 6 (Fouling events) with seven lessons learned.

The results of this task on external hazards were also used to assess whether climate
change influenced the safety of nuclear power plants. The events evaluated in the
two “External Hazard” studies cover events having occurred in the last 30 years.
There are several events that might be addressed to the “extreme (weather) events”
like the long-term drought in France, in 2003, and a local rainfall event in Germany,

in 2017, beyond the expected maximum.

The increase of climate change impact could be detected through the evolution of the
occurrence frequency of the natural external hazards. However, the nuclear power
plant’s operational response to these hazards is also related to the countermeasures
installed. These countermeasures were developed over time, in particular due to the
national and European Stress Tests after the Fukushima Daiichi accident. Thus, the
resilience of the NPPs against external hazards has significantly been improved in
the last decades based on operating experiences. In this task, no significant impact
of climate change could be determined on the frequency and nature of the selected
events. But this is not an evidence that there has been no climate change impact on

natural external hazards.
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1 Introduction

This topical study on external hazards related events has been developed by a con-
sortium of Technical Safety Organisations (TSO) — the French IRSN, the Czech
SURO and the German GRS - on behalf of the EU Clearinghouse. The main bases
of the evaluation and assessment have been the national event databases of the
Czech Republic, France and Germany. In addition, the international event database
IRS (International Reporting System on operating experiences jointly managed by the

IAEA and the NEA) provided input from safety relevant events all over the world.



2 Methodology and database screening

2.1 Definitions of external hazards

The IAEA defines an external hazard related events as "Events unconnected with the
operation of a facility or the conduct of an activity that could have an effect on the
safety of the facility or the activity". Typical examples of external events for nuclear

facilities include earthquakes, tornadoes, tsunamis and aircraft crashes. /6/

The IAEA Specific Safety Requirement SSR-1 /3/ lists external events to be consid-
ered in design of NPPs.

* Seismic hazards

* Volcanic hazards

* Meteorological hazards

* Flooding hazards

* Geotechnical hazards and geological hazards

+ Other natural hazards such as wildfires, drought, hail, frazil ice formation, diver-
sion of a river, debris avalanche and biological hazards (e. g. jellyfish, small ani-
mals and barnacles)

* Hazards associated with human induced events, like aircraft crashes, chemical
hazards, events associated with nearby land, river, sea or air transport (e. g. col-
lisions and explosions); fire, explosions, missile generation and releases of haz-

ardous gases from industrial facilities near the site; electromagnetic interference.

For the purpose of this study, all natural and human-induced events not directly con-
nected with the NPP operation are taken into account. These might also include
events on-site but outside of buildings, for example if the consequences of an on-site
fire are similar to those of off-site fires. Human-induced events caused by malevolent

acts are excluded from this study.

2.2 Methodology

This report complements the findings which were developed in the first Clearinghouse

study on external events /1/. While the first study covered the years up to 2009, the



present one is based on the operating experience between 2011 and 2020. The con-
sortium agreed to fill the period between the studies, in such a way that no event

should be missed.

The development of the study was structured in four steps:

Selection of relevant events
2. Analysis of the relevant events in such detail that
e the events could be attributed to the various hazards,
¢ the affected systems could be identified,
e causes of the events could be determined, and
e lessons learned could be described.
3. Integration of the various events from the different databases to derive generic
high-level lessons learned.
4. Compilation of the final report.

The consortium has analysed all the events screened per database. The result of the
classification has been documented in a common list of events comprising the follow-

ing items:

¢ hazard group,

e hazard sub-group,

e system affected,

e type of initiator (actual, potential or actual / potential),
e detection mode of the event,

o direct cause(s),

e root cause(s),

e corrective actions,

e consequences of the event,

e safety relevance, and

e |essons learned.



2.3 Description of categories

The search of the four databases was performed using specific codes and guidewords
appropriate to the language and structure of the respective database. In total 166
reported events could be identified.

The events were grouped with the help of the categories used in the first study /1/.
There are minor differences between the groups of the first study and those of the
current study. The former group “extreme heat sink conditions” was subsumed under
Group 1 as a new sub-group “extreme temperatures”. A new group “Earthquakes”
was added. Earthquake related events had been dealt with in another former study
/4] and were therefore not been comprised in the first study on external hazards.

The following hazard groups and sub-groups were used:

Group 1: extreme weather conditions

* Extreme temperatures
« Strong wind, tornado, typhoon
* High humidity

Extreme precipitation Group 2: external flooding

* Weather conditions (including flooding inside NPP buildings)

» System failure/piping break (in connection with external environment)

Group 3: Earthquakes

Group 4: External fires

Group 5: Lightning strikes

Group 6: Fouling events

* Fouling of water intake entrance

+ Biofouling caused by external environment

Group 7: Chemical events



» Corrosion caused by external environment

* Chemical fouling caused by external environment

Group 8: Man-induced events

» Effect of nearby industries
* River/sea traffic hazards

* Air traffic hazards

* Road traffic hazards

* Fire and explosion

*  Working in NPP vicinity

Group 9: Other, including solar magnetic disturbances.

When an external event was initiated by the combination of different external phe-
nomena, the event was in most cases classified according to the phenomenon having

the main impact on the event initiation.



3 Screening results

In the following sections the results of the event analyses are shown in separate tables
based on the groups described in section 2.3 and further categories. The results are
shown in simple graphs and are compared with the results of the first study on external
hazards /1/.

3.1 External Hazards

Table 3.1 shows the distribution of events for the hazard groups described in section

2.3. Some of the groups are divided into sub-groups to allow more detailed analyses.

Table 3.1 Results of the event analysis regarding the group and subgroup

External Hazard

Event group Sub-group Number of events
Extreme Weather Conditions 59
Extreme temperatures 30
Strong wind, tornado, typhoon 11
High humidity 1
Extreme precipitation 17
Flooding 12
Flooding by weather conditions 8
Flooding by a system failure/pipe break 2
Other 2
Earthquake 16




External Hazard

Event group Sub-group Number of events
External fire 2
Lightning strike 9
Fouling of water intake / biological 33
Chemical conditions 9
Seacoast sites (chemical) 0
Corrosion by water retention (chemical) 2
Other cases (chemical) 5
Other 2
Man-induced events 22

Human activities in the vicinity of the NPP

(man-induced) °
Other 15
Solar-magnetic disturbances 0
Other 3
Unknown / unspecified 1
Total 166

Table 3.1 shows the distribution of events regarding the initiator “External Hazard”

with respect to the groups and sub-groups defined. The three most frequent initiators



have been “extreme weather conditions” (59 events / 36 % of all events), “fouling of
water intake / biological” (33 events / 20 %) and “man induced events” (22 events /
13 %).

The comparison with the results of the first study on external hazards /1/ has some
limitations. First, the time frame was different (10 versus 20 years) and the Czech
events have not been included and evaluated in the first study. The different defini-
tions of the groups have been respected with adapting the data of the first study to
the definitions of the present one. It has also to be taken into account that seismic
events were not included in the first study and that flooding events were considered
in the second study only for those events that occurred after 2016.

Comparison of the Hazard Group
Percentages

OTHER / UNSPECIFIC

SOLAR MAGNETIC
MAN-INDUCED

CHEMICAL

FOULING

LIGHTNING STRIKE

EXTERNAL FIRE

EARTHQUAKE

FLOODING

EXTREME WEATHER CONDITIONS

0 5 10 15 20 25 30 35 40 45

® Former Study m This Study

Figure 3.1 Comparison of the results of the relative distributions of external hazard

related events in this study and the former study /1/

But within the most frequent hazards and as compared to the present study, “extreme
weather conditions” and “fouling of water intake / biological” remained the two most
frequent hazards (see Figure 3.1). Instead of “man-induced events”, the third most

frequent hazards had been “lightning strikes” (31 events / 14 %).

More generally and considering the reasons mentioned above, the figures deduced
from this report should not be considered in absolute terms, but rather as reflecting

rough trends.



3.2 Type of Initiator

The key element factor “type of initiator / nature of event” allows to distinguish whether
the initiating event has really occurred or whether there were findings that could have
limited the ability of the NPP to control a potential event as foreseen in the design.
For example, if a hurricane hits a NPP site and damages some equipment, then the
event would be called an “actual” initiator. If a regular inspection detects loose wall
cladding parts that would not withstand high wind velocities and could damage other
equipment when getting loose, this would be marked as “potential”, because it was
detected without a real initiator. There is a third choice named “actual / potential” that
reflects those event reports that include several events constituted of “actual” initiators
as well as of “potential” initiators. These event reports can be found in the IRS data-

base namely for US information notices.

Table 3.2 Results of the event analysis by type of initiator

Type of Initiator

Number of events
Actual 138
Potential 21
Actual / potential 7
Total 166

Most of the events selected describe events with an actual initiator (138 i. e. about
83 %). There are 21 potential events (about 13 %) and 7 events (about 4 %) that ei-
ther discuss as well actual as potential events (e. g. generic event reports describing
several events) or events that have both characteristics. These latter events have had

an actual initiator and revealed the potential for other initiators.



3.3 Detection Mode of the Event

The mode of detection of an event is interesting to define corrective actions. As ex-
ternal hazards are considered in the design of NPPs, measures and procedures are
established to cope with the hazard. The corrective actions are meant to put the NPP
into safe operating conditions again, by resolving the failures detected during the

event.

Table 3.3 shows the result of the evaluation of the extended list of events regarding
the mode of detection of the external hazard. It has to be noted that in two events
there have been two modes of detection, which explains the total of 168 instead of
166 in Table 3.3. The most frequent mode of detection has been “alarms” (81 events
/ 48 %). The second most frequent mode of detection is characterized by “inspection

and functional testing” (24 events / 14 %).

Table 3.3 Results of the event analysis by the detection mode of the event

Detection Mode of Events
Number of events

Multiple choices possible

Alarm 81
Inspections and functional testing 24
Maintenance 8
Walkdown 17
Review/Analyses 17
Other 11
Unknown/Unspecified 10
Total 168

Figure 3.2 illustrates the results of the distribution of the key element factor “detection

mode”.
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Releative distribution of detection modes

UNKNOWN/UNSPECIFIED

OTHER

REVIEW/ANALYSES

WALKDOWN

MAINTENANCE

INSPECTIONS AND FUNCTIONAL TESTING

ALARM

Figure 3.2 Relative distribution of the selected events by detection modes

According to Table 3.4, there is a significant difference in the detection mode between

events with an actual initiator compared to events without an actual initiator.

While most of events with an actual initiator were detected by “alarms / inspections” and
“functional testing” with 58 % and 12 %, respectively, the events with a potential initiator
were mainly detected by “inspections and functional testing” and “review/ analyses” (8
resp. 9 events i. e. 36 % and 41 %). The percentages are always based on the total
number of occurrences in the columns “actual” and “potential”, respectively. The analysis
shows the expected result that actual initiators are mainly detected by alarms i. e. the

control room personnel is directly alerted by the plant’s response to the initiator.

11



Table 3.4 Result of the event analysis regarding the dependence of the detection

mode on the type of initiator

Detection Mode (MC) vs. Type of Initiator

Type of Initiator

ac- actual / poten- Total
tual potential tial
multiple choices possible
Alarm 80 1 0 81
Inspections and functional testing 16 0 8 24
Maintenance 8 0 0 8
Walkdown 13 2 2 17
Review/Analyses 5 3 9 17
Other 10 1 0 11
Unknown/Unspecified 7 0 3 10
Total 139 7 22 168
34 Safety relevance

The common definition (see /3/) of safety relevance is related to the conditional core

damage frequency (CCDF) of the event. This frequency can be assessed by precur-

sor studies. The common definitions are:

e high safety significance: CCDF > 10 E-4
e medium safety significance: CCDF < 10 E-4 but > 10 E-5
e low safety significance: CCDF < 10 E-5 but > 10 E-6

e no safety significance: CCDF < 10 E-6

This common definition is not applied in the same manner in different countries. For

many events (esp. events reported to IRS), the CCDF is unknown to the consortium

analysts. Slight differences between the aforementioned generic definition and the

assessments of specific events. In order to overcome this difficulty, this key element

12




factor is named “safety relevance” instead of “safety significance”. To ease the as-
sumption of the safety relevance, events with low or no safety relevance have been

put into the same category “low safety relevance”.

In the “Flooding” topical study /2/, there was a further principle of classification used

that is easier applicable:

¢ high safety significance: more than one safety function affected
¢ medium safety significance: one safety function affected
¢ |low safety significance: safety function redundancy reduced

e no safety significance: no safety function affected

In this context, a safety function is a means to prevent or to mitigate potential radio-
logical consequences of normal operation, anticipated operational events and acci-
dent conditions. The consortium analysts have classified the safety relevance of the
events with respect to the impact on plant safety without using probabilistic safety
assessment results. Thus, the evaluation mainly depends on expert judgment.

Table 3.5 Results of the event analysis with respect to safety relevance

Safety Relevance

Number of events
High 6
Medium 23
Low 137
Total 166

The analysis of the data shows that more than 82.5 % of the events are of low signif-
icance. There are 13.9 % of the events of medium safety significance and 3.6 % of

high significance.

3.5 Systems affected

The evaluation of the events showed that a great variety of systems has been af-
fected. The affected systems mainly comprise electrical AC systems (e. g. emergency

buses) (58 entries) as well as essential service systems (including component cooling

13



water, essential service water, essential compressed air and refuelling water storage)
(30 entries) and non-essential cooling systems (like condenser cooling system) (26

entries).

Table 3.6 Results of the event analysis regarding the “Systems affected”

Systems affected

Number of events

Primary systems 5
Essential reactor auxiliary systems 13
Essential service systems 30
Essential auxiliary systems 4
Electrical systems 58

Feedwater, steam and power conversion

systems 26
Heating, ventilation and air conditioning systems 9

Instrumentation and Control 16
Service auxiliary systems 15
Structural systems 11
Waste Management 3

Other, unspecified, no system affected 14
Total 204

In total, more than 60 different systems have been mentioned. In Table 3.6 and Figure
3.3 the systems have been grouped according to the main IRS categories. It has to

be noted that more than one system could be attributed to a single event.

The major systems that were affected by external hazard related events are the elec-
trical systems (28 %), essential service systems (15 %) and feedwater steam and
power conversion systems (13 %), see Fig. 3.3. A more in-depth look into single sys-
tems reveals that high voltage systems (offsite and onsite) as well as essential raw
cooling and service water systems are the most significant single systems involved in

the selected events.

14



Relative distribution of the systems affected

OTHER, UNSPECIFIED, NO SYSTEM AFFECTED
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Figure 3.3 Relative distribution of the systems affected according to the main IRS

categories
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4 Results of the analysis

4.1 Comparison to first study on external hazards

The comparison of the results of this study and the previous report /1/ has to reflect
the differences between the two studies. In the first one, seismic events were not
considered. In the second study flooding events were only considered after 2016.
Both constraints should avoid double work because of former studies on the respec-

tive topics.

The comparison shows nevertheless that the type of external hazards leading to
events has still the two main groups “extreme weather conditions” and “fouling of wa-
ter intake / biological”’. These two groups have initiated more than half of the events
described in the four databases used in this study and even about 2/3 of the events
in the first study. With respect to the differences between the two approaches and the

low number of events, the results show a satisfactory concordance.

The second key element factor that can be compared reflects the safety relevance of
the events. In both studies about 80 % of the events were of low or without safety
relevance and about 20 % of medium or high relevance. The generic significance of
the events reported in the national databases and the IRS database seems to remain

constant.

4.2 Influence of climate change

Climate change may have an important impact on nuclear reactor safety. The NEA
has established an Ad hoc Expert Group on climate change: Assessment of the Vul-
nerability of Nuclear Power Plants and Cost of Adaptation (NUCA). The main threads
related to climate change for nuclear reactor operation are listed in a common presen-
tation of the NEA and the IAEA to the United Nations Framework Convention on Cli-
mate Change /5/. They distinguish between gradual changes and extreme (weather)

events:
Gradual change: Changes in mean and variability over decades

* Temperature
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* Precipitation
*  Wind patterns
* Insolation

* Sea level rise

Extreme events: Occurrence above or below limit values, near to boundaries of ob-

served values

* Heat waves, heavy precipitation, drought, high winds/storms, etc.

* Increasing frequency and intensity, affecting larger areas, prevailing long

The events evaluated in the two “External Hazard” studies cover events having oc-
curred in the last 30 years. There are several events that might be addressed to the
“extreme (weather) events” like a long drought in France, 2003, and an extreme, but

local rainfall event in Germany, 2017.

The increase of climate change impact could be detected through the evolution of the
occurrence frequency of the natural external hazards. The NPP operational response
to these hazards is also related to the countermeasures installed which were devel-
oped over this time. As an example, after the Fukushima Daiichi accident and the
subsequent national and international stress-tests were performed and several na-
tional rules and regulations were adopted. As a result, the NPP countermeasures
against flooding have been strengthened. Thus, the resilience of the NPPs against
external hazards has been improved due to safety related modifications in the last

decades that were based on operating experiences.
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5 High-Level Lessons Learned

The lessons to be learned from the review of operating experience have been split
into the event groups, which have been chosen in this study to reflect the different
external hazards. Within these event groups, further categorization has been done
according to the sub-groups defined for the study, if their lessons learned apply in a
major way to the sub-group itself and are not generally applicable to overarching event
group. For example, a lesson learned to cope with high temperatures may not affect
events with strong winds. Therefore, extreme temperatures and strong winds are sep-

arated sup-groups in the group “extreme weather”.

The extraction of the lessons learned from operating experience has been completed
in two steps. First, the detailed, event-specific insights were categorised under one of
the event group. Then, for each group, all information was reviewed in search of com-
mon concepts underlying the detailed insights, and these concepts were used to de-
fine one or a few high-level lessons learned for each group.

In this synthesis effort, lessons learned have been defined in a way that they are
neither not too specific so that they would have a too limited applicability nor too wide
in order they could be considered as common sense, already known to everyone.

Lessons learned have been elaborated containing the following elements:

— The recommended actions (what is recommended e. g. to prevent, to mitigate or
to protect the NPP from recurring the same or similar events) including their pur-
poses.

— The actual (observed) consequences motivating the recommended action based
on event specific causes or lessons learned from the considered event, which

support or justify the lessons learned.

Furthermore, the recommendations categorized within these sub-chapters have been

assigned to four major topics:

e Prediction and monitoring:

Lessons learned in this category predominantly address either the prediction of
external hazards, as applicable, or monitoring of certain parameters to be early

notified about imminent external hazards or their effects.
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e Design and equipment related features:

Lessons learned in this category predominantly address technical issues related
to structures, systems, components, and mobile equipment, which may be used
for preventing, protecting against or mitigating the effects of external hazards,
independent of their use within normal operating procedures, emergency proce-
dures or severe accident management guidelines. This also includes reviews and
assessments, which are clearly aimed at identifying additional necessary
measures, e. g. need for modification or further equipment.

e Procedures and training:

This group contains lessons learned, which predominantly affect procedures and
training. This also includes reviews and assessment, which are clearly aimed at
developing new or amending existing procedures and corresponding training.

e Review and management:

Lessons learned in this group are related to reviews, analyses and assessments
themselves, independent of any necessary measures which might stem from
these reviews. Examples might be periodic safety reviews, safety assessments,
operating experience feedback, etc. Furthermore, this group contains lessons
learned related to NPP plant management such as staffing, organizational issues,

safety culture, etc.

The sub-chapters for each group and sub-group follow the same structure. At first, a
short introduction of the scope of the group/sub-group is given. The high-level lessons
learned derived from the events are presented in a table. Later, the reasoning behind
each high-level lesson learned is explained. All high-level lessons learned are as-

signed to the four major topics described above.

5.1 Extreme Weather Conditions

The group Extreme Weather Conditions has several sub-groups (Extreme Tempera-
tures; Strong Wind, Tornado, Typhoon; High humidity; and Extreme precipitation).
For each subgroup, event samples and the related lessons learned are given in the

corresponding subchapter.
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5.1.1 Extreme Temperatures

The events triggered by extreme external temperatures led to different consequences

such as:

— Equipment malfunctioning due to high temperature of the surrounding environ-

ment;
— Equipment failure/malfunctioning due to freezing of water;

— Short time change of pressure in the containment;

— Potential damage of structures, systems and components due to inadequate ac-

commodation of maintenance processes carried out by internal or contracted per-

sonnel.

5.1.1.1 High-level lessons learned

The related individual lessons learned, and corrective actions indicate generic lessons

that are provided according to the four categories:

Prediction and monitoring: LL Temp#1 + #4;
Design and equipment: LL Temp#5 & #6;
Procedures and training: LL Temp#7;

P w0 NP

Review and management: LL Temp#8.

Table 5.1 Lessons learned for events in Extreme Temperatures sub-group

Extreme Temperature related Lessons Learned

Temp#1: Additional and regular checks on the temperature regime

Temp#2: Check and monitoring of the equipment and buildings during or after ex-
treme weather conditions

Temp#3: Preparation of systems due to expected weather changes

Temp#4: Checks, monitoring and analysis

Temp#5: Thermal insulation of exposed lines

Temp#6: Design assessment

Temp#7: Work planning and management, working procedures and training
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Extreme Temperature related Lessons Learned

Temp#8: Instructions to avoid the loss of heating of several ventilation systems at
negative external air temperature

5.1.1.1.1 Prediction and monitoring

e LL Temp#1: Additional and regular checks on the temperature regime

The Licensee should carry out additional checks on the temperature regime in the
NPP process areas and if necessary, take steps to maintain the necessary tempera-

ture regime in the concerned areas.

e LL Temp#2: Check and monitoring of the equipment and buildings during or after

extreme weather conditions

The Licensee should check as needed the state of the equipment and buildings during

or right after the end of extreme weather episodes.

e LL Temp#3: Preparation of systems due to expected weather changes

Maintenance programmes of equipment (whether safety related or not) should take
into account weather condition change and foresee subsequent protection means
(e. g. insulation, heat tracing) to protect equipment against freezing. More generally,
the licensee should check and avoid the presence of stagnant water in equipment
(e. g. fire protection lines) likely to be exposed to cold weather and to freeze and

damage the equipment.

e LL Temp #4: Checks, monitoring and analysis

In addition to the periodic safety review, continuous checks and monitoring need to
be carried out to detect and address any places and any structures, systems and
components that could eventually turn into a weak point in assuring the resistance of
the NPP against extreme temperatures. These checks and monitoring should be car-
ried as parts of regular daily walkdowns and standard inspections programmes and
by specific walkdowns and inspections after the extreme temperatures die down.

Analyses of extreme temperature events that occurred earlier on the NPP and other
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NPPs of the similar type should also be carried out to identify possible risks as early

as possible and minimize their impact on safety.

5.1.1.1.2 Design and equipment related features

e LL Temp#5: Thermal insulation of exposed lines

The Licensee should assess and ensure the thermal insulation of lines exposed to
cold air temperature by appropriate means e. g. by heat tracing, avoiding heat transfer
through contact with metallic material and by maintaining sufficient heating of the line

rooms in hard winter conditions.

o LL Temp#6: Design assessment

NPP design should always be reassessed for resistance against extreme temperature
when new relevant facts and experiences are identified and become known. When
preparing design modification of structures, systems and components, their re-
sistance against extreme temperatures under new configuration should always be

assessed.

5.1.1.1.3 Procedures and training

e LL Temp#7: Work planning and management, working procedures and training

When planning and preparing activities on the site, risks related to possible occur-
rence of extreme temperatures shall always be taken into consideration. This also
includes preparation and checks of procedures, means to be used and personnel. It
should be assured that working procedures include measures and activities to cope
with extreme temperatures. NPP personnel and contractors should accommodate
their activities and use of means to temperatures on the site, specifically if freezing
occurs or it is likely to occur. This may include emptying of outdoor water systems to

avoid pipe cracks due to ice formation in stagnant water.

5.1.1.1.4 Review and management

e LL Temp#8: Instructions to avoid the loss of heating of several ventilation sys-

tems at negative external air temperature
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Clear and firm instructions regarding operational modes of air intake systems at neg-
ative external air temperatures should be given to prevent overcooling and subse-
quent possible technical failures. These instruction concern operators of these sys-
tems, who adjust the operation mode of the respective system and the authorization

of maintenance works on these systems.

512 Strong Wind, Tornado, Typhoon

5.1.2.1 High-level lessons learned

Strong winds, tornados and typhoons can lead to Loss of offsite power (LOOP) as
well as degraded/impaired equipment or even further multiple failures, despite being
known and measures have been taken or are in place in each NPP in accordance
with their respective safety assessment. The individual lessons learned and corrective
actions from these events indicate generic lessons, which are presented in the follow-

ing main categories:

Prediction and monitoring: no LL
Design and equipment: LL Wind#1 to #3;
Procedures and training: LL Wind#4;

P W NP

Review and management: no LL.

Table 5.2 Lessons learned for events in the Strong Wind, Tornado, Typhoon sub-

group

Strong Wind, Tornado, Typhoon related Lessons Learned

Wind#1: Emergency Diesel Generator (EDG) lockouts during strong winds/low baro-
metric conditions due to actuation of differential pressure measurements

Wind#2: Ensuring availability of EDG cooling and alternate AC power sources in
case of debris accumulation due to strong winds/storms or tornados

Wind#3: Ensuring robustness of non-credited buildings and buildings owned by other
companies on site or adjacent to NPPs to prohibit impact on plant equipment due to
lack of structural integrity

Wind#4: Specific and integral procedures for strong wind/storm/tornados.
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5.1.2.1.1 Design and equipment related features

e LL Wind#1l: Emergency Diesel Generator (EDG) lockouts during strong
winds/low barometric conditions due to actuation of differential pressure meas-

urements

Licensees should assess whether EDG pressure signals which are used in EDG trip
signals might be affected by low or very low barometric conditions. Even if such trip
signals are bypassed by active emergency diesel generator actuation signals, an EDG
lockout condition could result and lead to temporary loss of onsite AC emergency
power if the corresponding barometric conditions apply prior to an emergency diesel
generator actuation signal being active. High wind speeds and subsequent low baro-
metric conditions may already apply before high winds/storms/tornados could lead to
actual loss of offsite power. Thus, technical and/or procedural measures should be in
place to ensure EDG availability in case of imminent high winds/storms/tornados,
which might endanger offsite power supply. Similar effects, i.e. inadvertent actuation
of safety signals, may also be affected by other safety related pressure measure-
ments, which rely on differential pressure and may be affected by low or very low

barometric conditions, e. g. containment pressure signals.

EDGs need to be able to perform their safety function. A lockout condition, albeit tem-
porary due to manual resetting capabilities (e. g. locally at the EDG), may impair cop-
ing with loss of offsite power events especially in conjunction with other capacity im-
pairments, e. g. ongoing EDG maintenance. Loss of offsite power events easily occur
during strong winds, tornados and typhoons due to impacts on transmission lines fur-
ther offsite the plant and thus pose a challenge albeit no immediate effects aside of

low barometric pressure are experienced on site.

e LL Wind#2: Ensuring availability of EDG cooling and alternate AC power sources

in case of debris accumulation due to strong winds/storms tornados

Licensees should be aware of potential impacts on EDG (and other safety related
equipment) cooling ability by susceptibility of essential service water trains being
clogged by debris accumulation during strong winds/storms/tornados. In order to pre-
clude a negative impact on EDG cooling, alternate means for EDG cooling or addi-
tional AC power sources should be assessed, if not already in place. The availability

of these alternate means should be assessed for potential impacts by strong winds/
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storms/tornados too. Alternate means include suction sources, which are spatially
significantly apart and thus are at a reduced risk of concurrent blockage, as well as
mobile equipment that could either provide cooling water to EDGs or AC power them-

selves.

The clogging of essential service water trains due to increased amount of debris has
been generally addressed in the family “biological/fouling of water intake”. Lessons
learned and capabilities thus are partially applicable in case of high winds/storms/tor-
nados here too. Alternate sources for EDG cooling or AC power generation have been
introduced at NPPs as a result of Fukushima Daichi event but may not be specifically
addressed or foreseen as mitigation measures for high winds/storms/tornado events.

e LL Wind#3: Ensuring robustness of non-credited buildings and buildings owned
by other companies on site or adjacent to NPPs to prohibit impact on plant equip-
ment due to lack of structural integrity

Licensees should ensure that non-credited (conventional) buildings (like offices) and
buildings owned by other companies irrespective of being on site or nearby are suffi-
ciently robust and properly maintained to withstand prevailing weather conditions to
such an extent that they do not impact plant equipment or installations due to lack of
structural integrity, e. g. tornado missiles, blown off roofs, dam failures etc. This is
especially relevant for non-credited buildings or buildings owned by other companies
which are adjacent to equipment/installations providing essential support to safety
systems. Thus, giving advice and cooperation on civil inspection programmes or
agreement of civil inspection programmes of partner organizations (on site) or neigh-
bouring organizations may ensure early identification and amendment of defects or

degradations.

Station switchyards and outgoing transmission lines can be easily impacted and fall
due to tornado missiles, blown-off roofs, etc. which stem from buildings on site or
adjacent to these installations and which might not necessarily be owned by the licen-
see during high winds. In conjunction with other impacts, such as offsite transmission
grid problems (e. g. failed transmission lines, transmission grid substation problems)
these could exacerbate NPP capabilities to cope with (partial) losses of offsite power

during high winds.
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5.1.2.1.2 Procedures and training

e LL Wind#4: Specific and integral procedures for strong wind/storm/tornados

Licensees should ensure specific procedures for strong wind/storm/tornados are in
place and well understood and operating staff is trained to apply them. The proce-
dures should cover all aspects of dealing with high wind/storm/tornados. These in-
clude being notified or monitoring potential for imminent high winds/storms/tornados,
preparatory measures to be taken, triggers for assessing the extent of condition, re-
storing equipment including reconfiguration of electric systems, and clear exit condi-
tions. In addition, respective emergency procedures to be applied during related risks
to plant operations should provide plant personnel with necessary assistance to cope
with such events. The procedures should be suitable to manage complex situations

initiated by or cumulated with high wind/storm/tornados.

5.1.3 Extreme precipitation

In case of extreme precipitations, practically all events resulted in rainwater penetra-
tion into nuclear power plant compartments and subsequent damage or malfunction-

ing of equipment.

5.1.3.1 High-level lessons learned

The related individual lessons learned and corrective actions indicate generic lessons

that are provided according to the following categories:

1. Prediction and monitoring: no LL
2. Design and equipment: LL Rain#1 and #2;
3. Procedures and training: no LL;

4. Review and management: LL Rain#3.

Table 5.3 Lessons learned for events in the Extreme Precipitation sub-group

Extreme Precipitation related Lessons Learned

Rain#1: Design of the roofs of buildings containing equipment important to safety

Rain#2: Design assessment of drainage capacity

Rain#3: Checks, monitoring and analysis
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5.1.3.1.1 Design and equipment related features

e LL Rain#1: Design of the roofs of buildings containing equipment important to
safety

The design of the roofs of buildings containing equipment important to safety should
conservatively take into account the loads resulting from snow and frozen water that
could accumulate on them. This design should be revised as soon as new data and/or
assessment methodologies are available.

e LL Rain#2: Design assessment of drainage capacity

NPP design should always be reassessed for resistance against extreme precipitation
(e. g. drainage capacity) when new relevant facts and experiences are identified and
become known. When preparing design modification of structures, systems and com-
ponents their resistance against extreme precipitations under new configuration

should always be assessed.

5.1.3.1.2 Review and management

¢ LL Rain#3: Checks, monitoring and analysis

In addition to the periodic safety review, continuous checks and monitoring need to
be carried out to detect and address any places and any structures, systems and
components that could eventually be a weak point in assuring the resistance of the
NPP against extreme precipitation. These checks and monitoring should be carried
out in a form of regular daily walkdowns, specific planned walkdowns and inspections
with a week or a longer time periodicity. Analyses of extreme precipitation events that
occurred earlier on the NPP and other NPPs of the similar type should also be carried
out to identify possible risks as early as possible and minimize their impact on plant

safety.
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5.2 Fouling of water intake/biological

5.2.1.1 High-level lessons learned

The selected events show fouling of the water intake or biological impacts persist,
despite being known and measures have been taken or are in place in each NPP
which relies on natural cooling water, i.e. rivers, lakes, coastal sites. The individual
lessons learned and corrective actions from these events indicate generic lessons,

which will be presented in the following main categories:

Prediction and monitoring: LL Foul#1 and Foul#2
Design and equipment: LL Foul#3 and Foul#4;
Procedures and training: LL Foul#5 and Foul#6;

0N

Review and management: LL Foul#7.

Table 5.4 Lessons learned for events in the Fouling of Water Intake/Biological sub-

group

Fouling of Water Intake/Biological related Lessons Learned

Foul#1: Prediction and forecasting of biological/marine formation and ingress.

Foul#2: Monitoring, trending and display of important cooling water performance
parameters for identifying degrading performance

Foul#3: Monitoring and trending of mitigation measures, i.e. fish and trash nets,
drum screens, strainers and sieves

Foul#4: Availability of backwashing and cleaning measures

Foul#5: Specific and integral procedures for marine ingress

Foul#6: Procedures for fouling of water intake/biological

Foul#7: Importance of management involvement to foster further mitigation of risks

5.2.1.1.1 Prediction and monitoring

e LL Foul#l: Prediction and forecasting of biological/marine formation and ingress

Prediction and forecasting of the locally encountered biological/marine formation as

well as debris monitoring should be improved and utilized to enhance understanding
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of the formation and occurrence frequency. Increased amount of information can as-
sist in predictive modelling and forecasting. This in turn should be used to provide
plant personnel with necessary and sufficient information to take decisions and pre-
paratory time to implement measures. Furthermore, risk assumptions can be updated

and risk-assessment re-validated.

e LL Foul#2: Monitoring, trending and display of important cooling water perfor-
mance parameters for identifying degrading performance

The monitoring, trending and display of important cooling water performance param-
eters should be assessed for improvement with regard to explicit use for identifying
degrading performance due to ingress of biological, marine formation or debris. Infor-
mation can support operators in conservative decision making, e. g. assessing the
situation earlier by utilizing efficient monitoring means (e. g. walkdowns, visual
checks) and therefore undertake the relevant actions (e. g. pre-emptive strainer/drum
screen cleaning) and an adapted strategy for the operating of the reactor.

The given events led to loss of cooling water flow, e. g. by pump trips due to existing
protection such as high drum screen differential pressure, and subsequently to turbine
trips and shutdowns (either manual or automatic). As these protections worked as
designed, the events showed that control room staff either experienced automatic
protection measures or high alarm signalling, e. g. high drum screen differential pres-

sure, which did not leave enough time to take preventive or remedial measures.

5.2.1.1.2 Design and equipment related features

e LL Foul#3: Monitoring and trending of mitigation measures, i. e. fish and

trash nets, drum screens, strainers and sieves

The operating experience from these events indicate, that measures in place were
not suited either for the amount of ingress experienced and/or the type of marine life
encountered. Besides timely installation of retention measures, i. e. nets, which
should be considered for permanent installation, the events showed tides, wave for-
mation or low lake levels may impact the effectiveness of top net skirts. On other
occasions, the screens and strainers eventually were damaged due to overwhelming
loads of debris or were ineffective to remove the screened marine debris, which re-

sulted in screen/mesh blocking and thus significant reduced water through flow.
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Thus, licensees should monitor and trend the effectiveness of their mitigation
measures, such as trash nets, drum screens, strainers and sieves. This applies to
existing measures as well as measures taken in response to events of intake fouling
by ingress of biological, marine formation or debris. Besides technical design features,
e. g. overall retention capacities, monitoring and trending should also assess the im-
pact of tidal or wave formations on nets, as well as the specific retention capabilities
of the introduced measures with regard to type of biological and marine life existing
at their respective plant locations. The monitoring and trending should be used to
assess the existing and planned measures and derive necessary further actions, e. g.
procedural updates or additional modifications (i. e. permanent or additional installa-

tion of measures).

o LL Foul#4: Availability of backwashing and cleaning measures

Licensees should assess the availability of backwashing and cleaning measures of
screens and strainers and be aware of risk associated with insufficient removal capa-
bilities of debris. The design of strainers and trash baskets should be of such kind,
that even a high amount of cleared debris may be handled, e. g. by overall capacity
of strainers and trash baskets or easy cleaning and emptying measures. The design
of sluice channels should ensure the outlet channels do not re-feed debris into the

intake channels in case of overflowing strainers or trash baskets.

In two events backwashing and cleaning measures were at least hampered by insuf-
ficient backwashing and cleaning capacities, which resulted in debris being partially
re-fed to the intake channel. Thus, the screening process became ineffective and
forced further plant measures, eventually resulting in plant shutdowns. In addition, the
amount of debris being collected in the strainers, trash baskets and outlet channels
made additional manual efforts necessary, e. g. emptying trash baskets and skips

being transported to landfill.

5.2.1.1.3 Procedures and training

e LL Foul#5: Specific and integral procedures for marine ingress

Licensees should ensure specific procedures for marine ingress are in place and well
understood. The procedures should cover all aspects of dealing with marine ingress.

These include identifying potential for marine ingress according to forecasting and
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predictive modelling, preparatory measures to be taken, triggers for assessing the
extent of condition, restoring equipment, clear exit conditions, as well as risks to plant
operations and respective emergency procedures to apply in those cases in order to

provide plant personnel with necessary assistance to cope with such events.

Every selected event identified a need to amend at least parts of its procedures for
coping with marine ingress. Although the amendments differ individually, it highlights
the need for specific procedures. Especially for external events, such as the marine
ingress, which are not common or frequent and may result in plant shutdowns due to
potential loss of cooling water the plant personnel should be able to take conservative
decisions prior, during and after the event and be familiar with the risks and associated

remedial measures.

o LL Foul#6: Procedures for fouling of water intake/biological

Licensees should ensure the availability of suitable procedures for fouling of water
intake/biological and well-trained staff for their application. The procedures should
cover all aspects of dealing with fouling of water intake/biological specific to the site
as well as other system unavailability that might complicate their application.

5.2.1.1.4 Review and management

e LL Foul#7: Importance of management involvement to foster further mitigation of

risks

Management should foster the importance of driving the right level of discretionary
effort to mitigate risks that have already been accepted at a business level. Station
operators have a key role in the identification of station/enterprise risk and need to be
integral to the risk review process to challenge mitigation strategies. These should

include Operating Experience, analyses and allocation of resources.

53 Man-induced Events

5.3.1.1 High-level lessons learned

The related individual lessons learned and corrective actions indicate generic lessons

that are provided according to the following categories:
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Prediction and monitoring: LL Man#1 and Man#2
Design and equipment: LL Man#3;
Procedures and training: LL Man#4 to #6;

P O N PR

Review and management: LL Man#7 to #9.

Table 5.5 Lessons learned for events in the Man-induced events sub-group

Man induced events related Lessons Learned

Man#1: Monitoring, trending and display of service water flow

Man#2: Monitoring, trending and display of the state of protections against external
explosions

Man#3: Discharge Service Water piping design may promote silt and sediment
blockage in discharge channels/rivers

Man#4: Prioritizing re-energization of transmission lines feeding NPPs

Man#5: Procedures/Programs for dredging activities

Man#6: Procedures and collaboration in case of fire underneath transmission lines
in the vicinity of NPPs

Man#7: Safety area assessment and measures along grid transmission lines

Man#8: Safety assessment of the protections against external explosion

Man#9: Review and control of the construction and installation of protection means
against external explosions

5.3.1.1.1 Prediction and monitoring

¢ LL Man#l: Monitoring, trending and display of service water flow

The monitoring, trending and display of service water flow should always be per-
formed and maintained for identification of slow degradation of service water flow.
Existing alarms only allow short-term measures, accompanied by unavailability or
even loss of (partial) safety functions. Especially river sites indicate degradation by
minor trending, while lake- and sea-sites indicate a fast degradation due to weather
or biological/marine conditions. Identifying degradation early on can provide licensees
with the time and opportunity to assess the situation and take compensatory or reme-
dial measures, e. g. manual sounding and subsequent channel/river dredging activi-

ties.
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o LL Man#2: Monitoring, trending and display of the state of protections against

external explosions

The checks and monitoring of the state of the means (e. g. anchorage, blast shields)
designed for the protection of equipment important to safety against external explo-
sion should always be performed and maintained for identification of slow degradation
(e. g. by corrasion). Identifying protection means’ degradation early on provides licen-
sees with the time and opportunity to assess the situation and take the relevant
measures, including defining an adequate basic programme of preventive mainte-

nance for those protections, to ensure their reliability on a long-range.

5.3.1.1.2 Design and equipment related features

o LL Man#3: Discharge Service Water piping design may promote silt and sediment

blockage in discharge channels/rivers

Licensees should consider the possibility of service water discharge piping design
promoting silt and sediment built up in the discharge channel/river, which in turn may
lead to blocking and subsequent low flow of service water discharge. Low flow of
service water discharge may impair the associated safety functions, i. e. heat removal
from systems and components, or even lead to loss of safety functions in case of full
blockage. Locating redundant discharge piping outlets in high flow areas of the dis-
charge channel/river and/or in a given proximity to each other may prevent stagnant
flow conditions at the outlets which promote accumulation of silt and sediment. Stag-
nant flow conditions may result from locations in low flow areas of the discharge chan-
nel/river, or single redundancy operation in such a distance the service water system
outlet pressure has no effect in displacing silt and sediment in the neighbouring re-
dundancy. Silt and sediment built up may be further exacerbated in times of unusual

high discharge channel/river water levels.

5.3.1.1.3 Procedures and training

e LL Man#4: Prioritizing re-energization of transmission lines feeding NPPs

Licensees should analyse and establish an action plan to ensure the availability of the
off-site power connection to other power generation sources, e. g. fossil fuel-fired

power plant, in line with the related emergency procedures, which is to prioritize the
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re-energization of NPP power lines after a collapse of the national transmission grid.
The operators should be regularly trained on the corresponding emergency proce-

dures.

o LL Man#5: Procedures/Programs for dredging activities

Licensees should ensure specific procedures or programs for dredging activities are
in place and well understood. The procedures should cover identifying the need for
dredging according to formally established monitoring parameters, e. g. service water
flow, and verification and assessing the extent of condition, e. g. by manual sounding,
and measures to be taken in order to provide operators with sufficient time to prepare
and execute the activities and prevent potential risks to plant operations. Given the
circumstances and potential for prolonged time for silt and sediment build up to accu-
mulate in challenging amounts, these procedures and programmes should be consid-
ered long term relevant. Procedures and programmes for dredging activities should
therefore especially be developed and implemented if the licensee already had to
perform dredging activities in the past. In one event the dredging activities had been
performed once in 2009 and twice in 2012, thus indicating the potential time difference
associated with the need for dredging activities.

e LL Man#6: Procedures and collaboration in case of fire underneath transmission

lines in the vicinity of NPPs.

Licensees should consider collaboration with local administration, i. e. entity respon-
sible for firefighting of fires under transmission lines, in the vicinity of their respective
NPP. Potential support should include, having corresponding procedures for plant
personnel in place. These should be established with regard to clear instructions for
personnel to take preparatory safety measures to keep the NPP in a safe condition,
e. g. under which circumstance to consider pre-emptive shutdown, as well as in terms
of communication, responsibilities and support of local fire-fighting services by plant
personnel. Furthermore, safety requirements regarding caution issues involved with
extinguishing fire, e. g. by spraying water under the high-tension line should be stated
and clearly understood. In addition, collaborative measures should include agree-
ments on availability of equipment, facilities and training as they are part of fire pro-

tection measures for firefighting on site.
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Fire protection and fire-fighting measures on site are required and well established in
NPPs. Procedures to address perturbations of transmission grid lines, as well as par-
tial and total loss of offsite power are also part of plant procedures. In one event, a
very large external fire led to a phase ground fault of a transmission line, which was
not be explicitly covered in plant procedures. In these cases, it might be considered
to establish new or amend existing procedures. In the given event involving high volt-
age transmission lines, licensees can reduce the risk to plant safety in actively par-
taking and collaborating with public/local firefighting services in these cases, too.

5.3.1.1.4 Review and management

e LL Man#7: Safety area assessment and measures along grid transmission lines

Regulators, licensees, and transmission grid companies should have professionals
assess the safety impact of vegetation, e. g. tree heights, on transmission lines via
field evaluation. Thus, relevant safety and technical requirements can be deduced to
determine the necessity of location and scope of separation lines for fire prevention
below transmission lines, as well as requirements for pruning and pruning frequency.
Since licensees are usually not responsible for pruning or cutting trees of grid trans-
mission lines outside the plant site, a collaborative effort and clear-cut responsibilities
should be determined to prevent negative impacts on NPPs, e. g. either transmission
grid transients or partial/total loss of offsite power by ground faults due to heavy
smoke or soot from burning vegetation. This could also reduce the risk of trees hitting
transmission grid lines due to high winds, storms, etc. Partial or total loss of transmis-

sion grid lines can result in challenges.

Fires under transmission lines may either result from natural causes, e. g. lightning
strikes, or man-induced actions. The susceptibility to this fire hazard is especially high
in dry regions, dry seasons or during prolonged draughts as they are likely to occur
more often due to climate change in certain regions. As fires can occur anywhere
along transmission lines outside of NPP plant sites and are available to public access,
man-induced fires might not be precluded and fire prevention, as well as fire-fighting
measures reside with public services. Nevertheless, regulators, licensees and trans-
mission grid operators should partake in determining necessary requirements and
measures. In one event, a hill fire caused by playing children led to ground fault of a

phase of the transmission line which resulted in a pre-emptive manual shutdown due
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to the difficulties involved with fire-fighting and thus uncertain subsequent conse-

guences on the plant safety by further effects on the transmission line.

o LL Man#8: Safety assessment of the protections against external explosion

Protections against external explosions should be assessed between two successive
periodic safety reviews as frequently as new data or new methodologies or guidelines
are available. This assessment should support the installation of new protections as
applicable, if there is evidence that the consequences of the failure of the existing
protections, considering the most penalizing scenario specific to the NPP site, cannot

be mitigated by existing emergency operating procedures and emergency plans.

e LL Man#9: Review and control of the construction and installation of protection

means against external explosions

The protection means against external explosions should be constructed, installed
and fitted in the civil engineering according to their design. The plant management
should check the construction and installation work so to ensure the reliability of the

protection means in a long-range.

5.4 Earthquake

The initial draft list of external hazards included more than 230 reported events. This
list was reduced to events, which can have more severe consequences in case of
potential earthquakes. To properly reflect all significant events without summarizing

each one, they have been divided in the following 4 groups:

e Events in which the non-compliance was due to deficiencies in construction, cal-
culations or even falsification of documents;

e Events in which the non-compliance was due to inadequate consideration of pairs
of aggressor/target in case of earthquake;

e Events in which corrosion would induce the non-resistance of the corroded equip-
ment to earthquake;

e Events in which the non-compliance was due to deficiencies in the design that

could lead to potential consequences in case of earthquake.
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5.4.1.1 High-level lessons learned

The related individual lessons learned and corrective actions indicate generic lessons
that are provided according to the following categories:

Prediction and monitoring: LL Earth#1 to #3
Design and equipment: LL Earth#4;
Procedures and training: LL Earth#5;

P w0 NP

Review and management: LL Earth#6 to #10.

Table 5.6 Lessons learned for events in the Earthquake group

Earthquake related Lessons Learned

Earth#1: Checks and monitoring

Earth#2: Checks and monitoring to develop a method to address the issue of non-
compliant pairs of equipment with respect to seismic interaction

Earth#3: Checks and monitoring to optimize a method to address the issue of non-
compliant pairs of equipment with respect to seismic interaction

Earth#4: Reliability and seismic qualification of fire extinguishing systems

Earth#5: Communication and training with public emergency services

Earth#6: Handling system structural failures could affect structures, systems and
components, which are far-off from the load itself

Earth#7: Potential for structural failures and consequential plant damage for over-
head handling systems

Earth#8: Tanks vulnerable to seismic hazards

Earth#9: Review updated seismic data

Earth#10: Need of assessment of safe shutdown states of units that are shut down
at the same time

5.4.1.1.1 Prediction and monitoring

e LL Earth#1: Checks and monitoring

In addition to the periodic safety reviews and between two successive ones, checks
and monitoring should be carried out, as needed, to detect and address any non-

compliance to seismic resistance likely to lead to the loss of the affected equipment
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or the degradation or the loss of the safety function supported by that equipment.
Those checks and monitoring, through walkdowns, inspections and analyses, should
help addressing seismic non-compliance issues (e. g. the issue of non-compliant
pairs of equipment with respect to seismic interaction), according to relevant national

or international guidelines.

e LL Earth#2: Checks and monitoring to develop a method to address the issue of

non-compliant pairs of equipment with respect to seismic interaction

Regular checks and monitoring should be used to support the development of a sys-
tematic method to address the issue of non-compliant pairs of equipment with respect
to seismic interaction. This could be achieved at a first step by drawing-up a list of
potential pairs of equipment that could interact as aggressor (non-seismically qualified
equipment) and target (vulnerable seismically qualified equipment), and at a second
step by identifying the non-compliant pairs with respect to seismic interaction and tak-
ing the appropriate measures so the risk of non-compliance with respect to seismic

interaction is eliminated or reduced.

e LL Earth#3: Checks and monitoring to optimize a method to address the issue of

non-compliant pairs of equipment with respect to seismic interaction

Regular checks and monitoring should be used to support the optimization of a sys-
tematic method to address the issue of non-compliant pairs of equipment with respect

to seismic interaction and reduce the risk of such interaction.

This could be achieved by:

— Optimizing the current method for checking that certification is maintained over
time through (i) selecting a representative number of pairs in each category from
the list of pairs of aggressor/target at each NPP; (ii) checking the state of ageing
of the equipment included in the sample as it relates to certification that the hazard
has been managed; (iii) expanding these checks in the event that an excessive

number of anomalies are detected in the sample for a given category.

— Identifying new potential pairs of equipment resulting from physical modifications,

by
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a. establishing records containing information categorized by issue and as-
sessments required at the design phase;
b. updating the list to reflect any new relevant developments;

c. performing spot checks on the assessments conducted.

— Performing a hazard analysis following any incidental detection of a new pair of
equipment and, if the deviation is substantiated, announcing a safety significant
event or a safety relevant event and providing a resolution plan according to ex-

isting national or international guidelines for addressing conformity deviations.

5.4.1.1.2 Design and equipment related features

o LL Earth#4: Reliability and seismic qualification of fire extinguishing systems

Licensees should assess whether fire-extinguishing systems need to be improved in
terms of seismic resistance. Comprehensive measures include assessing and im-
proving the anti-seismic strength and structure of piping and water tanks according to
nuclear and/or other industry standards, e. g. standards for oil and gas as well as
identifying pipe joints, which should be modified to cope with ground deformation, e. g.
flexible pipe joints. Further improvements should consider diversity and redundancy
depending on the individual situation at each facility. These should improve reliability

of fire extinguishing systems with regard to pipe breaks due to ground motion.

5.4.1.1.3 Procedures and training

e LL Earth#5: Communication and training with public emergency services

Licensees should consider assessing the reliability of facilities essential to firefighting
activities and conduct regular training with public services to identify areas of improve-
ment. These may comprise installations on site for communication, such as verifying
seismic resistant or unaffected, communication lines (e. g. satellite phone) and build-
ings, which house facilities essential to firefighting, (e. g. fire station buildings or emer-
gency response centres). These should further be assessed by conducting regular
collaborative training with public fire-fighting services to improve procedures and fire-

fighting plans, especially with regard to facilities with high risk of fire.

5.4.1.1.4 Review and management
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o LL Earth#6: Handling system structural failures could affect structures, systems

and components, which are far-off from the load itself

This LL considers less frequent activities (e. g. load handling for refurbishment etc.)
and the effects potential load drops on structural systems, if the handling is performed

during seismic activities, which are not considered during load handling.

Licensees should enhance the qualification against earthquake induced loads of han-
dling systems, especially for activities of less frequent heavy loads movement for
maintenance and refurbishment that have not been considered in the scope of the
heavy load handling program, to manage an increase in risk associated with the
maintenance activities or evaluate the effects of structural failures on equipment be-
yond the immediate vicinity of the load. These maintenance activities can involve the
use of permanently installed cranes which have not been evaluated for use under all
plant conditions or temporary overhead equipment. Handling system structural fail-
ures could affect structures, systems and components well away from the load itself
because the overhead handling systems span long distances. Although load drop
analyses typically evaluate the effect on structures, systems and components imme-
diately below the load path, in one case the potential damage to piping systems below
the overhead crane bridge was not considered in the completed load drop analysis,
because the piping was not under the load. On another occasion, a temporary han-
dling system collapse damaged fire protection equipment outside the footprint of the

handling system structure in a similar way as seismic vibrations would act.

o LL Earth#7: Potential for structural failures and consequential plant damage for

overhead handling systems

The second LL on load handling systems refers to the structural damage of handling

systems themselves which have not been qualified for use during seismic activity.

Licensees should consider the potential for structural failures and consequential plant
damage when assessing measures to manage the risk of heavy load movements us-
ing temporary overhead handling systems or permanent handling systems not previ-
ously evaluated for use under all plant conditions, e. g. during seismic events, for
maintenance related activities. Material handling activities evaluated with the scope

of licensee heavy load handling programs include consideration of the overhead han-
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dling system design, testing and maintenance thus providing assurance that the struc-
ture of the handling system is robust. Consequently, traditional load drop analyses
only postulate failures in the hoisting machinery and rigging, limiting potential effects
to equipment near the load. Temporary overhead handling systems or permanent
handling systems not previously evaluated for use under all plant operating modes

might not provide assurance for the structural integrity of the system.

e LL Earth#8: Tanks vulnerable to seismic hazards

Licensees should verify that safety related tanks and non-safety related tanks, the
latter which might impact safety related equipment nearby in case of collapse or fall
during seismic events, are adequately seismically qualified and are procedurally con-
trolled to ensure that seismic vulnerabilities are appropriately managed. Seismic anal-
yses of tanks should consider different tank levels, independent of their regular oper-
ational state (i. e. being full or empty). Procedural requirements should ensure system
alignments connecting non-seismically qualified piping to seismically qualified and
safety related tanks, e. g. Refuelling Water Storage Tank, or connecting seismically
qualified and safety related piping to non-seismically qualified tanks are adequately
addressed and necessary measures to ensure safety functions are in place.

o LL Earth#9: Review updated seismic data

New seismic hazard information should be routinely evaluated as it becomes availa-
ble. This may include new seismic data, such as updated seismic sources and ground
motion models from the nuclear industry as well as entities in the field of geological
survey. Assessment should be carried out to identify whether these data affect the
seismic response of existing plants at the design-basis level or beyond. New data
could indicate increased likelihood of exceeding the safe shutdown earthquake. Fur-
ther evaluation in conjunction with plant specific data may be used to update Seismic
Core Damage Frequency of existing plants to identify the need for further assessment,
e. g. backfits, to further reduce seismic risk. In addition, periodic safety reviews are
key opportunities to re-examine all the safety hypotheses and issues, in particular,
those relevant to seismic hazard, taking into account new information and new meth-

odologies in a systematic way.

« LL Ear#10: Need of assessment of safe shutdown states of units that are shut

down at the same time
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In the cases where several units need to be shut down at the same time, the safest
plant operating state for shutdown of these units should be defined on the basis of

deterministic and probabilistic risk assessments.

5.5 Flooding

The subsection on flooding considers the generic lessons learned from the 2018
TOER by JRC on flooding /2/. Relevant events from the current study support these
lessons, while other events from the current study require new high-level lessons
learned. Nevertheless, the lessons learned from the former study remain valid.

5.5.1.1 High-level lessons learned

The related individual lessons learned and corrective actions indicate generic lessons

that are provided according to the following categories:

Prediction and monitoring: no LL
Design and equipment: no LL;

Procedures and training: no LL;

P W NP

Review and management: LL Flo#1 and Flo#2.

Table 5.7 Lessons learned for events in the Flooding group

Flooding related Lessons Learned

Flo#1: Regular assessment of existing data

Flo#2: Impact of external events on NPP surroundings indirectly affecting safety

5.5.1.1.1 Review and management

e LL Flo#1: Regular assessment of existing data

Licensees and regulators should regularly assess existing data and failure rates and
check for new data on safety assessment. They assess the updated data according
to site specific relevance. Using non-conservative screening values for dam failure
frequency to evaluate the need for additional detailed analyses could result in under-
estimating the risks to NPPs associated with external flooding or loss of heat sink from

failure of upstream and downstream dams or levees. Thus, regular updated data and

42



eventually safety assessment models ensure risk assessments are still valid or iden-

tify needs for amendments.

e LL Flo#2: Impact of external events on NPP surroundings indirectly affecting

safety

Licensees and regulators should be aware and assess the impact flooding, e. g.
heavy rainfall, dam failures, dam/water reservoir management, can have on town-
ships and access roads in the rural environment, even if the NPP itself is not directly
affected. Assessments should take into account the potential flooding of townships,
which house plant staff and/or offsite emergency facilities as well as impairments of
access routes to NPPs. Adequate measures should be taken to prevent an impact on
plant safety by impediment of plant personnel and NPP supply access routes or the
availability of offsite emergency facilities.

The necessary release of water from a dam/water reservoir, due to a week of unprec-
edented heavy rainfall led to overflowing of low lying areas of a township downstream
inundating access roads to offsite emergency facilities located in the township, as well
as some parts of access roads between the township and the NPP.

5.6 Chemical

5.6.1.1 High-level lessons learned

The related individual lessons learned and corrective actions indicate generic lessons

that are provided according to the following categories:

1. Prediction and monitoring: LL Che#1
2. Design and equipment: no LL;
3. Procedures and training: no LL;

4. Review and management: no LL.

Table 5.8 Lessons learned for events in the Chemical group

Chemical related Lessons Learned

Che#1l: In-time detection of corrosion
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5.6.1.1.1 Prediction and monitoring

e LL Chet#l: In-time detection of corrosion

Corrosion should be detected in-time and its kinetics studied in order to optimize the
maintenance of the affected equipment and prevent that its failure leads to severe
consequences (e. g. flooding, unavailability of equipment important to safety).

5.7 Lightning Strike

Nine events have been described in the last ten years concerning lightning strikes,
the NPPs reacted after these off-site lightning strikes as designed, such no specific
respective actions have been taken after these events. Therefore, no high-level les-
sons learned could be derived.

5.8 External fire

Only two events concerning external fires have been reported. No related generic
lessons learned could be derived. One event containing an external fire was de-
scribed in the subsection related to man-induced events. The lessons learned can be

found in that subsection.
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6 Conclusion

The aim of this study is to draw generic lessons from operating experiences in differ-
ent countries with various types of NPPs regarding the topic “External Hazards”. The
study updated the experiences described in two former studies and could thus update

the generic lessons learned.

The first step of the study was the identification of related events in the respective
national and international event databases for NPPs. The second step was focused
on the in-depth analysis of the 166 events selected. The events are categorized in

different groups and sub-groups as well as in various task and cause categories.

The results are shown in tables and charts. The comparison with the former study on
external hazards has to consider that earthquake events were not covered in the first
report and flooding events were only analysed after 2016 and therefore, figures reflect
only rough trends. In this report, the groups “extreme weather conditions” (36 %),
“fouling/biological” (20 %) and “man-induced events” (13 %) represented nearly 70 %
of all selected events. The first two groups had already been the most populated in
the first report. The third one had been the group on “lightning strikes” with 14 % that
contributed only 5 % in the present study.

Similar analyses have been performed for the relative distribution of the selected
events by mode of event detection, the relative distribution of the safety relevance,

and the relative distribution of the systems affected. Electrical systems (28 % of the
events), essential service systems (including component cooling water, essential ser-
vice water, essential compressed air and refuelling water storage) (15 %) and feed-

water, steam and power conversion systems (13 %) were affected the most often.

The most important part of the in-depth analysis is the derivation of high-level lessons
learned. These are derived from the most important events in the respective groups.
In total 44 high-level lessons learned have been derived from the selected events.
Four groups/sub-groups represent the majority (34 out of 44) of the high-level- lessons

learned:

 Man-induced events with nine lessons learned,
+ Earthquake events with nine lessons learned,

* High/low temperature events with eight lessons learned, and
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* Fouling events with seven lessons learned.

The results of this task on external hazards were also used to assess whether climate
change influenced the safety of nuclear power plants. The events evaluated in the
two “External Hazard” studies cover events having occurred in the last 30 years.
There are a few events that might be addressed to the “extreme (weather) events”
like the long-term drought in France, in 2003. The increase of climate change impact
could be detected through the evolution of the occurrence frequency of the natural
external hazards. However, the nuclear power plant’s operational response to these
hazards is also related to the countermeasures installed. These countermeasures
were developed over time, in particular due to the national and European Stress Tests
after the Fukushima Daiichi accident. Thus, the resilience of the NPPs against exter-
nal hazards has significantly been improved in the last decades based on operating
experiences. In this task, no significant impact of climate change could be determined
on the frequency and nature of the selected events. But this is not an evidence that
there has been no climate change impact on natural external hazards.
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