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Foreword

Switzerland signed the Convention on
Nuclear Safety (CNS) on 31 October 1995 and
ratified the Convention on 12 September
1996, which then came into force on 11 De-
cember 1996. In accordance with Article 5 of
the Convention, Switzerland has prepared
and submitted National Reports for the reg-
ular Review Meetings of Contracting Par-
ties organised in 1999, 2002, 2005, 2008, 2011,
2014, 2017,2020 (which was cancelled due to
the COVID pandemic) and for the Second Ex-
traordinary Meeting in 2012. The correspond-
ing Review Meetings at the IAEA headquar-
tersin Vienna were also attended by a Swiss
delegation.

This ninth report by the Swiss Federal
Nuclear Safety Inspectorate (ENSI) provides
an update on Switzerland's compliance with
the obligations of the Convention. In addi-
tion, the report takesintoaccountissuesand
trends in nuclear safety, such as those iden-
tified by the Contracting Parties at the sev-
enth Review Meeting, at the Organisational
Meeting and in the Principles agreed upon
in the Vienna Declaration on Nuclear Safety
(VDNS).

SWITZERLAND'S NINTH NATIONAL REPORT
TOTHE CONVENTION ON NUCLEAR SAFETY

The report begins with general informa-
tion about Switzerland, a brief history of the
country's nuclear power programme and an
overview of its nuclear facilities as well as a
short description of Switzerland's waste dis-
posal programme and site selection process
for deep geological repositories. The chap-
ter “Summary and Conclusions” provides
an overview of the contents of the report
and its conclusions on the degree of com-
pliance with the obligations of the Conven-
tion, followed by a comprehensive overview
of the status of nuclear safety in Switzerland
as of March 2022. The numbering of the fol-
lowing chapters in the report matches that
of the CNS Articles 6-19. The comments for
each section indicate clearly how Switzer-
land complies with the key obligations of the
Convention.

The implementation of the Principles in
the Vienna Declaration on Nuclear Safety is
reported on in a separate chapter. Further-
more, a subchapter of the Summary and
Conclusion gives answers to the challenges
identified by the Seventh Review Meeting.
Appendix 1 contains a list of abbreviations
used in the text; appendix 2 provides a list of
ENSI'sguidelines currently in force.
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Introduction

Country and State

Switzerland is located in the middle of Eu-
rope and is surrounded by France to the
west, Germany to the north, Austria and
Liechtenstein to the east and ltaly to the
south. With a total surface area of 41,285 km?,
more than half of which is mountainous, and
a population of almost 8.7 million, Switzer-
land is a small, densely populated country.
The sources of the Rhine, Rhone and Inn riv-
ersareinthe Swiss Alps. Switzerland has four
official languages: German, French, Italian
and Rhaeto-Romanic, the latter being spo-
ken by some 0.5% of the Swiss population.
About 27 % of current residents are foreign
nationals.

Structurally, Switzerland has evolved into a
federal state with 26 member-states, known
as cantons. The federal authorities are re-
sponsible under the Constitution for certain
central functions. At each level, a significant
number of political rights are guaranteed
to the people. All other legislative power re-
mains with the cantons, which therefore
retain a high degree of autonomy. Munic-
ipalities also enjoy considerable rights of
self-government.

The Federal Council consists of seven minis-
ters of equal rank, acting as the federal gov-
ernment. Ministers are elected by the Swiss
parliament. The parliament consists of two
chambers: the National Council represents
the population as a whole. It has 200 mem-
bers elected for a term of four years. The
Council of States has 46 membersrepresent-
ing the Swiss cantons. The electorate hasthe
constitutional right to introduce and sanc-
tion changes to the Federal Constitution
and aright tovote in referendums on federal
legislation. The electorate can also request
changes or additions to the Federal Consti-
tution through a popular initiative signed
by at least 100,000 voters. Any change to the
Constitution must be submitted to an oblig-
atory national referendum. If a minimum of
50,000 voters challenge a decision by parlia-
ment to pass a new federal law or change an

existing law, the issue is put to a facultative
national referendum. The federal rules on
popular initiatives and referendums are rep-
licated in cantonal constitutions.

In 2020, Gross Domestic Product in Swit-
zerland per capita was approximately
CHF 81,800 (EUR 78,500). The most impor-
tant industries economically are banking,
insurance, commodity trading, tourism,
mechanical and electrical engineering, the
chemical and pharmaceutical industry, and
watchmaking. Its major export partners are
Germany, USA, China, Italy, France, United
Kingdom and Spain.

Total energy consumption in Switzerland
was about 747,400 TJ in 2020. Electricity con-
sumption accounts for about 27 % of energy
consumption. The main sources of electricity
in Switzerland are hydroelectric (2020: 58 %)
and nuclear power (33 %).

Background to nuclear power

in Switzerland

Until the late 1960s, Switzerland generat-
ed electricity exclusively from hydropower
and did not resort to fossil fuels because the
latter were not available asa natural resource
in Switzerland. By the mid-1950s, there was
interest in using the relatively new nuclear
energy technology to cover the increasing
demand for power. In accordance with the
general policy on electricity production, it
was left to the private sector to promote and
use nuclear energy. However, it was recog-
nised that any nuclear programme would
require a legislative framework to ensure
safety and radiation protection. It was fur-
ther recognised that such legislation should
be exclusively at the federal level. As a result,
an Article was added to the Swiss Constitu-
tion, which was approved by a vote of the
Swiss population in 1957. The Atomic Ener-
gy Act came into force in 1959 based on this
Article.

In 2005, Switzerland enacted a new Nuclear
Energy Act and its related ordinance to re-
place the Atomic Energy Act of 1959. Under
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the new Nuclear Energy Act, the uncondi-
tional authority of the Federal Council to
grantgenerallicencesfor new nuclear power
plants (NPP)wasabolished with decisionson
general licences for new NPPs being subject
to a facultative national referendum. In addi-
tion, the Federal Government is leading the
site selection process for geological waste
repositories.

As nuclear power production is part of the
private sector, there is no national nuclear
programme per se. During the 1960s, a series
of projects for NPPs were initiated and four
of them were realised. This resulted in a total
of five units, which were commissioned be-
tween 1969 and 1984. Several other projects
were cancelled. On 20 December 2019, one
ofthefive units, MUhleberg NPP, was perma-
nently shut down (for more information, see
Article 6).

Licensing procedures for three new units at
existing sites were in progress in Switzerland
before the events at Fukushima occurred in
2011 ENSlwasinvolved inthe proceduresand
had issued the three corresponding safety
evaluation reports (SER). The safety evalu-
ations focused on the reassessment of the
potential hazards in relation to the specific
site characteristics. Shortly after the Fukushi-
ma accident, the Federal Council suspended
these procedures. Over the course of 2011, the
Federal Council and the Swiss parliament
decided to phase out nuclear energy by pro-
hibiting the building of new plants, while the
existing plants were to continue operating
foraslong asthey could safely do so.

On 21 May 2017 there was a referendum on
the government’'s Energy Strategy 2050,
which was approved by a 58 % majority, with
avoterturnout of 42%. This strategy includes
a provision for the gradual withdrawal from
nuclear power and a greater reliance on
hydro and intermittent renewables. No con-
struction licences are to be issued for new
nuclear power reactors.

In May 20716 a people’s initiative calling for
Swiss nuclear power plants to be shut down
after no more than 45 years of operation was
rejected by the Swiss voters. This means that
the four operating reactors in Switzerland

SWITZERLAND'S NINTH NATIONAL REPORT
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will be allowed to remain in operation for as
long as ENSI considers them safe.

The regulatory authority

The first experimental nuclear reactor start-
ed operation in Switzerland in 1957. At this
time there was no regulatory authority in
Switzerland. The canton in which a reactor
was located was responsible forits safety. The
first nuclear regulator in Switzerland was the
Swiss Federal Nuclear Safety Commission,
which was established in 1960. Between that
date and 1982, its secretariat evolved in sev-
eral stages into an independent authority.
IN 1964, the Federal Council decided to cre-
ate the Department for the Safety of Nucle-
ar Facilities, which later became the Swiss
Federal Nuclear Safety Inspectorate. The
duties of the regulatory body were formally
defined in an ordinance published in 1982.
Until the end of 2008, ENSI was part of the
Swiss Federal Office of Energy (SFOE).

The fact that ENSI reported directly to SFOE
contravened the independence stipulat-
ed in both the Swiss Nuclear Energy Act of
2005 and the Convention on Nuclear Safety.
The Act on the Swiss Federal Nuclear Safety
Inspectorate ENSI — passed in 2007 — creat-
ed a statutory framework to make ENSI for-
mally independent of the SFOE. This was
achieved on 1January 2009 when ENSI be-
came an authority constituted under public
law. ENSl itselfis supervised by an independ-
ent body, the ENSI board. Its members have
specialist knowledge of nuclear safety as well
as management experience and are elected
by the Federal Council for a maximum of two
four-year terms. The Board consists of five to
seven Members and reports directly to the
Federal Council.

Nuclear power plants

Switzerland has three NPPs with four units
in commercial operation — Beznau (includ-
ing Beznau | and Il), Gésgen and Leibstadt.
They are located on three different sites and
have three different reactor and contain-
ment designs provided by three different
reactor suppliers (Westinghouse, Kraftwerk

Union and General Electric). Local suppliers
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Beznaul

Beznaulll

Muhleberg

Second generation NPPs

Leibstadt

standing steel
inside concrete

standing steel
inside concrete

pression, Mk |
inside concrete

standing steel
inside concrete

Status In operation In operation In permanent In operation In operation
shut-down
since Decem-
ber 2019
Licenced thermal power N30 130 1097 3002 3600
p(h [MW(h]
Nominal net electrical power 365 365 373 1010 1275
pn\ [MWQ\]
Reactor type PWR PWR BWR PWR BWR
Containment type Largedry, free Largedry, free Pressure sup- Largedry, free Pressure sup-

pression, Mk Il
inside concrete

system since:

building building building building building
Normal heat sink River Aare River Aare River Aare Wet cooling Wet cooling
tower (River tower (River

Aare) Rhine)

Number of reactor coolant 2 2 2 3 2

pumps

Number of turbine sets 2 2 2 1 1

Number of fuel assemblies 121 121 240 177 648

Fuel V]e7} Uo, Uo, uo, UO,

Number of control assemblies 25 25 57 48 149

Reactor supplier W W GE KWU GE

Turbine supplier BBC BBC BBC KWU BBC

Site Licence 1964 1967 1965 1972 1969

Construction licence 1964 1967 1967 1973 1975

First operating licence 1969 1971 1971 1978 1984

Commercial operation 1969 1971 1972 1979 1984

Backfitted bunkered auto- 1993 1992 1989 Includedinthe | Includedinthe

matic ECCS and residual heat originaldesign | original design

removal system since:

Filtered containment venting 1993 1992 1992 1993 1993

Abbreviations:

PWR Pressurised Water Reactor

BWR Boiling Water Reactor

w Westinghouse Electric Corporation

KWU Siemens Kraftwerk Union AG (now Areva NP)
BBC Brown Boveri & Cie, AG (now Alstom)

UO; Uranium oxide

ECCS Emergency core cooling system

Table1:

Main technical
characteristics of
the Swiss NPPs
(as of March 2022)
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contributed to civil engineering, buildings
and mechanical and electrical engineer-
ing equipment. One NPP, MUhleberg, was
permanently shut-down in December 2019
and is currently undergoing decommission-
ing. The Beznau NPP is operated by Axpo
Power AG, the Gdsgen NPP by Kernkraft-
werk Gosgen-Daniken AG, and the Leibstadt
NPP by Kernkraftwerk Leibstadt AC.

Due to Switzerland's mountainous land-
scape, the number of suitable sites for NPPs
is limited. Two sites are located near to the
German border; Leibstadt is situated 0.5 km
and Beznau 5 km from the border. The other
two sites are located about 40 km from the
French and 20 km from the German border
respectively. The geographic location of all
Swiss nuclear facilities is shown on the map
inFigure.

Facilities for nuclear education,
research and development

The Paul Scherrer Institute (PSI) is the larg-
est research institute for natural and engi-
neering sciences in Switzerland, conducting
cutting-edge research in three main fields:
matter and materials science, energy and
environment, and human health. PSI devel-
ops, builds and operates complex large re-
search facilities. Itis part of the Domain of the
Swiss Federal Institutes of Technology.
There are four installations at PSl that can be
considered as nuclear research infrastruc-

ture: the former research reactors DIORIT,

SAPHIR, and PROTEUS, which are in various
stages of decommissioning, and the Hot
Laboratory,where nuclear research still takes
place.

Apart from the above-mentioned former
research reactors at PSI, there are two small
teaching reactors (P <2 kWth) at the Univer-
sity of Basel and at the Swiss Federal Insti-
tute of Technology in Lausanne. The reactor
in Basel was shut down permanently in late
2013. In 2015, the remaining highly enriched
uranium from the reactor was sent back to
the USA. The University of Basel submitted
the decommissioning project for review in
February 2017. Based on ENSI's assessment
of April 2018, DETEC issued the decommis-
sioning order in February 2019. Dismantling
of the facility began in June 2019 and was
completed in December 2019. The zero-
power (100 W) teaching reactor in Lausanne
is the only research reactor still in operation
in Switzerland.

Processing and interim storage

of nuclear waste

According to Swiss legislation, radioactive
waste must be conditioned as quickly as
possible. The collection of non-conditioned
waste for the purpose of carrying out peri-
odical conditioning campaigns is permit-
ted. Consequently, each NPP is equipped
with facilities for waste conditioning and in-
terim storage. On-site facilities for storage of
spent fuel are located at the Beznau site (dry

Figure 1:

Geographic location
of Swiss nuclear
facilities. Triangles
mark the NPP sites.
Asterisks mark
experimental and
research installations.
Squares mark facili-
ties for nuclear waste
management. The
dots are major cities.



storage, also for waste) and at Gdsgen NPP
(wet storage, spent fuel elements only). Both
facilities started operation in spring 2008.

In addition to the on-site facilities, there is a
centralised storage and conditioning facili-
ty (Zentrales Zwischenlager ZZL), owned by
Zwilag, which is located adjacent to the PSI
campus. This facility provides interim stor-
age capacity for spent fuel,intermediate and
low-level radioactive waste. Any return waste
from the reprocessing of Swiss spent fuel
in La Hague (F) and Sellafield (UK) is stored
here. The facility also contains installations
for the conditioning of specific waste cat-
egories and the incineration or melting of
low-level waste. The Central Interim Storage
Facility began operationsin June 2001.

PSI operates the national collection centre
for all institutional radioactive waste: waste
from medicine, military applications, indus-
try and research. The waste can be treated
either at PSI facilities or at Zwilag followed
by interim storage at the Federal Interim
Storage Facility, which is also located on the
premises of the PSI.

Current status of the process

to select sites for deep geological
repositories

The site selection process in Switzerland is
described in detail in the seventh Nation-
al Report of Switzerland in accordance with
the Joint Convention on the Safety of Spent
Fuel Management and on the Safety of Ra-
dioactive Waste Management (pages 12-17).
The third and final stage of the site selection
process for deep geological repositories for
radioactive waste started in December 2018.
In stage 2, three geological siting areas (Jura
Ost, Nordlich Lagern, ZUrich Nordost) were
selected for further investigations for either
two separate deep geological repositories,
one for low- and intermediate-level waste
(LILW) and one for high-level waste (HLW)
and spent fuel (SF) or, as an alternative op-
tion, a combined disposal facility for LLW,
ILW and HLW/SF in the same siting area.
Already during the winters of 2015/2016 and
2016/2017, the Swiss implementer respon-
sible for deep geological disposal, Nagra,

initiated 3D-seismic, i.e. non-destructive,
investigations in all proposed siting areas.
In addition to the seismic investigations,
Nagra submitted licence applications for
the drilling of boreholes covering a depth
range between 800 and 1400 m and there-
fore penetrating the future host rock and the
confining units. Drilling locations were most-
ly placed around the proposed disposal pe-
rimeters. Drilling operations started in 2019
and were completed early in 2022, after the
deepening of nine boreholes, two to four in
each of the siting areas. In addition to these
deep boreholes, Nagra also drilled a total of
15shallow boreholesinto and realised several
seismic lines along and across former glacial
valleys to investigate the erosional history of
the landscape in and around the siting are-
as during the last few million years. The pro-
cessing and interpretation of the gathered
site-specific data isongoing.

According to current planning, Nagra will
announce the site for which it will prepare
the general licence application in Septem-
ber 2022. Originally, Nagra planned to build
the encapsulation plant at the surface in-
frastructure facility for the deep geological
repository. Some of the affected siting re-
gions and cantons pushed towards a dis-
cussion of this subject, which lead to the
evaluation of other options. As a result, the
encapsulation plant may also be placed at
the existing central interim storage facility.
The announcement planned for Septem-
ber 2022 will include this issue as well. The
general licence application for a combined
repository (including any surface infrastruc-
ture facilities) will be submitted by the end
of 2024 by Nagra. After the review by the na-
tional safety authority, ENSI, and the Federal
Nuclear Safety Commission (NSC) and a pub-
lic consultation, it is expected that the Swiss
Governmentwillmake a final decisiononthe
general licence in 2029, completed by the
approval of the parliament.. A national vote
may take place in 2031, if a sufficient number
of signatures will be collected.
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and Conclusions

Summary and Conclusions

On 21 May 2017 the Swiss electorate accept-
ed the revised Federal Energy Act which
prohibits the construction of new nuclear
power plants. The existing plants will contin-
ue to operate as long as they are considered
safe by ENSI and fulfil all legal and regulato-
ry requirements in this respect. Against this
background, Swiss activities for the current
reporting period can be summarised under
the following points:

Safe Operation of existing plants

In Switzerland, on-going activities regarding
the safety assessment of the different stages
in the lifetime of nuclear installations consist
of periodic assessments, and assessments of
long-term operation of existing Swiss NPPs.
Assessments of long-term operation (LTO)
have been performed for two Swiss NPPs
which have been in commercial operation
for more than 40 years. A detailed examina-
tion demonstrated that the conditions for
thetaking out of service ofan NPP are not yet
and will not be reached by these two plants
(Beznau NPP and Gdsgen NPP) within the
next 10 years. Nevertheless, the mandato-
ry scheduled ageing management, main-
tenance and backfitting activities must be
continued.

Shutdown of Muhleberg NPP

Inlate 2013, BKW Energy Ltd announced that
MuUhleberg NPP would be decommissioned
at the end of 2019. The single 373 MWe boil-
ing water reactor began operating in 1972.
The plant was shut down on 20 December
2019 and BKW Energy Ltd started disman-
tling activities on 6 January 2020. Other than
the experimental plant of Lucens, it will be
the first Swiss nuclear power plant to be de-
commissioned. Decommissioning is expect-
ed to be completed within 11 years, by 2030.
More information in Article 6.

International peer reviews

and cooperation

Switzerland hosted an IRRS Mission in 2021
which confirmed ENSI to be a mature,
competent and independent regulatory
authority. The IRRS team identified seven
recommendations and 13 suggestions for
improvement. One of the main challenges
identified, wasthe maintaining and building
competence of the parties responsible for
safety in the long term, particularly against
the backdrop of the phasing out of nuclear
energy. The Swiss government should eval-
uate the need for specialist knowledge and
take measures to ensure the safety of oper-
ating nuclearinstallations, decommissioned
nuclearinstallationsand the deep geological
storage of radioactive waste.

Furtherimprovement suggestions
addressed to the Federal Government:

B Set up legal provisions that also allow
prosecution of a licence holder instead of an
individual,

M Establish a binding obligation for the au-
thorised parties to inform the public about
safety-relevant occurrences associated with
the operation of their facilities, and

B Create a legal basis to ensure that all
nuclear facilities will be subject to periodic
safety reviews in accordance with a graded
approach.

Improvement suggestions directed

at ENSI:

B Update the enforcement procedures
for clarifying the roles of inspectors in the
enforcement process,

B Further harmonisation of ENSI's regulato-
ry guideswith the IAEA safety standards,and
B Further revision of the management sys-
tem.

The IRRS team also highlighted ENSI's con-
tinuously developed and improved safety
culture as a good practice. A second good
practice identified is the manner in which

SWITZERLAND'S NINTH NATIONAL REPORT
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ENSI promotes the safety culture of the
licence holders by holding periodic dia-
loguesintheformat of focus groupswith the
senior leadership teams and safety culture
specialists of the NPP licence holders.

In addition, the following areas where
identified as areas of good performance:

B The role of ENSI in implementing the reg-
ulatory policy and the associated require-
ments for continued safety improvement at
nuclear power plants,

B The anticipated dialogue and collabora-
tion amongst all federal and cantonal au-
thorities involved in the licensing process of
nuclear facilities,and

B The periodic personal security back-
ground tests for ENSI's staff, including evalu-

ation of possible lack of impartiality.

ENSI will address the suggestions for im-
provement from the IRRS Mission in con-
junction with the authorities concerned. In
the coming years, the IAEA will undertake a
follow-up mission to obtain an overview of
developments. The final report is available
on ENSI'swebsite!

Furthermore, Switzerland also voluntarily
participated in the EU Stress Tests and the
2017 European Topical Peer Review (TPR) on
Ageing Management. Switzerland also con-
firmed its voluntary full participation in the
2023-2024 Second TPR. An IPPAS mission
was conducted in Switzerland in 2018. The
IPPAS Follow-up Mission in Switzerland will
be held in 2023.

Safety and oversight culture

ENSI has continued its effort to oversee hu-
man and organisational factors during plant
modernisation projects, and by event analy-
sis and has implemented specialist discus-
sions on safety culture issues to establish a
platform where the licence holders can re-
flect on safety culture topics previously set

by ENSI.In 2021, a specialist discussion on the
topic “Leadership in a resilient organisation”
was held. The specialist discussion on safety
culture was rated as a good practice by the
2021 1RRS mission.

In 2020 ENSI began to revise the guideline
“Organisation of Nuclear Power Installa-
tions” (ENSI-GO7) which specifies the organ-
isational requirements stated in the Nuclear
Energy Ordinance. The revised guideline will
meet the requirements of the IAEA (i.e. GSR
Part 2) as well as several WENRA reference
levels and will consider a new safety concept,
namely “Organisational Resilience”. ENSI has
developed a mutual understanding of safe-
ty and security culture. Its approach to safety
and security culture is based on an integrat-
ed understanding of the culture of a (nucle-
ar) organisation. Nuclear safety and security
both serve the same purpose of protecting
people and the environment. Thus, ENSI ex-
plicitly refrainsfrom distinguishing between
safety and security culture in its oversight
activities, although it does consider the spe-
cific requirements for security and nuclear
safety. The themes of safety and security are
considered under the generic term safety
culture. The ENSI reports “Integrated Over-
sight"2 and “Oversight of Safety Culture”
contain basic statements on the oversight
culture of ENSI. The report “Integrated Over-
sight” is the result of the increasing system-
atisation of all oversight activities in recent
years. The reports are available to the public.

Post Fukushima Daiichi Actions

Following the accidentin Fukushima Daiichi,
ENSI undertook a series of actions to under-
stand the event sequence in Fukushima
Daiichi and its causes. The knowledge ob-
tained from analysing the events of the ac-
cident at Fukushima Daiichi was reviewed
to determine its applicability to Switzerland,
and a summary of insights was compiled in
an ENSI report entitled “Lessons Learned”

1 https://www.ensi.ch/en/documents/report-of-the-integrated-regulatory-review-service-

irrs-mission-to-switzerland/

2 http://www.ensi.ch/en/documents/integrated-oversight/
3 http://www.ensi.ch/en/documents/oversight-of-safety-culture-in-nuclear-installations/
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in the form of a series of checkpoints. Fur-
ther points were added on completion of
the analyses for the EU stress tests. The pro-
cessing and implementation of the iden-
tified points were updated and published
annually in the Fukushima Action Plan un-
til February 2015. With the publication of the
summary report containing all measures
identified and implemented post-Fukushi-
ma atthe end of 2016, Switzerland concluded
its post-Fukushima Action Plan. Apart from
the Action Plan, ENSI hasfurther published a
three-partseries with a focus on “Fukushima
Daiichi: Human and Organisational Factors”.
The third part of the series was published in
2021. The full reporting on the Swiss Fukush-
ima activities can be found on the ENSI web-
site.

4 https://www.ensi.ch/en/topic/fukushima-schweizer-kernkraftwerke/
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Response to the COVID-19 pandemic

Difficulties faced and measures
taken due to the pandemic

Regulatory body

The Swiss Federal Nuclear Safety Inspector-
ate ENSI was fully operational at all times
despite the unusual situation since the
COVID-19 outbreak. Switzerland applied a
three-part pandemic action model (normal
situation, particular situation, and extraordi-
nary situation) with varying degrees of man-
dated protection measures including man-
datory working from home. Therefore, staff
worked from home whenever possible, and
meetings were primarily held by videocon-
ferencing.

To protect its staff and keep ENSI function-
al, a “pandemic task force” was established,
which monitored the situation and suggest-
ed protection measures and their eventu-
al relaxation to the Executive Management
Board. Most ENSI staff reported that, apart
from occasional technical glitches, they were
able to carry out their work from home office
satisfactorily. Depending on the pandem-
ic situation, a minimum of 15-20 % of ENSI
staff were working in ENSI's offices. Staff re-
ported that they missed social contact with
colleagues and a lack of direct professional
exchange.

Further measures such as the wearing of
protective masks, hygiene measures, in-
creased distancesin meeting rooms,and the
closing of recreation areas were implement-
ed depending on the level of the pandemic
action model.

Emergency preparedness exercises were
conducted with a minimum number of staff
and under strict protective measures.

In terms of inspections, ENSI considered
video inspections and carried out a limited
number of such inspections. The use of video
inspections was judged to be of limited use
and hence the majority of inspections was
carried out on site with minimum number
of ENSI staff. A limited number of non-safety

relevant inspections were postponed from
2020 to0 2021.

Licence holders

All active Swiss NPPs were fully operational
during the pandemic. The relevant research
facilities subject to the oversight of ENSI op-
erated on a reduced daily business but nev-
er shut down entirely. The work to dismantle
NPP Muhleberg was continued where pos-
sible and remained on schedule. All NPPs
implemented pandemic plans early on to
prevent infection from and between em-
ployees and consequently comply with the
provisions specified by the Federal Council
concerning social distancing and hygiene
rules.

The pandemic plans contained measures
to prevent contagion from and between
employees and to maintain safe and relia-
ble electricity production. The measures in-
cluded, for example, “split operation” (half of
the staff of a department works on site, the
other half works fromm home), ban on holi-
days for all employees, reducing the num-
ber of meetings,and maintaining distancing
during shift changeover. The measures were
primarily aimed at ensuring that the min-
imum number of qualified personnel was
maintained at any given time, as required
by the operating regulations. This applied
especially to licensed personnel (e.g. reactor
operators), radiation protection personnel
and plant security staff. At any given time,
the NPP licence holders reported that suffi-
cient personnel were available for safe oper-
ations.

The 2020 outages were heavily influenced
by the start of the pandemic. Due to ambi-
guities about the handling of the pandemic,
most NPPs decided to reduce the scope of
tests and maintenance work, hence short-
ened outages resulted. Only non-safety rel-
evant maintenance work was postponed.
This procedure was assessed and approved
by ENSI.



Response to the COVID-19

pandemic

Extensive measures, in addition tothe stand-
ard measuressuch asthe wearing of hygiene
masks, distancing, and washing hands, were
established to reduce the risk of a COVID-19
spreading in the NPP during the outages.
This included the introduction of Corona-
task forces, the introduction of time slots for
breaks to prevent clustering, medical con-
trols at the entrance to the premises, as well
as mandatory visits to a doctor in order to
access the site, and health self-declarations.
NPP Beznau-1flewin some essential person-
nel from abroad to carry out maintenance
work. The workers were quarantined for two
weeks before they started their work.

In 2021 all outages were carried out as
planned, some of them extended due to a
backlog of work from the previous year, and
extensive backfitting took place in NPP Leib-
stadt.

All licence holders carried out emergency
drills according to the legislation. Due to the
circumstances, the scope of the emergency
exercises was adapted and staff levels were
reduced. Additionally, all licence holders
submitted documentation on measures to
guarantee emergency preparedness and
response under the pandemic circumstanc-

es, for review.

Lessons learned

The sudden arrival of an unexpected pan-
demic demanded a high level of flexibility
from the staff and flexibility in the sched-
uling of equipment use, especially in the
IT-sector. Due to well trained staffand readily
available equipment, the home work situa-
tion was managed well and no notable de-
lays occurred in any sector.

During the pandemic it was realised that
ENSI's previously written, theoretical pan-
demic plan, although not wrong, needed
to be updated and made more suitable for
real-life application. Furthermore, due to re-
mote working, severalinternal processes had
to be reviewed, such as the process regulat-
ing occupational health and safety, the risk
analysis process, or the business continuity

mManagement process.

Another lesson learned was that not all sec-
tors can carry out video-based inspections
efficiently, at least not with the current
equipment and organisation. Furthermore,
the legal situation is unclear in respect of to
what extent it is possible to stream live infor-
mation froman NPP.
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Answers to the requirements of
the Guidelines regarding the National
Reports under the CNS - INFCIRC/572

Challenges from the Seventh
Review Meeting:

The following challenges were identified for
Switzerland during the Sixth Review Meet-
ing of the CNS:

Challenge 1: Open issues from

the IRRS Follow Up Mission in 2015:

“The government should:

M strengthen ENSI's independent regula-
tory authority by giving ENSI the ability to
issue binding technical safety requirements,
licence conditions on nuclear safety, security
and radiation protection

B and strengthen ENSI's position as the
competent, technical authority, by having
NSC provide their technical safety input to
ENSlIsolelyinanopenandtransparent man-

n

ner.

Activity performed in this regard:

Addressing Challenge 1 would require an
amendment of the Nuclear Energy Act. The
strictimplementation of the mentioned rec-
ommendationswould imply the fundamen-
tal questioning of the Swiss system of nucle-
aroversight. This system of nuclear oversight,
enshrined in the Nuclear Energy Act, is the
result of a long and controversial political
process and reflects peculiarities of the Swiss
system of government. This topic was dis-
cussed in parliament and a report from the
Swiss Federal Council was requested. The
report concluded that both R6 of the 201
IRRS mission and RF1 of the 2015 follow-up
mission require a shift in competence from
the licensing authority to ENSI. In the view
of the Swiss Federal Council, implementa-
tion of this recommendation would resultin
a weakening of the role of both DETEC and
the Nuclear Safety Commission (NSC). This
would oppose the division of roles expressly
intended by parliament. Moreover, it would
interfere with the concept of plan approval

procedures, which is prescribed not only in
the NEA, but also in other infrastructure leg-
islation. The Swiss Federal Council does not
share the opinion of the IRRS mission that
the existing legislation could lead to incor-
rect decisions in the area of nuclear safety.
These concerns are sufficiently considered
with the existing legislation and case law.
In its report, the Swiss Federal Council thus
advocated not to adopt recommendation
RF1. As a result, the parliament agrees with
the Swiss Federal Council's assessment not
to adopt Recommendation RF1. Therefore,
currently, the implementation of these rec-
ommendations will not be possible from a
political perspective.

Based on the above argumentation, the Rec-
ommendation RF1 was not retained in the
IRRS mission 2021.

Challenge 2: Finalizing the investigations
concerning UT indications at Beznau RPV
Activity performed in this regard:

After completing an extended materials
characterisation programme and a valida-
tion of the ultrasonic testing (UT) techniques,
Beznau NPP submitted its final Safety Case
for Beznau Unit |. Review of the UT validation
and the Safety Case by ENSI and its interna-
tional expert group (International Review
Panel IRP) was completed early in 2018. The
IRP and ENSI came to the conclusion that
the UT indications are caused by agglom-
erates of alumina oxide inclusions, formed
during manufacturing, which do not signif-
icantly affect the materials properties rele-
vant for the structural integrity or the irradi-
ation sensitivity. It could be confirmed that
the applied ultrasonictesting proceduresare
reliable and able to detect all relevant flaws.
A fracture mechanics assessment of the
flaws, using highly conservative assump-
tions, demonstrated that the safety case is
robust. After ENSI accepted the Beznau 1



Answers to the requirements

RPV Safety Case, the unit returned to oper-
ation in March 2018. ENSI has issued the re-
quirement to repeat the UT inspection of the
base material of the RPV Shell C where the
indications with the highest UT amplitudes
are located. The follow-up UT is planned for
the 2022 refuelling outage.

Challenge 3: Decommissioning

of MUhleberg NPP

Activity performed in this regard:
See separate chapter under Article 6.

Suggestion 1: Report on the progress

of the root cause analysis concerning the
dry outissue of the Leibstadt NPP during
the 8" RM

Activity performed in this regard:

For a detailed explanation of the root cause
analyses see the Eight Swiss National Report
to the CNS. Ashort update from March 2019
until March 2022 is presented below.

The basic knowledge, that Zn-rich CRUD-
deposition was the reason for the V-shaped
marks has not changed. Since March 2019
the operator carried out further intensive
investigations. The results were made avail-
able to an international review team led by
EPRI.

Since the beginning of the investigations,
more than 350 fuel assemblies (FA), which
have been operated on affected side entry
orifice positions (SEO), have been inspected.
These inspections included each type of fuel,
which is used in Leibstadt NPP. One type of
FA has been operated without restrictions
andwithout any sign of V-shaped marks. The
designthat has been affected in the past, has
a restriction in bundle power for its first cy-
cle of operation. No new findings have been
identified.

A gamma-scan campaign was carried out.
Based on the results, the plant-manufactur-
er published Safety Information Commu-
nications in June 2020 and June 2021. The
latter involves an adjustment of the thermal
hydraulic loss coefficients of SEO and their
impact on CPR monitoring. Leibstadt NPP
implemented this finding by a CPR penalty
initsonline system.

The increased CRUD formation was numer-
ically evaluated by the fuel vendor of the
affected FAs. The program can support the
avoidance of V-marks in Leibstadt NPP.

It can be summarized, that the measures
were successful and no new V-marks have
occurredin Leibstadt NPP. The fundamental
investigationsare finished.

Description of significant
changesto Switzerland’s national
nuclear energy and regulatory
programmes and measures taken
to comply with the Convention’s
obligations

Asaresultoftheeventsin Fukushima Daiichi,
Switzerland decided to phase out nuclear
energy. Therefore, no nuclear new builds are
allowed.

The nuclear phase-out was decided upon as
part of the Energy Strategy 2050, which en-
tailed a partial revision of the Nuclear Energy
Act. Following these discussions, both cham-
bers of parliament decided to refrain from
restricting the operational lifetimes of the
existing Swiss nuclear power plants. Thiswas
also confirmed by the Swiss voters in a ref-
erendum in November 2016, where the Swiss
voters rejected a Green Party initiative that
called for a 45-year limit to be placed on the
operating periods of existing plants. Beyond
that, parliament also rejected a proposition
based onwhich the operators of NPPswould
have had tosubmit LTO conceptsto ENSI be-
fore the completion of 40 years of operation
(and then again on al0-year basis).

Apart from the revision of the Nuclear En-
ergy Act, the following relevant legal docu-
ments relating to nuclear energy have been
revised since the eight Swiss CNS National
Report.

B Nuclear Energy Ordinance (SR 732.11)

M Radiation Protection Ordinance (814.501)

B Ordinance on the Staff of the Federal
Council National Emergency Operations
Center (SR513.12)

M Federal Law on Civil Protection
and Civil Defence (SR 520.1)

B Ordinance on Civil Protection (520.12)
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B Ordinance on the Federal Civil Protection
Staff (SR 520.17)

B Ordinance on Safeguards (SR 732.12)

B Ordinance on the Decommissioning
Fund andthe Disposal Fund for Nuclear
Installations (Decommissioning and
Disposal Fund Ordinance, SR 732.17)

B Ordinance on Emergency Protection
inthe Vicinity of Nuclear Installations
(Emergency Protection Ordinance,

SR 732.33)

B Ordinance of the FDHA on basic and ad-
vanced training and permitted activities
in radiation protection (SR 814.501.261)

New regulatory guidelines issued by ENSI
have been introduced (see appendix 2). By
involving the stakeholders and the gener-
al public in the procedure of issuing guide-
lines, the regulatory process is transparent.
Furthermore, each new regulatory guideline
includes the related international WENRA
and IAEA requirements. (See Introduction,
Articles7and8)

Issue Reported

Vienna Declaration on Nuclear Safety

Major Common Issues from

the Seventh Review Meeting

During the peerreview of the Seventh Review
Meeting, a number of common issues were
identified and listed in the Summary Report
(para 25-35). The issues identified have been
dealt with in the corresponding chapters
mentioned in the table below.

Separate chapter on VDNS

Safety Culture

Articles 8,12

International Peer Reviews

Summary, Articles 7,8

Legal Framework and Independence of Regulatory Body Articles 7,8
Financialand human resources Article 8
Knowledge management Articles 9,12

Supply Chain

Managing the Safety of Ageing Nuclear Facilities and Plant
Life Extension

Articles 6,14,18

Emergency Preparedness

Article16

Stakeholder Consultation & Communication

Articles7,8

Cyber Security

See Switzerland's eighth national report

Table 2:

Major Common Issues
from the Seventh
Review Meeting



Answers to the requirements/

Summary of to Articles 6-19

Summary of the detailed answers
to Articles 6-19 of the Convention

Article 6 - Existing nuclear
installations

The general safety level of Swiss NPPs is high.
The first generation of NPPs in Switzerland
(Beznau unitsland Iland MUhleberg), which
started operation in the late 1960s and ear-
ly 1970s, has been the subject of progressive
backfitting following major developments
in NPP safety technology as well as in re-
sponse to the Fukushima Daiichi accident.
First-generation NPPs have been the subject
ofregularsafety reviews. The most recent pe-
riodic safety review (PSR) for Beznau NPP
was submitted towards the end of 2017 and
ENSI's review report was published in 2021
including long-term operation evaluation.
The second generation of NPPs (Gosgen
and Leibstadt) incorporated various safety
and operating improvements in their initial
design. The analogue control technology in
Gdsgen NPP iscurrently being replaced by a
modern digital system. The project is sched-
uled to end in 2022. Further project stages
are being planned. Preparations for a sim-
ilar replacement of the control technology
in Leibstadt NPP are under way. Upgrad-
ing of the bunkered emergency systems in
Gosgen NPP started in 2018. The purpose of
backfitting is to cope with a broader spec-
trum of external hazards. All PSRs conducted
in Switzerland are reviewed in depth by ENSI.
ENSI's final review reports are available on
ENSI website (www.ensi.ch). In conclusion,
all Swiss NPPs have undergone the safety re-
view process required under the Convention
and have incorporated the improvements
identified in their respective safety review
reports. The Swiss policy of continuously im-
proving NPPs based on the current state of
the art of science and technology ensures a
high level of safety.

Article 7 - Legislative

and regulatory framework

The legislative and regulatory framework
for nuclear installations is well established

in Switzerland. It provides the formal basis
for the oversight and continuous improve-
ment of nuclear installations. The main legal
provisions for authorisations and regulation,
oversight and inspection are regulated in
the Nuclear Energy Act, the Nuclear Energy
Ordinance, the Radiological Protection Act
and the Radiological Protection Ordinance.
The Nuclear Energy Act and its ordinance
cameintoforce in 2005. Safety requirements
and regulations are detailed in the over 40
regulatory guidelines issued by ENSI, cover-
ing all aspects of the lifetime of an NPP, i.e.
operation and decommissioning, nuclear
waste transport and disposal, as well as radi-
ation protection and emergency prepared-
ness. The Nuclear Energy Act also provides
the legal basis for inspections and safety as-
sessments performed by ENSI, and for the
enforcement of applicable regulations and
the terms of the licence. The Nuclear Ener-
gy Act and the Nuclear Energy Ordinance
are well established. The decision to phase
out nuclear energy is incorporated in the
revised versions. ENSI has also issued new
guidelines. By involving the stakeholders
in the procedure of issuing guidelines and
publishing draft guidelines for public com-
ments, the regulatory process is transparent.
Furthermore, each new regulatory guideline
includes the related international IAEA and
WENRA requirements.

Article 8 - Regulatory body

The Federal Council (Federal Government)
grants general licences. DETEC grants con-
struction licences and operating licences for
nuclear facilities. ENSI is the regulatory au-
thority for nuclear safety including radiologi-
cal protection and nuclear security. ENSl'sre-
sponsibilities and tasks have increased over
the last 25 years, causing the workforce to
gradually increase to about 153, with 141 FTEs,
including more than 100 specialists in reac-
tor safety, radiation protection, waste man-
agement, etc. In addition, its structure has
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been adapted to reflect changed require-
ments. ENSI is fully independent of organ-
isations concerned with the promotion or
utilisation of nuclear energy and the licens-
ing of NPPs. It was made independent of the
Federal Office of Energy by an Act of Parlia-
ment on1January 2009, it is controlled by its
own strategic board (ENSI Board), and has
its own budget. ENSI uses a process-orient-
ed management system, which was initially
awarded ISO 9001 certification in December
2001. Accreditation of the inspection activi-
tiesaccording to ISO/IEC 17020 was achieved
in 2015. The management system applies to
all relevant activities and is subject to contin-
uous improvement based on management
reviews, international expert missions, evalu-
ation of performance indicators, internal au-
dits and routine checks by the certification
agency. As a result, ENSI's management sys-
tem is well established and provides effec-
tive support for both managementand daily
operations. The IRRS Mission in 2021 demon-
strated that ENSI's quality management is
effective. At the same time it also revealed
potential for improvement. The manage-
ment system isactively maintained and sub-
ject to regular minor modifications for fur-
ther development and improvement. About
one quarter to one third of the documenta-
tionis updated every year.

Article 9 - Responsibility of

the licence holder

The responsibilities of the licence holder for
the safe operation of an NPP are explicitly
stated in the Nuclear Energy Act. Each NPP
has accepted the conditions laid down for
operation and a corresponding statement
is included in the preamble of the operat-
ing manual for each NPP. ENSI conducts a
variety of oversight activities (inspections,
document reviews, safety reviews and reg-
ulatory meetings) to ensure that the licence
holders assume full responsibility for the
safety of their installations. ENSI's senior
management team meet periodically with
the licence holders’ senior management to
address technical, financial and human as-

pects of the NPPs. The Swiss nuclear indus-

try has undergone drastic changesin recent
years. ENSI addressed the related challeng-
es posed by these changes and their safety
implications as part of an experts’ discussion
on safety culture in 2018. In addition, as part
of periodic safety reviews, ENSI required the
power plant management and the licence
holder’'s corporate management to demon-
strate how decision-making takes into ac-
counttheresponsibilities of both parties.

Article 10 - Priority to safety

Safety has always been afforded the highest
priority by all organisations actively involved
in operating,decommissioning and disman-
tling nuclear installations in Switzerland. To
give the highest priority to safety is, by law,
a general obligation of each licence holder.
All licence holders have fulfilled this obliga-
tion in their management system and thisis
also demonstrated by these organisations’
commitment to external comparison, peer
review and improvement. All Swiss NPPs
have undergone OSART missions, includ-
ing follow-up missions. All Swiss NPPs reg-
ularly take part in the WANO Peer Review
Process involving a WANO peer review and
a WANO follow-up mission over a cycle of
about six years. Since 2013, all of the licence
holders have been involved in Corporate
Peer Reviews and the subsequent follow-up
missions. N 2019, thefirst IAEA Safety Culture
Self-Assessment was conducted in Switzer-
land and more have been conducted or
planned in the subsequentyears.

Article 11-Financial and human
resources

NPP operatorsin Switzerland have sufficient
financial resources to maintain a high level
of safety throughout the lifetime of an NPP.
Should an NPP no longer fulfil the regulato-
ry safety requirements, its licence would be
revoked and it would not be able to contin-
ue operating. Decommissioning and waste
disposal are financed by dedicated funds.
As required by the Swiss Nuclear Energy Act,
corresponding ordinances and regulatory
guidelines, the installations have sufficient
qualified staff who are capable of managing
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and controlling nuclear installations. Over
the reporting period, staffing levels have re-
mained largely stable at all Swiss NPPs. NPP
personnel receive regular instruction and
training. Ongoing training is provided so
that personnel can keep abreast of advances
in science and technology, and plant mod-
ifications. All operating Swiss NPPs possess
plant-specific full-scope replica simulators.

Article 12-Human factors

The licence holder’s obligation to establish
a suitable organisation is firmly embed-
ded in the Swiss legislative framework. The
Nuclear Energy Ordinance sets out require-
ments concerning the organisation that are
specified in detail in Guideline ENSI-GO7
“Organisation of Nuclear Power Installa-
tions”, which is currently under revision. At-
tention is also given to the safety culture
concept for which ENSI applies a special
oversight method: Specialist discussions on
safety culture issues. The nuclear industry
has been confronted with a variety of chang-
es that might have an impact on safety (e.g.
changes in the energy, supplier and labour
markets, loss of know-how, new technical
safety requirements). Accordingly, ENSI is
committed to closely monitoring and ex-
amining these changes and their impact
on safety. The Nuclear Energy Ordinance
lays down a series of NPP design principles,
including a human factor principle: “Work-
stations and processes for the operation
and maintenance of the installation must
be designed so that they take account of
human capabilities and their limits". ENSI
pays particular attention to this principle in
itsoversight of plant modernisation projects.
In all NPPs workstations and processes for
the operation and maintenance of the in-
stallations are evaluated by human perfor-
mance specialists to ensure that they take
account of human capabilities and their lim-
its to avoid safety relevant events. In case of
an event all NPPs conduct thorough inves-
tigations of human and organisational fac-
torswhenever they are identified as the root
cause or a contributing factor in events with
arelevance to safety.

Article 13 - Quality assurance

All Swiss NPPs have an integrated manage-
ment system and are certified according to
the current quality standards. All NPPs have
incorporated appropriate self-assessment
processes in their management systems.
ENSI regularly performs inspections on the
safety relevant processes of the licence hold-
er's management systems to assess the ef-
fectiveness of quality assurance measures.
Thisincludes the use of internal and external
(supplier) audits.

As part of the continuous improvement of
management systems, ENSI pays particular
attention to how the senior management
fulfils its responsibilities regarding the as-
sessment of the effectiveness of their man-

agement systems.

Article 14 -Summary

In Switzerland, the review and assessment
procedures include an evaluation of deter-
ministic as well as probabilistic safety anal-
yses (DSA & PSA) within the framework of
periodic safety reviews (PSR), long term op-
eration (LTO) assessments, safety-relevant
plant modifications, and reports on ageing
surveillance programmestogether with oth-
er safety-related documents as requested
by ENSI. As part of the integrated oversight
approach, an annual systematic assessment
of nuclear safety is conducted for each NPP
based on event analyses, inspection results,
operator licensing reviews, safety indicator
data and information in the periodic licence
holderreports. The assessment of the period-
ic safety review by an NPP isdocumented in
acorresponding evaluation report. PSRsand,
since 2017, a LTO assessment are required
at least every 10 years. Plant documenta-
tion must be regularly updated, including
the safety analysis report (SAR) and PSA.
The licence document includes important
conditions and operating requirements. An
Ageing Surveillance Programme is in place
for all Swiss NPPs. This programme serves
to collect information on the structures, sys-
tems and components (SSCs) of relevance
for the monitoring of ageing and under-
standing of ageing mechanisms in order to
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maintain safety marginsand the safety func-
tions of SSCs throughout the life of a plant.
As such, the programme is a prerequisite
for long-term operation. Backfitting and
replacement of safety-related equipment
are necessary when existing equipment no
longer satisfies current standards or when it
becomes difficult to maintain. ENSI reviews
and closely monitors the process for such
activities. ENSI must approve the design, in-
stallation, modification and commissioning
of safety-classified equipment.

Article 15 - Radiation protection

The present Radiological Protection Act
came intoforce in1994. Based on the recom-
mendations of the International Commis-
sion on Radiological Protection (ICRP), the
Radiological Protection Ordinance as well as
subsidiary ordinances relating to particular
aspects such as the handling of radioactive
materials, training or dosimetry, were revised
and then enacted in 2018. These ordinances
have also been revised to obtain, inter alia,
compatibility with the latest European Safe-
ty Directive and the IAEA Basic Safety Stand-
ards. ENSI has subsequently issued revised
versions of most of its relevant guidelines.
The oversight and control methods current-
ly applied by ENSI comply with the Conven-
tion's requirement to maintain radioactive
doses to personnel, the public and the envi-
ronment as low as reasonably achievable as
wellasto maintainthe generation of radioac-
tive waste associated with the use of nuclear
power atthelowest possible level. Calculated
doses on the basis of annual emissions for a
virtual most exposed population group, in-
cluding exposure due to deposition from
former years, have always been well below
0.2 mSv per year. Since 1994, calculated dos-
estothe public resulting from annual releas-
es have been below 0.01 mSv per year for all
Swiss NPPs. Since 1994, with two exceptions,
no individual dose above 20 mSv per year
has been accumulated by plant personnel
or contractors during their work in Swiss
NPPs. Since 1987, all annual collective doses
have remained well below 4 man-Sv per unit
and, moreover, all have been maintained at

around 2.0 man-Sv since 1995, with the ex-
ception of when the annual collective dose
for the year 2021 at NPP Leibstadt amount-
edto3.6 man-Svduetoextensive backfitting
resulting in an outage exceeding six months.
The low annual averaged individual and col-
lective doses prove the effectiveness of the
implemented measures based on the most
recent recommendations of the ICRP (e.g.
guidelines,job planning and oversight). ENSI
reviews the NPPs' radiation planning pro-
cessas part of its regulatory duties. Addition-
ally, ENSl reviews all periodic reports relating
to radiation protection measures that are is-
sued by the power plants.

Article 16 - Emergency
preparedness

The legal basis of emergency preparedness
and concepts relevant to emergency pre-
paredness and response have been revised
as a result of the efforts of the official federal
working group on the review of emergency
preparedness measures in the event of ex-
treme events in Switzerland (IDA NOMEX).
The scenario used for emergency planning
purposes is characterised by an unfiltered
source term. As a consequence, awareness
of emergency preparedness and response
beyond the outer radius of Zone 2 (i.e. 20 km)
has been raised, and this is reflected in the
concept for emergency protection in the
event of an accident at a nuclear power
plant. Severe accident management guide-
lines (SAMGs) are available for all plant states
at Swiss NPPs. They are generally symp-
tom-based and thus suitable for covering
a comprehensive set of scenarios. The use
of mobile or accident management equip-
ment to cope with a Station Blackout (SBO)
recently received special attention, includ-
ing topical inspections by ENSI. On-site and
off-site emergency plans exist for each Swiss
nuclear installation. Emergency planning
zones around NPPs are defined. Emergen-
cy protective measures, e.g. sheltering and
the availability of iodine tablets, have also
been established. Thereisan automatic dose
rate monitoring and emergency response
data system (MADUK) around all NPPs in
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Switzerland. The data is transmitted elec-
tronically to ENSI, the National Emergency
Operations Centre and the Ministry of the
Environment of Baden-Wdurttemberg (Ger-
many). The ANPA system also provides ENSI
with online access to measurement data for
approximately 25 important plant param-
eters. ENSI has also set up an automated
system for radiological forecasting. Appro-
priate channels exist for alerting the public,
the National Emergency Operations Centre
and neighbouring countries. Bilateral agree-
ments between Switzerland and neighbour-
ing countries covering alerts in the event of
an emergency are in place. Switzerland's
approach to emergency preparedness and
response is regularly verified at the inter-
national level by its participation in interna-
tional exercises conducted by the IAEA or
ECURIE.

Article 17 - Siting

The licensing procedure includes the steps
required to evaluate the relevant NPP site-
related safety factors. Under the Nuclear En-
ergy Act and the Nuclear Energy Ordinance,
a general licence for a nuclear installation
can only be granted if the site is suitable.
The decision on whether to grant a gener-
al licence is subject to a facultative national
referendum. When evaluating the suitabili-
ty of a potential NPP site, a comprehensive
investigation of the external hazards must
be carried out as a basis for an appropriate
plant design. All site-related factors must be
included in a Safety Analysis Report (SAR).
Furthermore, the general licence applica-
tion must include an environmental impact
report,adecommissioning conceptand oth-
er safety-related documents. Amongst oth-
er documents, applicants for a construction
licence must submit an updated SAR. ENSI
reviews these documents and publishes the
results in a safety evaluation report. Those
living in the areas surrounding the site of a
proposed NPP (including areas in neigh-
bouring countries) are invited to participate
in the comprehensive public consultation
conducted as part of the licensing proce-
dure. Switzerland hassigned agreementson

the exchange of information with its neigh-
bours Austria, France, Germany and Italy and
isasignatory to the ESPOO convention. Site-
related factors are re-evaluated periodically.
In May 2011 the Swiss Government decided to
phase out nuclear power in Switzerland. This
isenshrined in Article 12a of the revised Fed-
eral Energy Act which hasbeeninforce since
January1,2018.

The applicability and effectiveness of EN-
Sl's re-evaluation process has been demon-
strated by the probabilistic re-assessment of
seismic hazards at Swiss NPP sites (PECAS-
OS). This project was carried out by Swiss li-
cence holders in response to a requirement
in ENSI's PSA review process. In 2008, Swiss
licence holderslaunched a follow-up project,
the PEGASOS Refinement Project (PRP),
to take advantage of recent findings in the
earth sciences and new geological and geo-
physical investigations at existing NPP sites.
PRP is aimed at reducing the uncertainty
range of the prior PEGASOS results. The PRP
was completed and submitted by the end
of 2013. At the end of 2015, ENSI defined new
hazard assumptions, based on PRP, known
as ENSI-2015.

Due to the insights resulting from the Fuk-
ushima Daiichi accident, ENSI asked the
licence holdersto re-assess what constituted
adequate protection against external flood-
ing for their NPPs, taking into account the
upgraded site-specific flooding hazard. The
results identified some necessary backfits
(e.g., on one site, improving the system for
protecting the water intake against block-
age). After implementing these measures,
ENSI concluded that all Swiss plants have
sufficient safety margins beyond their de-
sign basis. Led by the Federal Office for the
Environment together with other regulatory
bodies including ENSI, a comprehensive re-
assessment of the external flood hazard was
carried outin 2021.

Finally, considering extreme weather con-
ditions, ENSI set out the requirements for
probabilistic hazard analyses and safety cas-
esingreaterdetail. Attheend of 2012,in com-
pliance with an ENSI request to this effect,
the plant operators submitted a document
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illustrating how they intended to build their
safety case. The probabilistic hazard analyses
and the proof of adequate protection of the
plant against extreme weather conditions
were submitted to ENSI in 2014. The haz-
ard analyses were reviewed by ENSI in 2015.
Resulting from ENSI's review, the Swiss NPPs
were required to update their hazard analy-
ses. All licence holders submitted updated
hazard analyses in the course of their peri-
odic safety review. In general, the new stud-
ies showed an improvement in the quality of
the studies. Based on these studies ENSI will

define new hazard assumptions.

Article 18 - Design and
construction

The Swiss nuclear power plants (NPPs) were
designed, constructed and backfitted in
accordance with the defence-in-depth con-
cept. To enhance robustness against ex-
treme external events, all Swiss NPPs have
a special independent, bunkered system for
shutdown and residual heat removal. The
various levels of defence that exist ensure
that safety criteria and dose limits for the
public are met during normal operation of
the NPP and for all design-basis accidents. In
addition, appropriate measures are in place
to prevent or mitigate the release of radio-
active materials into the environment in the
event of beyond-design-basis accidents.
Design, materials and components are sub-
ject to rigorous control by regular testing in
order to verify their required quality. Safety
assessments for the LTO of the Swiss NPPs
have been performed as part of the period-
ic safety reviews. Backfitting is carried out
when necessary or reasonable. All Swiss
NPPs possess a filtered containment vent-
ing system to mitigate radiological effects
on the environment in the most severe acci-
dent scenarios. After the Fukushima Daiichi
accident, protection of the Swiss NPPs and
their spent fuel pools (SFP) against external
events was reassessed by the licence hold-
ers. Furthermore, the Swiss nuclear safety
Inspectorate (ENSI) ordered all licence hold-
erstoimmediately implement two physical-
ly separate lines / connections to feed SFPs

from outside the buildings as an accident
management measure, and to backfit seis-
mically robust SFP cooling systems in the
first generation NPPs. In addition, ENSI con-
ducted several inspections to assess the situ-
ationinthe Swiss NPPsregardingissuesthat
resulted from the accident management
actions performed at Fukushima Daiichi.
Additionally, the safety of an NPP must be
demonstrated for natural hazards with an
exceedance frequency of 104 per annum. At
the end of 2015, ENSI defined a new seismic
hazard, known as ENSI-2015. According to
the Swiss regulations, the licence holders are
obligedtoverify the nuclear safety of NPPsin
the event of significant changes to the haz-
ard definition. The corresponding order was
issued by ENSIin 2016. Verifying seismic safe-
ty involves four phases. In the first phase the
licence holders developed and submitted
the general concept for a safety assessment.
ENSI approved the concepts in 2017. The fol-
lowing verifications (update of post-Fukush-
ima verification and probabilistic safety as-
sessment) were finished with positive results
and the deterministic verifications phase is
ongoing.

The external flooding analyses were re-
assessed in 2011 for flood levels with an
exceedance frequency of 104 per annum. It
could be demonstrated that all Swiss NPPs
fulfil the requirements. All Swiss NPPs have
carried out substantial seismic backfitssince
commissioning. To summarise, the Swiss
NPPs were designed and constructed on
the basis of the IAEA concept of defence in
depth. The basic principles regarding re-
dundancy, diversity, physical and functional
separation and automation were enshrined
in the Nuclear Energy Act, the Nuclear En-
ergy Ordinance and the guidelines issued
by ENSI, ensuring that these principles are
implemented in the plants as far as possible
and reasonable.

Article 19 - Operation

The requirements for the safe operation of
Swiss NPPs are specified in the operating
licence granted to each NPP. The operating
licence includes commissioning approv-
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al. The commissioning programme, which
requires the approval of ENSI, comprises
pre-operational and start-up tests as well
as procedures for testing any equipment
thatisimportant for safety. The most impor-
tant operating procedures are the Technical
Specifications, which include the limiting
conditionsforoperation andsimilarly require
the approval of ENSI. The operating proce-
dures for an NPP also cover maintenance,
testing and surveillance of equipment. En-
gineering and technical support in all fields
relevant to safety is available to all NPP staff.
The Nuclear Energy Act, the Nuclear En-
ergy Ordinance and regulatory guidelines
include requirements for the notification of
events and incidents. Under the Ordinance,
each NPP must use dedicated Emergency
Operating Procedures (EOPs) for operation-
alanomaliesand emergency conditions. The
ultimate objective of EOPs is to bring the
plant into a safe operating state. A Severe
Accident Management Guidance (SAMGQ)
programme isdesigned to prevent or at least
minimise any impact on the environment.
SAMG isimplemented in all Swiss NPPs and
covers all relevant operating states. All NPPs
have Accident Management (AM) proce-
dures and a variety of measures to deal with
scenarios beyond the plant design basis. All
Swiss NPPs are equipped with special bun-
kered safety systems designed to withstand
extreme external events. A flood-proof and
earthquake-resistant external storage facility
has been in place at Reitnau since June 2011
in order to strengthen the provision for ac-
cident mitigation. The Swiss NPPs have de-
veloped their own on-site technical support
covering the surveillance test programme,
reactor engineering and fuel management,
operating experience feedback, plant modi-
fications and safety-related computer appli-
cations. The Swiss legal and regulatory basis
contain requirements for the notification of
events and incidents. The process dealing
with non-conformance control and remedi-
al actionisvery importantin Swiss NPPs. It is
guided by procedures that form part of the
management system. Any non-conform-
ance is reported and discussed at the daily

morning meeting held by each NPP and fol-
low up action (e.g. work authorisations) is in-
itiated where necessary. Furthermore, each
NPP has a process for handling external op-
erating experience, which screensand evalu-
atesinformation onexternalevents. ENSI has
its own process for assessing eventsin nucle-
ar installations in other countries. In addition
toitsgeneralinspection activities, ENSIgains
further insight into the operations of an NPP
through a system of comprehensive opera-
tor reporting. Both ENSI and the operators
collect operating experience from domestic
and foreign NPPs. In some cases, an analy-
sis of a particular operating experience has
resulted in important safety-related back-
fitting or modifications to Swiss NPPs. The
Nuclear Energy Act includes the principle
that those generating radioactive waste are
responsible for its safe and permanent man-
agement. Thanks to high fuel quality and
plant cleanliness, the radioactive waste gen-
erated at NPPs is kept to the minimum lev-
el possible. The resultant waste is collected
and separated. As a general rule, radioactive
waste is conditioned as soon as practicable.
All procedures for conditioning radioactive
waste require the approval of ENSI. Each
NPP stores spent fuel discharged from reac-
tors on site for several years. The Nuclear En-
ergy Act prohibits the reprocessing of spent
nuclear fuel for a period of ten years with
effect from 1 July 2006. This ban has been
made permanent as part of the revised Swiss
Nuclear Energy Act. At present, spent fuel is
also stored in transport and storage casks at
the Central Interim Storage Facility (ZZL).
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Implementation of the Vienna
Declaration on Nuclear Safety

in Switzerland

1. New nuclear power plants are to be
designed, sited, and constructed, consist-
ent with the objective of preventing
accidentsin the commissioning and oper-
ation and, should an accident occur, mit-
igating possible releases of radionuclides
causing long-term off-site contamination
and avoiding early radioactive releases

or radioactive releases large enough
torequire long-term protective measures
and actions.

The principles regarding the design and
construction of nuclear power plants are
specified in the Nuclear Energy Act (NEA),
the Nuclear Energy Ordinance (NEO) and
ENSI guidelines (for detailed information on
the Swiss regulatory system, see Article 7).
According to Article 12, paragraph 1 of the
NEA, anyone intending to construct or op-
erate a nuclear installation requires a gen-
eral licence issued by the Federal Council.
With the Swiss energy strategy 2050, sever-
al affected acts were revised and the grant-
ing of general licenses for the construction
of new nuclear power plants has been pro-
hibited since January 2018 (see Article 12a of
the NEA). Nevertheless, the preventive and
protective principles for new nuclear power
plantsare still valid, in particular as a basis for
backfitting requirements for existing power
plants.

Article 4, paragraph 1 of the NEA stipulates
that “Special care must be taken to prevent
the release of impermissible quantities of ra-
dioactive substances andto protect humans
and the environment against impermissible
levels of radiation during normal operation
and accidents.”

Article 5, paragraph 1 of the NEA stipulates
that “preventive and protective measures
must be taken in accordance with interna-
tionally accepted principles” for the design,
construction and operation of nuclear in-
stallations. These measures include the use

of high-quality components, safety barriers,
multiple and automated safety systems, the
formation of a suitable organisation with
qualified personnel, and the fostering of a
strong safety awareness.

Furthermore, Article 4 NEA, paragraph 3, let-
ter a, entails a dynamic requirement stipu-
lating that “all measures must be taken” that
are “required in accordance with experience
and the state of art in science and technolo-
gy". The state of the art in science and tech-
nology is essentially based on the safety
standards set by the IAEA, which are reflect-
ed in the Swiss national requirements.
Moreover, Article 4 NEA, paragraph 3, letter
b, requires additional measures that “con-
tribute towards an further reduction of risk
insofar as they are appropriate” beyond the
minimal requirements and the state of the
artinscience and technology.

The NEO is legally binding and describes
the minimal requirements of Article 5 of the
NEA regarding the design and construc-
tion of nuclear power plants in more detail.
These requirementsapply fornew NPPsand,
as far as reasonably achievable, for existing
NPPs. Article 10 NEO, paragraph 1 specifies
the requirements regarding single failure
and maintenance criteria, the principles of
redundancy, diversity, physical separation
and functional independence. In letter f par-
agraph 1of Article 10 NEQ, it is required that
safety functions must be initiated automat-
ically without the need for the operators to
take safety related actions within the first
30 minutes after an initiating event. Further-
more, it is stipulated that sufficient margins
must be considered in the design and con-
struction of systems and components, that
a fail-safe behaviour must be targeted, and
that safety functions should preferably be
conducted by passive means.

In Article 8 of the NEO the requirements
regarding the protection of NPPs against
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internal and external hazards are given. The
initiating events to be considered in the de-
sign are listed in paragraphs 2 and 3. More
specific requirements regarding hazard as-
sumptions and assessment of the degree of
protection against hazards are given in the
“Ordinance on Hazard Assumptions and the
Evaluation of Protection against Accidentsin
Nuclear Power Plants” (SR 732.112.2). For the
design of a nuclear installation, accidents
not triggered by natural events are classi-
fied into three categories by the frequencies
specified in Article 123 paragraph 2 RPO. In
addition to the initiating event, an inde-
pendent single failure and additional con-
servative boundary conditions must also be
assumed. Proof must be provided that the
requirements relating to maximum radia-
tion doses in accordance with Article 123 par-
agraph 2 RPO are met. Any accident with an
exceedance frequency of between1.0E-1and
1.0E-2 peryear must not lead to an additional
dose which exceeds the relevant source-re-
lated dose constraints. An accident with an
exceedance frequency of between 1.0E-2
and 1.0E-4 per year must not cause a dose
for members of the public larger than 1 mSv.
And accidents with an exceedance frequen-
cy of between1.0E-4and 1.0E-6 peryear must
not result in a dose larger than 100 mSy; the
licensing authority may specify a lower dose
inindividual cases. Itisrequired that the safe-
ty of a NPP must also be demonstrated for
natural hazards. An accident resulting from
a natural hazard with an exceedance fre-
quency of 1.0E-4 per year must not result in
a dose for members of the public larger than
100 mSv. For the case of a natural event with
an exceedance frequency of 1.0E-3 per year,
it must be demonstrated that the dose is no
larger than1mSv.

The dynamic requirements (see Article 4,
paragraph 3, letter a NEA) mainly apply the
contents of the IAEA safety standards. More
detailed guidance for special casesisgivenin
ENSI'sguidelines.

The dynamicrequirementsin the Swiss legal
framework ensure that new nuclear power
plantsare designed, sited and constructedin
a manner consistent with the current inter-

national safety requirements. This also com-
plieswith the principlesin the VDNS.

2.Comprehensive and systematic safety
assessments are to be carried out periodi-
cally and regularly for existing installations
throughout their lifetime in order toiden-
tify safety improvements that are oriented
to meet the above objective. Reasonably
practicable or achievable safety improve-
ments are to be implemented in a timely
manner.

In Switzerland, there isa safety assessmentin
the course of the periodic safety review (PSR)
at least every 10 years. Within these safety
evaluation processes, potential improve-
ments have to be identified and implement-
ed as appropriate. Further improvements
may be required in the course of the safety
assessment regarding long-term operation
(for more information on the PSR, see Article
14). In addition, there is an annual systemat-
ic assessment of nuclear safety for each NPP
based on event analyses, inspection results,
safety-indicator data and information in the
periodic licence holder reports.

The legal requirement for PSRs is stipulat-
ed in Article 22, para. 2, letter e of the NEA.
The licence holder shall: “in the case of nu-
clear power plants, carry out a comprehen-
sive periodic safety review". The scope of the
PSR is defined in Article 34 of the NEO and
specified in Guideline ENSI-AQ3. As part of
the PSR, each plant is required to assess its
own operating experience and lessons learnt
from the operation of comparable NPPs. The
scope of this assessment is defined in Chap-
ter 5.2 of ENSI guideline A03. According to
Article 34, para. 4 of the NEO, which was re-
vised in 2017, additionally for the period fol-
lowing the fourth operating decade, proof
of safety for long-term operations in accord-
ance to the added Article 34a must be sub-
mitted additionally as part of the PSR. The
proof of safety for long-term operations shall
comprise a) the basic period of operation,
b) proofthat the design limits for the parts of
the plant technically of safety relevance will
not be reached during the planned period
of operation, c) the backfitting and technical
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ororganisational improvements planned for
the following operating decade, and d) the
measures intended to guarantee sufficient
numbers of staff with the required exper-
tise for the planned period of operation. The
PSRsare assessed by ENSland theresultsare
recorded in an assessment report, together
with any measures that may be imposed.
Thereportis public.

The Ordinance on the Methodology and the
General Conditions for Checking the Crite-
ria for the Provisional Taking out of Service of
Nuclear Power Plants (SSR.732.114.5) defines
a set of minimal criteria to be met by the ex-
isting NPPs. If these criteria are not met, the
plant hasto be immediately taken out of ser-
vice and backfitted.

There is a dynamic requirement for existing
NPPs. Article 22, para. 2, letter g of the NEA
requiresthatthelicence holdershall: “backfit
the installation to the necessary extent that
it is in keeping with operating experience
and the current state of backfitting technol-
ogy,and beyond insofar asfurther upgrading
isappropriate and results in a further reduc-
tion of riskto humans and the environment”.
Therecent Guideline ENSI-GO2 “Design Prin-
ciplesfor Existing NPPs" concretisesthe state
of backfitting technology used in Article 22.
para. 2, letter g, of the NEA. This guideline has
been in force since 2019. It outlines the fun-
damental safety concepts and the design
basis requirements. It specifies the primary
safety objectives, the multiple barrier, and
the defence-in-depth concept in concrete
terms. The primary safety function require-
ments are detailed for safety levels 1-3 and
safety level 4. The design-basisrequirements
focus in particular on protection against de-
sign-basis (level 3) and selected beyond-de-
sign-basis accidents (level 4a) as outlined
in the recent update of Guideline ENSI-AQ1
(September 2018). Guideline ENSI-GO2 then
outlines in more detail the design require-
ments for selected structures, systems and
components (SSC). This guideline concre-
tises relevant safety requirements set by the
IAEAand WENRA.

Furthermore, Article 12 of the DETEC Ordi-
nance on the Hazard Assumptions and the

Assessment of the Protection against Ac-
cidents in Nuclear Installations SR 732.112.2
and Guideline ENSI-A06 define criteria from
therisk perspective in order to assess wheth-
er risk mitigation measures have to be iden-
tified and, to the extent appropriate, imple-
mented.

ENSI reviews the backfitting projects and in
doing so, closely monitors the process. The
projects and modifications are subject to a
four-step approval procedure, consisting of
the concept, the detailed design, the installa-
tion, and the commissioning of the systems.
ENSI grants permissions for each step of
the procedure after thorough examination
of the appropriateness, and after checking
compliance with national and international
safety requirements.

In conclusion, it can be stated that the dy-
namic requirement for existing NPPs in the
Swiss legal framework ensures that safety
improvements according to international
good practice are implemented in a timely
manner.

There are plenty of examples of backfitting
projects in Switzerland. As early as 1987,ENSI
required that NPPs had to be protected
against extreme external hazards such as
aircraft impact, explosion, and third-party
action.Thisrequirement led tothe construc-
tion ofthe bunkered specialemergency heat
removal systems, which are designed to op-
erate autarkically for at least 10 hours after
theinitiating event.

The mostimportant backfitting projectsand
the history of PSRs are outlined in Article 6 of
thisreport. Alist of backfittingsand improve-
ments ordered and performed after Fukush-
imaisgivenin Article18.

For more information on PSR and backfit-
ting, see Articles 6,14 and 18.

3.National requirements and regulations
for addressing this objective throughout
the lifetime of nuclear power plants

are to take into account the relevant IAEA
Safety Standards and, as appropriate,
other good practices as identified inter
aliain the Review Meetings of the CNS.
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Article 4, paragraph 1 of the NEA stipulates
that “Special care must be taken to prevent
the release of impermissible quantities of ra-
dioactive substancesandto protect humans
and the environment against impermissible
levels of radiation during normal operation
and accidents.” Article 5 of the NEA stipu-
lates “When designing, constructing and
operating nuclear installations, preventive
and protective measures must be taken in
accordance with internationally accepted
principles.” These measures include the use
of high-quality components, safety barriers,
multiple and automated safety systems, the
formation of a suitable organisation with
qualified personnel and the fostering of a
strong safety awareness.

Furthermore, Article 4 paragraph 3, letter a
of the NEA entails a dynamic requirement
stipulating that precautionary measures “are
required in accordance with experience and
the state of art in science and technology”.
Thestateoftheartinscience andtechnology
is essentially based on the safety standards
set by the IAEA. In addition, a so-called pre-
cautionary principle anchored in Article 4,
paragraph 3, letter b requires precautionary
measures throughout the lifetime of nuclear
power plantsthat “contribute towardsan ad-
ditional reduction of risk insofar as they are
appropriate” beyond the minimal require-
ments and the state of the artin science and
technology.

Consequently,internationally accepted prin-
ciples must be taken into account including
therequirementsfor new NPPs. The relevant
IAEA safety standards are being incorporat-
ed into the Swiss national requirements and
regulations through the above-mentioned
dynamic requirement, because the |IAEA
safety standards are essentially being used
to define the latest state of the art in science
and technology. Other good practices are
taken into account through the precaution-
ary principle.

Developments and Conclusion

The NEA requires the Swiss licence holders
to perform a PSR, in compliance with the
NEO, at least every10years,and to backfit the

installation to the necessary extent such that
it complies with operating experience and
the current state of backfitting technology.
According to Article 34, para. 4 of the NEO,
proof of safety for long-term operations must
be additionally submitted as part of the PSR
for the period following the fourth operating
decade. According to Article 12a of the NEA,
the granting of general licenses for the con-
struction of new nuclear power plantsis pro-
hibited.

Switzerland complies with the principles of
the Vienna Declaration on Nuclear Safety.
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Article 6 - Existing nuclear

installations

Each Contracting Party shall take the
appropriate steps to ensure that the

safety of nuclear installations existing at
the time the Convention entersinto force
for that Contracting Party is reviewed as
soon as possible. When necessary in the
context of this Convention, the Contract-
ing Party shall ensure that all reasonably
practicable improvements are made asa
matter of urgency to upgrade the safety

of the nuclear installation. If such upgrad-
ing cannot be achieved, plans should be
implemented to shut down the nuclear
installation as soon as practically possible.
The timing of the shutdown may take into
account the whole energy context and
possible alternatives as well as the social,
environmental and economic impact.

The general safety of Swiss NPPs was satis-
factory atthe timethe Convention cameinto
force. All NPPs are subject to PSRs at least
every 10 years; the safety of all NPPs has been
reliably established based on deterministic
and probabilistic assessments, operational
performance and aspects of safety culture.
PSRsarestipulated in Article 22, para. 2, letter
eofthe Nuclear Energy Act. The licence hold-
er shall “in the case of nuclear power plants,
carryoutacomprehensive periodic safety re-
view". The obligation of backfitting nuclear
installationsisstipulated in Article 22, para. 2,
letter g of the Nuclear Energy Act. The licence
holder shall “backfit the installation to the
necessary extentthatitisin keeping with op-
erating experience and the current state of
backfitting technology, and beyond insofar
as further upgrading is appropriate and re-
sultsin a further reduction of risk to humans
and the environment”. The Nuclear Energy
Act came into force in 2005. Nevertheless,
major backfitting projects have been imple-
mented since the eighties. The most impor-
tantare outlined below.

The first generation of NPPs in Switzerland
(Beznau and Muhleberg) started operation
between 1969 and 1972. At that time, the

Swiss Federal Nuclear Safety Commission

was responsible for the review and assess-

ment of applications for site, construction
and operating licences. It relied mainly on

US regulations and guidance dating from

the period asthetwo reactorscame fromthe

USA.

However, certain principles of nuclear safety

were not universally acknowledged at that

time and so no account was taken of them,
eg.

M separation criteria for electro-technical
and mechanical equipment as a way of
protecting an NPP from common cause
failuresresulting from fire or internal
flooding, for example;

M rigorous application of the single failure
criterion, including those relating to
supporting systemsin the event of a loss
of offsite power;

M protection of residual heat removal (RHR)
systems against external events
(e.g.aircraft crashes, earthquakes, floods,
lightning and sabotage);

B supplementary shutdown capability ina
remote area if the main control room has
been lost.

By 1980, the safety authorities had demand-
ed two major backfitting projects in order
to improve RHR systems in first generation
plants. These projects, which extended over
several years, were known as “NANO" for the
PWR twin-unit at Beznau NPP and “SUSAN"
forthe BWR at Muhleberg NPP. In addition, a
seismic requalification was carried outin the
late 1980s. This backfitting project consisted
primarily of adding one or two fully separate
shutdown and RHR systems, including sup-
port systems, which addressed the above
fourissues.

In addition to the NANO feedwater system,
an emergency feedwater system was in-
stalled in both Beznau units in the years
1999 and 2000. This was done to improve the
reliability and the capacity of the auxiliary
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Figure 2:

Aerial view of Beznau
NPP -Source Axpo
Power AG

feedwater system. In both Beznau units, im-

provements were also made to the reactor
protection system and the control systems
for separation, redundancy, self-supervision,
testability and reliability of power supply by
replacing the original systems with a state-
of-the-art computerised system in 2000 and
2001.1n 2015, a seismically robust emergency
diesel generator systemwasinstalled in both
Beznau units.

Extensive reviews were conducted at both
plantsfollowing the NANO and SUSAN back-
fitting projects. For the Muhleberg NPP, the
review was completed in 1992 and for the
Beznau NPP in 1994. Following this back-
fitting work, the two plants were granted
new operating licences. Extensive review of
these two NPPs was in the form of PSRs. For
the Muhleberg NPP, the assessments of the
PSRs were completed in 2002 and 2007, for
the Beznau NPP in 2004.

The review report on the long-term opera-
tion of Beznau NPP was published in 2010.
There are no fundamental reasons preclud-
ing long-term operation. Several require-
ments to be achieved in order to ensure safe
long-term operation of the plant were de-
fined. The second PSR for Beznau NPP was
submitted towardsthe end of 2012. ENSlI's re-
view report was published at the end of 2016.
In 2017 the Nuclear Energy Ordinance (NEQO)
was amended. If a NPP is to be operated for
more than 40 years, a proof of safety for long-
term operation has to be submitted as part

of the PSR. The most recent periodic safety
review (PSR) for Beznau NPP was submitted
towardsthe end of 2017 and ENSI's review re-
port was published in 2021 including further
long-term operation evaluation.

The most recent PSR for the MUhleberg NPP
was submitted towards the end of 2010 and
ENSI's review report was published in 2013.
In December 2012, ENSI published its review
report on the long-term operation of the
MUhleberg NPP. In 2013, the owner of the
Muhleberg NPP, BKW Energie Ltd., decid-
ed to shut down the plant at the end of 2019.
Provisions to increase the safety of the plant
duringtheremaining time of operation were
decreed by ENSI (see Article 18). Following
the decision to shut down the plant at the
end of 2019 the strategy for the long-term
operation of the MUhleberg NPP became
obsolete.

The second generation of NPPs in Switzer-
land started operation in 1979 (Gésgen) and
1984 (Leibstadt). They had a higher degree
of redundancy and their protection against
external events was significantly better than
that of the first-generation plants. Some fur-
ther improvements were introduced during
licensing and construction (in particular, in-
clusion of a special emergency heat removal
system at the Leibstadt NPP).

Currently the replacement of the analogue
control technology of the Gdsgen NPP by a
modern digital system isin progress. A signi-
ficant part of the old control technology has
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already been replaced. The actual end of the
project isscheduled for 2022. Further project
stages are being planned. Preparations for a
similar replacement of the control technol-
ogy of the Leibstadt NPP are under way. In
2018 the upgrade of the bunkered emergen-
cy systems of the Gosgen NPP started. The
objective of the backfitting is to cope with a
broader spectrum of external hazards.
Table 1 (see introduction) contains an over-
view of the main technical characteristics of
the Swiss NPPs.

Both second-generation plants have un-
dergone PSRs. For the Leibstadt plant, the
first review was performed in 1996 togeth-
er with a review of the 14.7 % power uprate
request for the utility. The second PSR for
Leibstadt NPP was submitted at the end of
2006 to ENSI, which published its review re-
port in August 2009. The third PSR was sub-
mitted at the end of 2016. The review report
was published in 2019. The first PSR for the
Gosgen plant was completed in 1999. The
second PSR for Gésgen NPP was submitted
to ENSlattheend of 2008. ENSI published its
corresponding review report in August 2012.
The third PSR was submitted at the end of
2018. The publication of the review report is
planned for 2023 including a long-term op-
eration evaluation.

IN 1993, all five plants were back-fitted with a
filtered containment venting system to mit-
igate the consequences of severe accidents
(e.g.failure of RHR systems).

After the Fukushima Accident, additional
safety reviews were performed. All Swiss nu-
clear power plants were required to backfit
two additional external feed options to re-
supply spent fuel pools with coolant. An ex-
ternal storage facility at Reitnau has been
in place since June 2011. It contains various
operational resources for emergencies that
can readily be called up. If transport by road
is not possible, air transport by helicopter
is possible. Mobile accident management
(AM) equipment stored on-site has been
significantly upgraded. For further informa-
tion on measures taken after the Fukushima
Accident, see Articles 16-19.

For further information on backfitting works,
see Articles14and18.

Decommissioning of Mihleberg
NPP

BKW Energy Ltd announced in late 2013 that
MuUhleberg NPP would be permanently shut
down at the end of 2019. The single 372 MWe
boiling water reactor began operation in
1972. Aside from the experimental plant at
Lucens, it is the first Swiss nuclear power
plant to be decommissioned.

On 18 December 2015, BKW submitted the
application documents to decommission
its NPP (the final decommissioning plan)
to the Federal Department of the Environ-
ment, Transport, Energy and Communica-
tion (DETEC). The application comprised the
main report detailing the decommissioning
project's conceptual framework and three
sub-reports: accident analyses and emer-
gency protection measures; the environ-
mental impact report and the security re-
port.

During the preparation for the decommis-
sioning of MUhleberg NPP, the Swiss Con-
federation established a cross-institution-
al monitoring group. All stakeholders are
member of this group: the Federal Office of
Energy, the Federal Office for the Environ-
ment, the Canton of Bern, ENSI and BKW.
There are three subgroups on technical as-
pects, legal procedure and communication.
In March 2015, June 2017 and September
2018 the communications subgroup organ-
ised six public events around the MUhleberg
NPP. In total more than 1500 people visited
these eventsand demonstrated alotofinter-
est in the decommissioning plan, the fund-
ing, the costs, the waste treatment and dis-
posal.

The requirements for the final decommis-
sioning plan are described in the Nuclear
Energy Act, the Nuclear Energy Ordinance
and in Guideline ENSI-G17. The decommis-
sioning Guideline ENSI-G17 complies with
the WENRA Safety Reference Levels and the
respective IAEA Safety Standards on decom-
missioning.



Article 6

The documents were reviewed by the au-
thorities. ENSI also wrote an advisory opin-
ion. Based on authorities’ advisory opinions,
DETEC issued the decommissioning order
that regulates the decommissioning pro-
cessinJune 2018, more than one year before
final shutdown. There were no complaints
against the order to the Federal Adminis-
trative Court. The decommissioning order is
legally binding.

Immediately after the shutdown on 20 De-
cember 2019, BKW Energy Ltd started dis-
mantling activities with spent fuel still on
site. The activities planned in the first two
years included the clearing of the turbine
floorandtheinstallation of decontamination
and waste treatment facilities as well as the
removal of the RPV internals. Nearly all de-
contamination and waste treatment facili-
tiesinthe turbine building could be installed
and logistics infrastructure was extended.
Due to transport route and logistics optimi-
sations,a new zone for free release measures
in the turbine building could be set up and
putinto operation.

Dismantling activities in the turbine and re-
actor building were intensified in 2021. The
focus of the dismantling work in the turbine
building is on the area of the condenser and
in dealing with conventional pollutants, the
main focus being asbestos remediation. In
the reactor building, the systems no longer
required for spent fuel elements were taken
out of service and successively dismantled.
In addition to other minor dismantling activ-
ities, the internals of the torus were removed.
The completion of the dismantling of the
torus itselfis planned for 2022.

After the preparatory assembly work for cut-
ting, packaging and removal of the RPV in-
ternals was completed, dismantling of the
steam dryer started. These activities had to
be stopped at the end of 2021 to expedite the
necessary preparatory work for the trans-
port of spent fuel to the Swiss central inter-
im storage in Wurenlingen (Zwilag). These
transports will be carried out over the next
twWo years.
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According to the plans of BKW, decommis-
sioning will be completed within 11 years, by
2030.

Developments and Conclusion
Backfitting required in response to technical
advancements, or as a result of the hazard
analysesofthe Fukushimaaccident hasbeen
tracked continuously in all NPPs. Where the
final shutdown of NPPs is concerned, ENSI
will not permit any safety compromises dur-
ing the final years of operation.

Switzerland complies with the obligations of
Article 6.

33



34

Article 7 - Legislative and regulatory

framework

Clause 1: Each Contracting Party shall

establish and maintain a legislative

and regulatory framework to govern

the safety of nuclear installations.

The legislative and regulatory framework in

Switzerland for the peaceful use of nuclear

energy, the safety of nuclearinstallationsand

radiological protection is based on a four-

level system:

B LevelT: Federal Constitution of the Swiss
Confederation;

M Level 2: Federal Acts;

H Level 3: Ordinances (issued by the Federal
Council or a federal department);

M Level 4: Regulatory guidelines.

Federal Constitution of the Swiss
Confederation (1stlevel)

Articles90 and 118 of the Federal Constitution
stipulate that legislation on nuclear energy
and on radiological protection are enacted
exclusively at the federal (national) level. As
a result, the authorities of the Confederation
have exclusive authority to establish legisla-
tion in the field of radiation protection and
on nuclear energy.

Federal Acts (2nd level)

The main legal provisions for authorisations

and regulation, supervision and inspection

are based on the following legislation:

B Nuclear Energy Act (2003);

W Radiological Protection Act (1991);

W Act on the Swiss Federal Nuclear Safety
Inspectorate ENSI (ENSI Act, 2007).

Nuclear Energy Acts

The Nuclear Energy Act regulates the peace-
fuluse of nuclear energy. It applies to nuclear
goods, nuclear installations, and radioactive
waste that is generated in nuclear installa-

tionsorthatissurrenderedto the federal col-

lection centre.

The most important provisions of the Nucle-
ar Energy Act are:

M basic principles of nuclear safety, includ-
ing the precautionary principle, the pro-
tection of people and the environment and
measures to prevent sabotage or the prolif-
eration of nuclear material. The provisions
prescribe the obligation to take preventive
and protective measuresin accordance with
internationally accepted principleswhen de-
signing, constructing and operating nuclear
installations;

M a2 licensing procedure describing author-
isations (licences) for the siting, construc-
tion (including design), operation (including
commissioning) and decommissioning of
nuclear installations;

M the general responsibilities of the licence
holder, including the responsibility for the
safety of the installation, the obligation on
NPPs to conduct systematic and periodic
safety reviews and to backfit installations to
the necessary extent that is in keeping with
operating experience and the current state
of backfitting technology, and beyond inso-
far as further upgrading is appropriate and
results in a further reduction of risk to hu-
mansand the environment;

M regulations on decommissioning and on
the disposal of radioactive waste, including
thelicence holder's obligation to decommis-
sion and dispose of waste at its own cost, and
special provisionsrelating to deep geological
repositories;

M the designation of ENSI as the regulatory
authority for nuclear safety and security;

M provisions regarding the authority and
powers of the regulatory authorities, in-
cluding the right to (i) access all relevant in-

5 The English translation of the Nuclear Energy Act is available on the website of the Swiss
Confederation (www.admin.ch/opc/en/classified-compilation/20010233/index.html).
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formation and documentation to perform
comprehensive assessments and carry out
effective controls, (ii) enter nuclear installa-
tionswithout prior notification,and (iii) order
the application of any measure necessary
and appropriate to maintain nuclear safety
and security;

M the funding of the regulatory authorities
by fees collected from the licence holders
and applicants;

B criminal sanctions.

Radiological Protection Acté

The Radiological Protection Act has a com-

prehensive scope: It applies to all activities,

installations, events and situations that may
involve an ionising radiation hazard. It in-
cludesthe following:

B fundamental principles of radiation
protection (justification and limitation
of exposure, dose limits);

M licensing obligation for the handling
(including use, storage, transport,
disposal, import, export) of radioactive
substances;

B protection for personswho are occupa-
tionally exposed to radiation and for
the general population;

B permanent monitoring of the environ-
ment;

H protection of the populationinthe event
of increased radioactivity (emergency
response organisation and emergency
measures).

ENSI Act

The Act on the Swiss Federal Nuclear Safety
Inspectorate ENSI came into force on 1Jan-
uary 2009, when ENSI was separated from
SFOE, in order to comply with the interna-
tional requirement of independence. ENSI
was founded as a new organisation, taking
over the staff and responsibilities of its pre-
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decessor, which had been part of SFOE (see
Article 8 [2]). The ENSI Act asks ENSI to im-
plement a system of quality control and sets
an obligation for ENSI to check the quality of
its task fulfilment and services periodically
by external parties and to ensure long-term
quality assurance. In this context the Ordi-
nance on the Swiss Federal Nuclear Safety
Inspectorate from 2008 prescribes that ENSI
subjects itself periodically to a review by ex-
ternal experts with regard to its compliance
withtherequirementsofthe Nuclear Energy
Agency (IAEA).

Ordinances (3" level)

All significant provisions that establish bind-

ing legal rules must be enacted in the form of

afederalact. Ordinances require a legal basis
in afederal act, although this basis may be of
arathergeneral nature.

In the field of nuclear energy and radiation

protection, there are a number of highly

relevant federal ordinances issued by the

Federal Council or a Department (Ministry).

The mostimportant ones are the following:

B Nuclear Energy Ordinance’;

M Radiological Protection Ordinance @
(revised in 2017);

B Ordinance on Safety-Classified Vessels
and Piping in Nuclear Installations;

B Ordinance on the Qualifications of
Personnelin Nuclear Installations;

B Ordinance on the Hazard Assumptions
and the Assessment of Protection against
Accidentsin Nuclear Installations;

B Ordinance on the Methodology and
Boundary Conditions for the Evaluation
of the Criteria for the Provisional Taking-
out-of-Service of Nuclear Power Plants;

B Ordinance onthe Federal Nuclear Safety
Commission;

B Ordinance on the Swiss Federal Nuclear
Safety Inspectorate;

¢ The English translation of the Radiological Protection Act is available on the website of the
Swiss Confederation (www.admin.ch/opc/en/classified-compilation/19910045/index.html).

7 The English translation of the Nuclear Energy Ordinance is available on the website of the Swiss
Confederation (https://www.fedlex.admin.ch/eli/cc/2005/68/en).

8 The English translation of the Radiological Protection Ordinance is available on the website of
the Swiss Confederation (www.admin.ch/opc/en/classified-compilation/20163016/index.html).
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B Several ordinances on emergency prepar-
edness, emergency organisation, iodine
prophylactics, alerts to the authorities
and public, etc. (see Article 16);

M Several ordinances on security issues
that are not the subject of thisreport, e.g.
security guards, trustworthiness checks
foremployees, protection of informa-
tion or thread assumptions and security
measures for nuclear installationsand

nuclear materials.

Regulatory guidelines (4t level)

ENSI either issues guidelines in its capacity
as a regulatory authority or based on an ex-
plicit delegation in an ordinance. Most of the
delegationstoissue guidelines can be found
in the Nuclear Energy Ordinance and in the
Radiological Protection Ordinance. Guide-
lines are support documents that formalise
the implementation of legal requirements
and facilitate uniformity of implementation
practices. They also embody the state-of-
the-art in science and technology. Whereas
acts and ordinances have legal force, guide-
lines are semi-mandatory. ENSI may allow
deviations from the guidelines in individual
cases provided that the suggested solution
ensuresatleastan equivalentlevel of nuclear

safety or security.

International Conventions
Switzerland hasratified variousinternational
conventions, in particular the following:
B Convention on Nuclear Safety;
M Joint Convention on the Safety of Spent
Fuel Managementand on the Safety
of Radioactive Waste Management;
B Convention on Early Notification ofa
Nuclear Accident;
H Convention on Assistance in the Case
of a Nuclear Accident or Radiological
Emergency.
In addition there are various bilateral agree-
ments that Switzerland has agreed upon
with different countries, including all neigh-

bouring countries.

Clause 2(i): The legislative and regulatory
framework shall provide for the establish-
ment of applicable national safety require-
ments and regulations.

National requirements

Safety requirements and regulations are

specified in acts, ordinances and regulatory

guidelines. After the Nuclear Energy Act and

the Nuclear Energy Ordinance entered into

force in February 2005, ENSI started a spe-

cial project toensure that its guidelines were

complete. The guidelines were divided into

three categories based on the classification

introduced by ENSI for its oversight activities,

which distinguishes between assessments

of facilities and monitoring of operations:

M Series A: Guidelines covering the assess-
ment of facilities;

M Series B: Guidelines covering the surveil-
lance of operations;

M Series G: Guidelines with general require-
ments (covering both the assessment of
facilitiesand surveillance of operations).

Inthis process, ENSlwas able toidentify gaps
in former regulations, especially in its own
guidelines. Consistency and comprehen-
siveness are characteristic features of the
ENSI guideline system.

Appendix 2 contains a list of the regulatory
guidelines currently in force. The status of
the guidelinesisavailable on ENSI's website.?
With respect to regulatory guidelines, ENSI
has established a Committee for Regula-
tory Basis which meets monthly to exam-
ine and survey the guidelines, and review
draft guidelines to ensure their consisten-
cy with the regulatory framework and the
accuracy of the content. The specification
of a guideline lists all relevant IAEA safety
requirements and guides as well as the rel-
evant WENRA Safety Reference Levels. Once
the draft guideline including the explana-
tory report has undergone an internal hear-
ing, it is subject to an external consultation
round. All interested parties, to which be-

° https://www.ensi.ch/en/documents/document-category/guidelines/
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long all existing nuclear facilities, the Federal
Offices of Energy and of Public Health, Fed-
eral Commissions, the Swiss cantons, as well
as non-governmental organisations, may
submit commments. The comments are care-
fully evaluated, and the corresponding ENSI
decisions are documented in a “public con-
sultation report”. Cornments not considered
in the final version of the guideline must be
justified. The final draft is closely examined
by the Committee for the Regulatory Ba-
sis. Finally, the guideline is put into effect by
ENSI's Director.

When it becomes apparent that some as-
pectsofaguidelinenolongerreflectthestate
of the art or the underlying legislation, ENSI
initiates a revision of the guideline. Moreover,
the Committee for Regulatory Basis system-
atically reviews the guidelines on a regular
basis, at least every ten years. However, most
guidelines are reviewed earlier.

International harmonisation

In addition to the IAEA and the OECD Nucle-
ar Energy Agency, WENRA is a major driving
force in efforts to harmonise nuclear safety
requirements at the European level. Switzer-
land was one of the founding members and
held the chair of WENRA from 2011 to 2019.
WENRA provides regulatory authorities with
a single forum at which they can share their
years of experience in regulating a range of
nuclear facilitiesaswell asin elaborating and
implementing standards. Based on this ex-
pertise, so-called Safety Reference Levels
(SRLs), which are based on the IAEA safety
standards, are issued. Asa WENRA member,
Switzerland has committed itself to adopt
and incorporate the SRLs into its national
legal and regulatory framework. The imple-
mentation is monitored by the correspond-
ing WENRA working group.

ENSI participates in the two standing
WENRA working groups: “Reactor Harmoni-
sation Working Group” and “Working Group
on Waste and Decommissioning”, as well as
various ad-hoc groups and task forces. The
Swiss self-assessment in the area of “Reactor
Harmonisation” identified a number of SRLs

to be incorporated into the Swiss regulato-
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ry framework. The corresponding WENRA
peer-review showed that implementation
in Switzerland is well under way. Currently,
97 % of the reactor SRLs are already imple-
mented in the Swiss regulations. All WENRA
SRLs for spent fuel and waste storage as well
as for decommissioning areimplementedin
the Swiss regulatory framework. The latest
published Safety Reference Levels Report
about Radioactive Waste Treatment and
Conditioning still needs to be assessed. The
Swissassessment of this newer WENRASRLs
is scheduled for the coming months. Given
the recent revision and publication of sev-
eral safety guidelines in this field (ENSI-B17,
ENSI-GO5 and ENSI-G23); a high degree of
complianceisto be expected.
ENSI participates in all IAEA Safety Stand-
ard Committees, the Commission on Safety
Standards and the Nuclear Security Guid-
ance Committee to promote high interna-
tional standards in nuclear safety and se-
curity. On the other hand, ENSI harmonises
its guidelines with IAEA Safety Standards.
Therefore, when issuing a new guideline
or revising an existing one, ENSI analyses
the IAEA Safety Fundamentals and Safety
Requirements relevant to the topic of the
guideline. Every guideline is accompanied
by an explanatory report. This report shows
alsoforeach IAEA Safety Requirement where
in the Swiss legislation or ENSI's guidelines it
isimplemented.

In addition, ENSI has committed itself to

implementing all SRLs issued by WENRA. In

the explanatory reports, it is shown for each
guideline if and how each safety reference
levelisimplemented.

In 2015, ENSI published its Regulatory

Framework Strategy consisting of five guid-

ing principles:

1. ENSI's regulatory framework is harmo-
nised with the relevant international re-
guirements and iscomprehensive.

2. ENSI's regulatory framework is based on
existing, tried-and-tested regulations, in-
sofar as they are suitable for application
withinits supervisory scope.

3. ENSlissuesitsown guidelinesonly when it
is necessary todo so.
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4. ENSI's guidelines are drawn up transpar-
ently, with the involvement of all stake-
holders.

5. The level of detail of ENSI's regulatory
framework is based on the hazard poten-
tialand therisk.

Clause (2) (ii): The legislative and regulatory
framework shall provide for a system of li-
censing with regard to nuclear installations
and the prohibition of the operation of a
nuclear installation without a licence.

The system of licensing results from the
Nuclear Energy Act and the Radiological
Protection Act described above in Clause (1)
of this Article. The complex licensing pro-
cedures affect the responsibilities of many
authorities. An important instrument for
coordination is the so-called “concentrated
decision procedure” the authority whose
responsibility is primarily affected acts as
a “lead authority” and decides on all rel-
evant aspects. The other authorities that
could claim jurisdiction refrain from taking
their own decisions. Instead, their opinions
are submitted for consideration to the lead
authority.

In Switzerland, three main types of licences
exist:

B generallicence;

B construction licence;

M operating licence.

With the exception of the general licence,
every licensing decision can be challenged
in court. Constructing or operating a nucle-
ar installation without a licence is a criminal

offence according tothe Nuclear Energy Act.

Licensing procedure

The general licence is required for the sit-
ing of a nuclear facility and defines the site,
the purpose and the essential features of the
planned facility,and the maximum permissi-
ble radiation dose to the public due tothe fa-
cility. The licence also specifies a time frame
within which thelicence holder must submit
an application for a construction licence.
The application must contain detailed in-
formation on the site characteristics, pur-
pose and outline of the project, the expected

radiation exposure in the plant’s surround-
ings, important information on organisation
and personnel, an environmental impact
report, a report on compliance with spatial
planning requirements and a concept for
decommissioning or, in the case of deep ge-
ological repositories, for the monitoring peri-
od and closure.

The process of granting a general licence
starts with the review and assessment of the
application by ENSI. The result of the regula-
tory review and assessment is documented
in a Safety Evaluation Report (SER). ENSImay
suggest licence conditions. The SER may
then be evaluated by the Federal Nuclear
Safety Commission NSC.

As the licensing process affects the respon-
sibilities of other federal authorities as well
as cantons and neighbouring countries,
the concentrated decision procedure set
out above applies. The opinions of the oth-
er authorities must be included, especially
of those responsible for environmental pro-
tectionandlanduse, planning and construc-
tion. The application and the corresponding
reviews by the federal and cantonal authori-
ties are published as official documents and
are subject to a three-month-consultation
period during which everyone can raise ob-
jections. The process ends with a decision of
the Federal Council, which must be ratified
by parliament. Eventually, the decision may
be subject to a nationwide popular vote, a so-
called (optional) referendum.

The construction licence specifies the li-
cence holder, the location of the installation,
the planned reactorthermal power output or
the capacity of the installation, the main ele-
ments of technical implementation, a brief
outline of emergency protection measures
and especially a list identifying all structures,
systems and components of the installation
that may only be constructed or installed af-
ter a permit has been issued by the relevant
regulatory authority (namely ENSI). Further
conditions may be attached to the licence as
proposed by the competent authorities (e.g.
by ENSI). The licence also specifies a time
frame within which the licence holder must
start with the construction works.
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The application for a construction licence
must contain a Safety Analysis Report (SAR),
an environmental impact report, a report on
compliance with spatial planning require-
ments, a quality management programme
for the planning and construction phase, an
emergency preparedness conceptand a de-
commissioning plan or, in the case of deep
geological repositories, a plan for the mon-
itoring period and a plan for the closure of
the installation. It must include a report on
compliance of the project with the general
licence conditions.

The concentrated decision procedure again
applies. As with the review of the application
for a general licence, several Federal offices
are involved in evaluating those issues relat-
ed to their specific responsibilities. With the
exception of the environmental impact and
spatial planning, the ENSI Safety Evaluation
Report for a construction licence application
coversall areas mentioned above.

The licensing process also involves the can-
ton where the facility is to be constructed
and the public. The application and the as-
sessment reports are made publicand those
entitled may file an objection. The construc-
tion licence is drafted by SFOE and eventual-
ly issued by DETEC.

The operating licence specifies the licence
holder, the permitted reactor thermal pow-
er output or capacity of the facility, the lim-
its for release of radioactive substances into
the environment, the measures for environ-
mental surveillance, the safety, security, and
emergency measures to be taken by the
licence holder during operation of the instal-
lation and the start-up levels that require a
permit from the relevant regulatory authori-
ty (hamely ENSI) prior to commmencement of
operation of the installation. Further condi-
tions may be attached to the licence as pro-
posed by the competent authorities (e.g. by
ENSI).

The application for a construction licence
must contain the Final Safety Analysis Re-
port, technical documentation necessary
for operation (as defined in Annex 3 of the
Nuclear Energy Ordinance), and evidence of

insurance cover. It must include a report on
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compliance of the project with the general
and construction licence conditions.

With the exception of the insurance cover,
the ENSI Safety Evaluation Report for an op-
erating licence application addresses all are-
as mentioned above.

The procedure for granting an operating
licenceisessentiallythe same asforgranting
a construction licence.

The owner of a nuclear installation is obliged
to decommission the installation if it has
been definitively taken out of operation or if
the operating licence has not been granted,
withdrawn, or expired. The decommission-
ing order is based on the owner's decom-
missioning project, which must describe the
various project phases and overall timetable,
each step in the process of dismantling and
demolition, protective measures, personnel
requirements and organisation, the man-
agement of radioactive waste and the over-
all costs, measures taken by the operator to
secure the necessary financing. It must also
contain an environmental impact report.
DETEC issues the decommissioning order.
The procedure is essentially the same as for
granting a construction licence. After the
decommissioning activities have been com-
pleted in accordance with the applicable
regulations, the Department verifiesthat the
installation no longer represents a radiolog-
ical risk and is thus no longer subject to the
provisions of nuclear energy legislation.

To control the conditions of the licence and
the decommissioning order, a “permit pro-
cedure” has been instituted. The permits
granted by the regulatory authorities as part
of a valid licence and the decommission-
ing order are defined in the Nuclear Energy
Ordinance or inthe licence, and the decom-
missioning order respectively. They include
selected elements of the construction work,
the manufacture of important components,
assembly and wiring on site, sets of commis-
sioning tests as well as any safety-relevant
changestotheinstallation during operation,
and the decommissioning itself. Therefore,
this permit procedure can be considered as
an enforcement tool (see Clause 2(iv) of this
Article).
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Clause (2)(iii): The legislative and regulatory
framework shall provide for a system of
regulatory inspection and assessment of
nuclear installations to ascertain compli-
ance with applicable regulationsand the
terms of licences.

The legal basis for inspections by ENSl is pro-
vided in the Nuclear Energy Act. It grants
ENSI aright of accessto all relevant informa-
tion and documentation, including docu-
mentation located in the offices of supplier
companies, to perform comprehensive as-
sessments and carry out effective controls,
to enter nuclear installations without prior
notification, and to order the application of
any measure necessary and appropriate to
maintain nuclear safety and security.
Theaimofregulatoryinspectionsistoensure
that the licence holder complies with its pri-
mary responsibility for safety. ENSI, with the
help of experts working on its behalf, reviews
the licence holder's programmes and inde-
pendently assesses the performance of the
licence holder by (i) observing specific activ-
ities, and by (ii) carrying out its own inspec-
tionsand taking its own measurements.

Clause 2(iv): The legislative and regulatory
framework shall provide for the enforce-
ment of applicable regulations and of the
terms of the licences, including suspen-
sion, modification or revocation.
Thelicensing and regulatoryauthorities have
enforcement powers based on the Nuclear
Energy Act. They can orderany measure nec-
essary to protect persons, property and other
important rights, to safeguard Switzerland's
national security, to ensure compliance with
its international commitments and check
that measures have been implemented.

In terms of licences, the licensing authori-
ties (Federal Council; DETEC) will not grant a
licence (general licence, licence for construc-
tion, commissioning, operation, modifica-
tion of NPPs) or a decommissioning order
unless the legal requirements are met. The
licensing authority shall withdraw a licence if
the prerequisites for grantingitare notor are
no longer met or if the licence holder fails to
comply with a condition or ordered measure

despite having been reminded to do so. The
withdrawal of a general licence alsoresultsin
thewithdrawal of the construction and oper-
ating licences. ENSI has the authority to sus-
pend or withdraw permits.

The regulatory authorities order neces-
sary and reasonable measures to maintain
nuclear safety and security. The Nuclear En-
ergy Act provides provisions for the special
case of an immediate threat. An immediate
threat is defined as an objective situation
that, if not hindered in its evolution, could
with high probability lead to damage. In the
event of an immediate threat, ENSI may im-
poseimmediate measuresthat deviatefrom
the issued licence or an order. In particular,
ENSI may order an immediate plant shut-
down and allowrestartonlywhenthelicence
holder has implemented the necessary cor-
rective actions. If necessary, the regulatory
authorities may seize nuclear goods or ra-
dioactive waste, eliminate potential threats,
and charge the cost to the owner. They may
seek intervention by cantonal and local po-
liceforces, including the investigating arm of
the customs authorities. If the provisions of
the Act are breached, the regulatory author-
ities may call in the relevant federal police
authority. The Federal Council may order the
precautionary shutdown of a nuclear power
plantifan extraordinary situation exists.

Stakeholder consultation

Stakeholder consultation is an important
instrument in the Swiss legislative process,
in the decision-making process with regard
to the granting of licences for nuclear in-
stallations and in the procedure for issuing
guidelines. In the Swiss legislative process,
the relevant stakeholders are consulted be-
fore the law is presented to parliament for
approval or, in the case of an ordinance, to
the Federal Council. With regard to licensing
processes (general,construction and operat-
ing licenses) stakeholder consultations have
to be carried out by the authority preparing
the decision. In the guideline issuing proce-
dure, the draft guideline and the guideline'’s
explanatory report are subject to an internal
hearing and an external consultation round.
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Stakeholder consultation provides transpar-
ency and can lead to more appropriate and
balanced solutions.

Developments and Conclusion

The Nuclear Energy Act and the Nuclear
Energy Ordinance came into force in 2005
and are well established. New ordinances
and guidelines issued by ENSI have been
introduced. Since coming into force, the
Nuclear Energy Act as well as the Nuclear
Energy Ordinance have been subject to spe-
cificchanges. Sotoo have some of the guide-
lines.

Switzerland complies with the obligations of
Article 7.
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Article 8 - Regulatory body

Clause 1: Each Contracting Party shall
establish or designate a regulatory body
entrusted with the implementation of
the legislative and regulatory framework
referred to in Article 7,and provided with
adequate authority, competence and
financial and human resources to fulfil its
assigned responsibilities.

Establishment of the Regulatory
Body

Licensing

The Federal Council is the authority that
grants general licences. The Department
of the Environment, Transport, Energy and
Communications grants construction li-
cences and operating licences for nuclear
facilities (see Article 7). For the three kinds
of licences mentioned, SFOE is responsible
for the co-ordination of the application pro-
cedure. In addition, SFOE issues licences for
the handling of nuclear materials and radio-
active waste.

Oversight

ENSI is the regulatory authority for nuclear
safety including radiological protection and
nuclear security.

Its responsibilities and duties are as follows:
M to establish safety and security criteriaand
requirements that reflect operating experi-
ence and the state of the art of science and
technology;

M to prepare safety and security review re-
ports (SER) to support decisions by the li-
censing authority;

M to monitor compliance with regulations
including inspections and reports and to re-
quest documentation on aspects of nuclear
safety, nuclear security and radiological pro-
tection;

H to grant, suspend or withdraw permits;

M to order the application of measures nec-
essary and appropriate to maintain nuclear
safety and security, including the precau-
tionary and active protection of personnel

in NPPs, the public and the environment
against radiation hazards;

M to ensure on-site and off-site emergency
planning and the dissemination of appropri-
ate information in an emergency according
toArticle16.

Advisory committee

The federal Nuclear Safety Commission NSC
is designated as an advisory committee to
the Federal Counciland DETEC. It isinvolved
in the licensing process as it reviews and
commentsonthe SER prepared by theregu-
latory authorities.

The NSC consists of five to nine part-time
members, supported by a secretariat with
three employees representing 2.5 full-time
equivalents and, if necessary, temporarily
supplemented by external experts in specif-
ic disciplines. NSC members are appointed
by the Federal Council on a personal basis.
Members have a broad range of expertise
including most, if not all, of the disciplines
relating to reactor safety, radiation protec-
tion, emergency preparedness, waste man-
agement, human and organisational factors,
and transport safety.

The NSC focuses on fundamental aspects
of nuclear safety and suggests necessary
measures. The responsibilities of the NSC
are defined in the Ordinance on the Feder-
al Nuclear Safety Commission and include,
amongst others, the following:

B The NSC comments on new legislation
or amendments and the development of
regulations relating to nuclear safety. The
Commission may recommend additions or
amendments to regulations.

B The NSC may recommend measures to
improve the safety of nuclear installations.

B The NSC may issue statements of position
on expert opinions regarding the general
licence, construction licence, operating li-
cence and decommissioning order.

B The NSC may suggest research projectsin
thefield of nuclear safety.
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Others

The authorities listed below have responsibil-
ities associated with the operation of NPPs.
However, they are not involved in the licens-
ing process and have no authority over the
plants:

B the National Emergency Operations
Centre (NEOC) - part of the Federal Office
of Civil Protection (FOCP) in the Federal De-
partment of Defence, Civil Protection and
Sports — in charge of all emergency situa-
tions, including those arising from events at
NPPs and relating to the protection of the
publicand the environment;

M the Division of Radiological Protection at
the Federal Office of Public Health (FOPH) in
the Federal Department of Home Affairs—in
charge of the radiological monitoring of the
environment;

Ml the Supervision and Safety Division (ASI)
of the SFOE is responsible for the national
accounting and control system for nuclear
materials as well as other regulatory activi-
ty incumbent on Switzerland from bilateral
and multilateral agreements relevant to the
non-proliferation of nuclear weapons, con-
trol of exports of nuclear goods and the nu-
clear fuel cycle

M several advisory committees to the gov-
ernment or government departments cov-
ering aspects of radiological protection,
emergency planning and waste disposal.

Organisation of the Regulatory
Body

Costs incurred by the safety authorities (with
exception of the legal framework and infor-
mation to the public) totalling some 63 mil-
lion Swiss Francs per year, are mainly cov-
ered by fees from licence holders. Nuclear
safety research promoted and endorsed by
the regulatory body has a budget of about
5.8 million Swiss Francs: some 2 million Swiss
Francs come from public funds and 3.8 mil-
lion Swiss Francs come from NPPs.

ENSlis a stand-alone organisation (separate
from the SFOE) controlled by its own man-
agement board (ENSI board) and with its
own budget. This gives ENSI complete flex-
ibility over budget decisions and independ-
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ence when recruiting personnel. The ENSI
Board does not take the regulatory decisions,
nor does it have the legal authority to over-
turn regulatory decisions that ENSI's Execu-
tive Management has taken. The ENSI Board
consists of the members elected by the
Federal Council (Swiss Government). ENSI
is managed by ENSI's Executive Manage-
ment, which iscomposed of seven members
(two of whom attend the board’'s meeting in
an advisory capacity). Each of the members
manages a division.

ENSI currently has a staff of 153 specialists
covering the following fields:

B Directorate D: Director General, assistant,
senior advisor (3)

Ml Division K (Nuclear Power Plants): over-
sight of nuclear power plants, including de-
commissioning and dismantling aspects
[reactor safety, site inspection (36);

H Division S (Radiation Protection): occu-
pational radiation protection, accident con-
sequences and emergency preparedness,
radiation measurement, nuclear and cyber
security (29);

H Division E (Waste Management): deep
geological repository sectoral plan, waste
management and transport safety (20);

M Division A (Safety Analyses): probabilistic
and deterministic safety analyses, accident
management, safety of the reactor core and
human and organisational factors (27);

M Division DS (Staff of the Directorate): sup-
port of the Director General and the Execu-
tive Management, communications, reg-
ulatory framework, legal and international
affairsand information security (16)

M Division R (Resources): human resources,
IT and infrastructure, finances and back of-
fice (22).

The numberofemployees has been constant
over the past few years. In March 2022, ENSI
had 153 employeesrepresenting 141 FTE.

While the additional workload caused by the
accidentin Fukushima has decreased signif-
icantly, the public interest in the work of the
ENSI has grown. Since 2011, legal affairs have
become more and more important as sever-
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Figure 3: ENSI Organisational Chart March 2022 - Source ENSI
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Dr. Marc Kenzelmann*
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Dr.Meinert Rahn
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Dr.Sandra Dugan

Disposal & Analyses
Dr. Ann-Kathrin Leuz

Site Insp. & Decommis-
sioning
Dr. Torsten Krietsch

System Engineering
Dr.Jurren Fokken

* Members of the executive board

al stakeholders have appealed against deci-
sions made by ENSI. Other areas of growing
importance are information security and
sustaining the level of competencies needed
by staffin the future.

To maintain the necessary amount of staff
and competencies needed in future years,
several projects and instruments have been
launched andimplemented based on ENSI's
Human Resources Strategy. These include
measures in the fields of recruiting, educa-
tion and training, resource and succession
planning, employer branding, terms of em-
ployment and workplace-health-manage-

ment.

Independent consultantsare commissioned
to advise ENSI in special technical areas (e.g.
civil engineering). The Swiss Association for
Technical Inspections, an independent pri-
vate company, is responsible for monitoring
the manufacture, repair, replacement, mod-

Deterministic Analyses
Dr.Thomas Wintterle

Occupational Radiation
Protection

Human & Organizat'l Dr.Giuseppe Andrea Testa

Factors

Friedrich Meynen
PSA & Accident
Management
Dr.Gerhard Schoen

Nuclear & Cyber Security
Dr. Bernard Stauffer

Accident Conseq. & Emerg.
Prep.
Dr. Ronald Rusch

Radiation Measurement
Dr.Joachim Léhle

Reactor Core
Dr. Andreas Gorzel

ification and in-service inspection of pres-
sure-boundary components.

Quality management

ENSI uses a process-oriented Management
System, which was awarded ISO 9001 certifi-
cation (quality management) in December
2001 and ISO 14001 certification (environ-
mental management) in November 2007.
The current certificate for ISO 9001 is valid
until December 2022. Taking into consider-
ationthe costsand benefits, the certification
of the environmental management system
was abandonedin 2017. For the same reason,
the project to obtain an ISO 45001 certifica-
tion (health & safety management) was sus-
pended. The laboratory for radiation meas-
urement has been accredited in accordance
with ISO 17025 since 2005, ENSI was accred-
ited as an inspection body according to
I1SO 17020 in 2015.
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The Management System is applied to all
relevant activities and includes ENSI's safe-
ty, quality and environmental policies as well
as the performance agreement between
the ENSI board and ENSI. The performance
agreement includes strategic and opera-
tional objectives as well as a budget allow-
ance for ENSI for one year. All system doc-
uments can be accessed quickly by all staff
members using user-friendly IT tools.

The Management System is subject to
continuous improvement ranging from
self-evaluation to internal audits, manage-
ment reviews, evaluation of performance in-
dicators and routine checks by the certifica-
tionagency.

H Internal audits: ISO 9001 requires that an
institution conducts an audit of its activities
at appropriate intervals to verify that opera-
tions still comply with the requirements of
the quality system. A team of around 13 staff
members, assigned to this function and
trained as quality auditors carries out the in-
ternal audits based on an annual audit plan.
All processes are subject to an internal audit
at least once every three to five years.

B Management review: this is carried out
yearly by senior management at ENSIin or-
der to assess the quality of staff performance
(e.g. by appraising performance indicators)
and to reflect changes that have occurred
(or are expected to occur) in the organisa-
tion, risks, staffing, procedures, activitiesand
workload. Senior management is also re-
sponsible for ensuring the implementation
within a specified period of actionsidentified
by an internal audit, surveillance or reassess-
ment visit by IRRS or the certification body
together with complaints from customers
and internal suggestions for improvements.
This processis supported and managed by a
sophisticated but user-friendly IT tool.

B Performance indicators: performance in-
dicatorsare defined for each process, includ-
ing the indicators contained in the perfor-
mance mandate. The results are evaluated
by the owners of the process and reviewed
in conjunction with the management review
mentioned above.
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M External audits: in 2021, an IRRS mission
was carried out in Switzerland. The mission
showed that ENSI's quality management is
effective. At the same time, it also revealed
potential for improvement. In addition, the
annual supervisory and renewal audits re-
quired for the ISO 9001 certification were car-
ried out by the certification company SQS,
the accreditation audits for 1ISO 17020 and
17025, and the annual financial audits were
carried out by KPMG. Periodic external au-
dits, including IAEA missions, are required by
the ENSI Act and the ENSI Ordinance.

These mechanisms and measures provide
the means for continuous assessment and
opportunities for improvements to the Man-
agement System. They also facilitate the in-
troduction of the New Public Management
Elements and generally strengthen ENSI's
regulatory effectiveness.

Knowledge management

and training

Some activities related to knowledge man-
agement and training measures are inte-
grated in ENSI's Management System. ENSI
has launched several new projects relating
to human resources management. The pro-
jects concern several topics including Com-
petence & Performance Management, Em-
ployer Branding, Personnel Development
and training, Workplace-Health-Manage-
ment, modernisation of the terms of em-
ployment and digitalisation of HR-work-
flows, and, based on the current schedule,
will be completed by the autumn of 2023:
ENSI has increased its involvement and par-
ticipation in nuclear safety assistance pro-
grammes at many levels. This includes par-
ticipation in international working groups
and IAEA services, such as the IRRS and
OSART missions, staff exchanges with for-
eign regulators and inspection workshops in
other countries. There is also close collabora-
tion with the Swiss Federal Institute of Tech-
nology (ETH).
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2019 plople] 2021 2022 2023

Basics
Competence- &
Performance mgt.

B Objective agreement and performance reviews
M Talent Management
W Succession planning

System integration

Employer Branding

Personnel Development Concept (PD)
—)  |Mplementation of PD measures

Workplace-Health-Management (WHM)

Terms of employment

B Revision of Personnel Regulations

> MW Revision of Regulations on Working Time

Organisation HR
—)  Revising HR-Processes / Digitization

Co-operation with neighbouring
countries

Switzerland has concluded agreements on
the bilateral exchange of information on nu-
clear safety and radiation protection issues
with its counterparts in many countries, in
particular with its neighbours Germany and
France. As a minimum, the agreements in-
clude early notification of nuclear accidents
or extraordinary radiological situations. Col-
laboration with France, Germany, Italy and
Austria also includes standing bi-national
committees.

The German-Swiss and French-Swiss com-
mittees are the most comprehensive be-
cause both these countries have sizeable
nuclear power programmes. They go well
beyond early notification and include the
exchange of information on all relevant as-
pects of nuclear safety and radiation protec-
tion. Each has at least one permanent tech-
nical working group that meets at least once
a year. Collaboration with France includes
inspections of nuclear installations in both
countries conducted jointly by members of
the French and Swiss safety authorities. Both
German-Swiss and French-Swiss commis-
sions have proved instrumental in harmo-
nising and coordinating trans-border emer-

gency management.

P |Tassisted solutions

Openness and transparency

of oversight activities

Acting in the politically sensitive field of
nuclear energy, ENSI is constantly under
the scrutiny of the media, the public and
non-governmental organisations (NGOs).
Therefore, ENSI has a vital interest in main-
taining its independent status (see clause 2)
andinresisting any undueinterference from
third parties.

After the accident in Fukushima, ENSI cre-
ated a section responsible for coommunica-
tion. The six staff members are responsible
for the strategic planning of the direction of
communication and the organisation and
implementation of the commmunication ac-
tivities and work closely with the ENSI Exec-
utive Board and, to a lesser degree, with the
ENSI-Board.

Under the Nuclear Energy Act (Article 74),
ENSI “shall regularly inform the public of any
special occurrences”. In addition to which,
ENSlisobliged to respond to questions from
parliament on nuclear safety and the work
of the regulatory body. As a federal authori-
ty, ENSlis subject to the Federal Act on Free-
dom of Information. All ENSI documents
generated after 1 July 2006 are made pub-
lic with a few exceptions relating to security,
personal data or proprietary information.
The information services of ENSI go well be-
yond these legal requirements. ENSI's web-

Figure 4:

ENSI Key Aspects of
Human Resources
Strategy and Person-
nel Development -
Source ENSI
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sitewww.ensi.chisanimportantinformation
tool covering all aspects of nuclear safety in
Switzerland in the national languages Ger-
man and French, and, to a lesser degree, in
Italian and English. ENSI regularly publishes
information on its website about incidents
and overhauls at nuclear power plants, pro-
jectsand events, updates to the regulations,
research activities, and the disposal of radio-
active waste. A weekly newsletter highlights
the latest website articles. Background series
provide an in-depth insight into ENSI's activ-
ities. For example, several series have already
been published on the topicsof “Tenyearson
from Fukushima” and the nuclear accident
in Chernobyl. The website contributions are
accompanied by parallel posts on social me-
dia platforms, namely Twitter and LinkedIn.
In addition toissuing technical publications,
ENSI also publishes four annual reports: the
Regulatory Oversight Report, the Research
and Operating experience Report, the Ra-
diation Protection Report and the Business
Report of the ENSI Board.

ENSI informed the public about the IRRS
mission 2021 and its findings. The report will
be published on ENSI'swebsite by the end of
April 2022.

Other communication activities include
responses to questions from NGOs and in-
dividuals as well as participation in public
hearings, symposia and panel discussions
on nuclear safety. ENSI regularly organis-
es meetings with its stakeholders irrespec-
tive of their stance on nuclear energy. Media
activities include press releases and inter-
views on nuclear safety issues that are the
subject of current media discussion, and
background discussions with journalists. In
addition to this, the ENSI Communication
Section participates as part of the core team
in the ENSI Emergency Organisation that is
integrated into the national emergency or-
ganisation.

In 2016, a crisis commmunication concept and
handbook were developed. This document,
in line with the communication strategy, de-
fines the rules and responsibilities for com-
munication in different crisis situations. The

main objectives of this concept are that all
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relevant stakeholders are addressed in time
and that information is provided at the ap-
propriate level.

The ENSIBoard hascommissioned the Com-
munications Section to review and adapt
the commmunication strategy. ENSI's current
communication strategy was drawn up in
2012 and last updated in 2016. In this context,
it was decided as an immediate measure
in May 2021 to conduct dynamic in-depth
interviews with representatives of the vari-
ous stakeholder groups and spontaneous
street interviews as part of the analysis work
for the communication concept with inte-
grated communication strategy. In coop-
eration with the Executive Board and the
ENSI-Board this strategy work is continuing
withthe aim ofelaborating the Communica-
tion Strategy 2022 and onwards by the end
of May 2022.

ENSI runs two series of events: the Technical
Forum on Nuclear Power Plants (TFK) and
the Technical Forum on Safety (TFS) that are
held three to four times a year.

The Technical Forum on Safety(TFS), led by
ENSI, was set up in 2009, in connection with
the search for sites for deep geological re-
positories. The Technical Forum on Safety
discusses and answers technical and scien-
tific questions asked by the public, munici-
palities, potential site regions, organisations,
cantons and authorities in neighbouring
states. The forum comprises experts from
the body leading the process (SFOE), from
other bodies with supervisory or supportive
roles (ENSI, Swiss Federal Office of Topogra-
phy (swisstopo)), from commissions (NSC),
from the National Cooperative for the Dis-
posal of Radioactive Waste (Nagra), from the
cantons, and includes one representative
from each of the potential site regions.

The Technical Forum on Nuclear Power
Plants (TFK), created in 2012 and also led by
ENSI, is a platform where gquestions from
the general public regarding the safety of
Swiss Nuclear Power Plants are discussed
and answered by ENSI, operators or other of-
fices. The forum consists of representatives
of municipalities near NPP sites, cantons,
non-governmental organisations, NPP op-
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erators and authorities. ENSI publishes all
guestionsand answers on its website.

Oversight culture

ENSI uses the term “oversight culture” to re-
fer to all characteristics and attitudes with-
in ENSI that relate to the exercise of its core
mission: the oversight of Swiss nuclear in-
stallations. ENSI began itsengagement with
oversight culture in 2012 when it launched
a project to examine its oversight culture.
The aim of the project was to describe ENSI's
oversight culture and identify areas of im-
provement. One of the major outputs of the
project was a new Mission Statement. In
combination with the code of conduct, this
document sets the guidelines for all kind of
activitieswithin ENSI.

In the following years, further efforts were
made to improve ENSI's oversight culture.
For example, feedback was obtained from
NPP operators on oversight activities, and
ENSI started an examination of its own over-
sight activities in order to derive lessons
learned.In 2020, ENSI introduced a leader-
ship programme for supervisors and their
deputies, and in 2021 implemented resil-
ience training for employees. Since then, an-
nual follow-up training has been conducted
in respect of both leadership and resilience.
Similarly, two workplace stress analyses were
conducted involving the entire ENSI work-
force. The second analysis was carried out in
2021anditsdataiscurrently being evaluated.

ENSI also contributes its experience and ex-
pertise in the area of oversight culture to the
relevant bodies of the IAEA or the NEA.

All efforts to continuously improve the over-
sight activities were recognised as a Good
Practice by the 2021 IRRS Mission to Switzer-
land.

Following the 2021 IRRS Mission to Switzer-
land, ENSI launched new initiatives in the
area of oversight culture. These include, in
particular, the development of its under-
standing of oversight culture (see Figure 5)
and the creation of a new position to coordi-
nateits oversight culture activities.

Figure 5illustrates ENSI's understanding of
oversight culture, which is based on two per-
spectives: an inward and an outward per-
spective. Theinward perspective referstothe
cooperation and work organisation within
ENSI, while the outward perspective refersto
its oversight strategy and method. The fur-
ther development of the oversight culture
thus involves the continuous improvement
of both perspectives. Hence, the aim of the
above-mentioned position to coordinate the
oversight culture activities within ENSI, is to
systematically address the two perspectives
of the oversight culture and, in doing so, to
initiate and implement the process of con-
tinuous improvement of ENSI's oversight
activities. ENSI employees will be involved in
this continuous improvement, and existing
meeting and information forums and pro-
cesses will be utilised. For example, a close

Figure 5:
ENSI’s oversight
culture
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cooperationis plannedwith the ENSIOrgan-
isational Health Management/Oversight
Culture steering group. Due to their cross-
organisational scope, the jobholder works
independently of the line manager and re-
ports to ENSI's executive management.

Clause 2: Each Contracting Party shall take
the appropriate steps to ensure an effec-
tive separation between the functions of
the regulatory body and those of any other
body or organisation concerned with the
promotion or utilisation of nuclear energy.

Swiss nuclear power plants

Swiss NPPs are operated by private compa-
nies, with cantons and municipalities as the
largest shareholders. The federal administra-
tion does not hold shares in the nuclear in-
dustry. The regulatory body is therefore not
directly linked to any person or organisation
with a commercial interest in nuclear power.

Separation of the regulatory
authority for nuclear safety from
other governmental bodies
concerned with the use and
promotion of nuclear energy

The Nuclear Energy Act requires the regula-
tory authorities to be independent on tech-
nical matters by directivesand formally inde-
pendent of the licensing authorities. It also
clarifies and expands the position, duties
and responsibilities of ENSI as the regulato-
ry authority for nuclear safety in terms of the
development of safety criteria and the main-
tenance of nuclear safety. SFOE deals with
guestions of energy economics and politics
and considers issues relating to the security
ofenergysupply. The Nuclear Energy Act (Ar-
ticle70) stipulatesthat regulatory authorities
are not bound by instructions in technical
matters and are formally separated from the
licensing authorities.

The Act on the Swiss Federal Nuclear Safety
Inspectorate ENSI, grants ENSI regulatory
independence and ensures the separation
between ENSI and the licensing authori-
ties. In passing this Act on 22 June 2007, the
two parliamentary chambers in Switzerland
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resolved to convert ENSI into a body consti-
tuted under public law to be formally, insti-
tutionally and financially independent. The
ENSI Act (Article18) stipulates that ENSI shall
exercise itssupervisory powers autonomous-
lyand independently.

The Act on the Swiss Federal Nuclear Safety
Inspectorate ENSI came into force on 1Jan-
uary 2009. ENSI is supervised by the ENSI
Board whose members are elected by the
Federal Counciland reportdirectly toit.

Developments and Conclusion

The Management System of ENSI is well
established and provides effective support
for both management and daily operations.
Suggestions for improvement from the
IRRS Mission 2021 regarding quality man-
agement will be followed up in a separate
project. The Management System is active-
ly maintained and subject to regular minor
modifications for further development and
improvement. About one quarter to one
third of the documentation is updated every
year. However, the basic structure of the
system remains the same and still covers the
requirements set out in the related ISO and
IAEA standards.

ENSI is the legally, institutionally, politically
and financially independent national regu-
latory body, responsible for supervising the
nuclear safety and security of the Swiss nu-
clear facilities. ENSl is supervised by the ENSI
Board whose members are elected by the
Federal Counciland reportdirectly toit.
Switzerland complieswith the obligations of
Article 8.
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Article 9 - Responsibility of the licence

holder

Each Contracting Party shall ensure that
prime responsibility for the safety of a
nuclear installation rests with the holder

of the relevant licence and shall take the
appropriate steps to ensure that each such
licence holder meets its responsibility.
Article 22 of the Nuclear Energy Act sets out
the general obligations on the part of the
licence holder. It expressly states that the
licence holder is responsible for the safety of
the installation and its operation. It further
details the most important duties of licence
holders as follows:

M to accord nuclear safety sufficient priority
at all times when operating the nuclear in-
stallation and in particular to comply with
prescribed limitsand conditions;

Ml to establish a suitable organisation and
employ an adequate number of appropri-
ately qualified personnel;

M to take measuresto ensure that the instal-
lation is kept in good condition;

M to carry out inspections and systematic
safety and security evaluations throughout
the entire life of the installation;

B to conduct a comprehensive periodic
safety review in the NPPs'©;

M to report periodically to the regulatory au-
thorities about the condition and operation
of the installation and notify them without
delay about any reportable events;

M to backfit the installation to the necessary
extent on the basis of operating experience
and the current state of backfitting technol-
ogy,and beyond insofar asfurther upgrading
isappropriate and resultsin a further reduc-
tion of risk to humans and the environment;
M to monitor scientific and technological
developments, and compare operating ex-
perience and findings with those of other
installations of a similar nature;

B to keep complete documentation on
technical installation and on the operation
of the installation, and amend the safety
analysisreportand security analysisreport as
necessary;

M to carry out appropriate measures to se-
cure quality assurance for all activities con-
ducted within the installation;

M to keep the decommissioning plan or the
project for the monitoring period and the
plan for the closure of the installation up to
date.

During daily oversight activities (e.g. inspec-
tions, document reviews, safety reviews, reg-
ulatory meetings), reviews of modifications
that require a permit, and safety expert re-
ports, ENSI verifies that decisions taken by
the licence holder meet the above stated
general obligations on safety, i.e. that the
licence holder retains responsibility for the
safety of the installation and its operation.
The Swiss nuclear industry has undergone
drastic changes in recent years. The politi-
cal decisions made by Switzerland as well
as other countries on the (medium-term)
phasing out of nuclear energy has led to re-
structuring amongst the suppliers of Swiss
nuclear power plants, with the concomitant
consequence that the Swiss nuclear industry
is confronted by a loss of nuclear competen-
cies.Inaddition, theliberalisation of the Euro-
pean electricity market has meanwhile been
completed. Amongst other things, this led
to electricity prices falling sharply which has
forced the energy companies and thus the
nuclear power plants to implement unprec-
edented austerity measures (see Leibstadt
and Beznau NPP below). ENSI addressed
the related challenges of these changes and
theirsafetyimplicationsas part of an experts’
discussion on safety culture in 2018. The as-
sumption of responsibility for safety at the

10 Art. 34 para.1of the Nuclear Energy Ordinance further obliges the license holder to conduct

periodic safety reviews every 10 years
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time of such changes was also a subject for
these discussions. All NPPs have a well-es-
tablished network of contractors and good
contactswith theirvendors. In case of chang-
es due to, e.g, restructuring (see above), the
NPPs are considering remedial actions. One
oftheseis, forexample, the insourcing of spe-
cific skillsin order to keep the specific nucle-
ar competenciesin-house.

During the review period, both plants were
confronted with the continuing conse-
guences of the liberalisation of the elec-
tricity markets and the Swiss Federal Gov-
ernment's decision to phase out nuclear
energy and the associated developments
in the nuclear energy sector. In both plants,
these developments led to staff reductions
and centralisation within the licence holder's
corporation. Both NPPs were forced to deal
increasingly with issues relating to the pro-
vision and organisation, and thus the preser-
vation of safety-relevant resources (person-
nel, funds, knowledge), and corresponding
decisions hadto be made by the power plant
management and the licence holder’s cor-
porate management. According to the nu-
clear energy legislation, the responsibility for
safetyisassignedtothelicence holderaswell
as the power plant manager. However, due
tothe hierarchical organisation ofthe licence
holder, the power plant manager isin a re-
lationship in which they are dependent on
thelicence holder'scorporate management.
This constellation must be considered in de-
cision-making processes that involve both
parties. Care must be taken to ensure that
the dependency implicitin their relationship
does not have any unfavourable influences
on safety. Asa result, ENSI requested both fa-
cilities in 2018 and 2020, respectively, to sub-
mit a report to ENSI outlining the procedure
for safety-related decisions in the event of
divergent opinions or conflicts between the
licence holder corporation and power plant
management. In particular, it must be ex-
plained how it is ensured that the depend-
ency implicit in the relationship between
the licence holder corporation and power
plant management does not have an unfa-
vourable influence on safety (see Guideline
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ENSI-GO7). The review of the reports as well
as the oversight on this issue has not been
completed at the time of writing of this Na-
tional Report.

In late summer 2020, the incumbent power
plant manager of the Beznau NPP was dis-
missed by the licence holder, necessitating
a new appointment to this position. ENSI
oversaw this replacement and found that
senior management had been consulted
on the matter. The requirements for organ-
isational changes specified in ENSI-GO7, in
particular the consideration of employee-
related aspects, were also met. The position
of the power plant manager was filled within
a few weeks by a person who met all regu-
latory requirements both professionally and
personally. ENSI considers the replacement
of the manager to be a good example of the
Beznau NPP organisation’s responsibility
in ensuring good and long-term personnel
planning.

All Swiss NPPs are members of the World
Association of Nuclear Operators WANO
and benefit from an extensive exchange of
information on operating experience with-
in this network. In addition, WANO serves as
an adviser to the operators in several opera-
tional areas. In fact, many ofthe programmes
to enhance human performance in nuclear
installations that have been recommended
by WANO (e.g. operational decision-making,
pre-job-briefing) are implemented in the
Swiss NPPs.

In the Leibstadt and Beznau NPPs, a safety
controlling function has been established.
In each plant the safety controlling is con-
ducted by a senior staff person (safety con-
troller) who is critical and retains an open
mind in respect of safety issues. The safety
controlling function is a voluntarily initiative.
It is one element of the NPPs' commitment
to continually improve safety. The safety con-
troller independently reviews a whole range
of safety aspects, e.g. safety awareness and
safety provision in daily work processes, safe-
ty provision in decision-making and in man-
agement system processes, and resource
allocation in respect of safety. The safety con-
troller notifies the plant manager of issues
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relating to safety and reports to the plant
CEO.Thesafety controller's mandate lasts for
about 3years.

At the start of the nuclear industry in Swit-
zerland, the Swiss NPPs founded the “Group
of Swiss NPP Managers” (Directors). The
groupitselfandthe subgroupsintheareasof
Operation, Training, Management Systems,
Human System Interface, etc.,, meet regu-
larly several times a year to swap experience
and develop new concepts. Furthermore,
the Swiss NPPs are represented in differ-
ent European and international groups like
ENISS (European Nuclear Installation Safety
Standards).

Developments and Conclusion
Switzerland complies with the obligations of
Article 9.



Article 9/Article 10

SWITZERLAND'S NINTH NATIONAL REPORT
TOTHE CONVENTION ON NUCLEAR SAFETY

Article 10 - Priority to safety

Each Contracting Party shall take the
appropriate stepsto ensure that all
organisations engaged in activities directly
related to nuclear installations shall
establish policies that give due priority

to nuclear safety.

The Nuclear Energy Act stipulates that each
licence holderengaged in activities concern-
ing nuclear facilities has a general obligation
to give the necessary priority to safety. All
licence holders have implemented this ob-
ligation in their management system and
have established an operating policy that
gives due priority to nuclear safety. This op-
erating policy is communicated to all staff
in the NPP and submitted with other doc-
uments to ENSI. Modifications to the oper-
ating policy of an NPP require a permit in
accordance with the Nuclear Energy Ordi-
nance.

The obligation to give the necessary priority
to safety is also demonstrated by the com-
mitment of these organisations to external
comparison, peer review, and improvement.
Every Swiss NPP is also a member of WANO
and, since 2005, all Swiss NPPs have been
involved in the WANO peer review process.
The cycle for WANO peer reviews and WANO
follow-up missions is about four to six years,
i.e. every two to three years, the NPPs par-
ticipate either in a WANO peer review orin a
WANO follow-up mission. Since 2013 all the
Swiss licence holders have participated in
Corporate Peer Reviews and the subsequent
follow-up missions.

During 2019-2022, the following WANO

peer reviews, WANO follow-up missions and

WANO Corporate Peer Reviews and Follow-

up missions took place in Switzerland:

M 2019: WANO follow-up mission at Beznau
NPP

W 2019: WANO Corporate follow-up mis-
sion at Axpo Power AG (License holder of
Beznau NPP and managing organisation
of Leibstadt NPP)

W 2020: WANO follow-up mission at Gosgen
NPP was planned but had to be cancelled
due tothe COVID-19 pandemic situation.

W 2020: WANO Corporate peer review
at Gosgen AG (licence holder of Gosgen
NPP)

W 2022: WANO peer review at Leibstadt NPP

M 2022: WANO peer review at Beznau NPP

M [n addition to activities organised by
WANO, the Swiss NPPs also conducted
the following IAEA missions:

W 2019: IAEA Safety Culture Self-Assessment
at Beznau NPP

M 2020: IAEA Safety Culture Self-Assess-
ment at Beznau NPP

W 2022: IAEA Safety Culture Self-Assess-
mentat Gosgen NPP

All Swiss NPPs are regularly involved in the
WANO peer review process (see above).
From a technical standpoint (i.e. design and
construction), Swiss NPPs comply with the
current state of the art of science and tech-
nology by virtue of the fact that their origi-
nal design has been strengthened through
backfitting (see Article 18). Personnel in all
plants are well aware of the safety implica-
tions of their activities and safety-related
training (see Article 11) continuously reinforc-
es this level of awareness. The safety culture
in all Swiss NPPs is an important means for
fostering high levels of safety (see Article 12).

Developments and Conclusion

All Swiss organisations engaged in activities
related to nuclear facilities comply with the
obligation to give the highest priority to safe-
ty. All licence holders have implemented this
obligation in their management systems.
Itisalsodemonstrated by theircommitment
to external comparison, peer review, and im-
provement.

Switzerland complies with the obligations of
Article10.
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Article 11 - Financial and human

resources

Clause 1: Each Contracting Party shall

take the appropriate steps to ensure that
adequate financial resources are available
to support the safety of each nuclear
installation throughout its life.

Swiss nuclear legislation stipulates that
nuclear installations must be kept in good
condition and the licence holder must pro-
vide persons with responsibility for the safe
operation of a nuclear installation with the
necessary resources.

In the majority, the Swiss licence holders
are owned by cantons (states) or municipal-
ities. This public ownership ensures a solid
financial situation of the licence holders. To
date, they have covered all costs associated
with the construction, operation and main-
tenance (including replacement of obso-
lete or worn components) of their NPP. They
have also paid fees to the regulatory body
(see Article 8). They have voluntarily imple-
mented many modifications or backfitting
measures shown to be necessary as a result
of developments in science and technology.
These voluntary updates are in addition to
those required by the safety authorities (see
Articles 6 and 18). The licence holders also
cover the costs for radiological emergency
protection.

If, for any reason (e.g. inadequate financial
resources), the licence holder could not or
would not implement any future backfit-
ting measures considered necessary and
required by the safety authorities, the li-
censing authority would suspend or revoke
its operating licence. An NPP facing such a
suspension or withdrawal of a licence would
have an interest in ensuring that require-
ments were met if it wished to continue nor-
mal operations.

A decommissioning fund has been estab-
lished as required by the Swiss Nuclear En-
ergy Act. It covers the cost of decommission-
ing, including dismantling. It is financed by
regular contributions from the licence hold-
er. If after the final shutdown the resources

paid into the fund during the operation of
the plant were insufficient to cover the cost
of decommissioning an NPP, the licence
holderwould still be required to cover the dif-
ference. If the licence holder were financially
not capable of doing so, the licence holders
of the other NPPs would be required to in-
tervene and cover the deficit. The decom-
missioning cost-studies are reviewed every
5years and were updated in 2021 according
to theincreased requirements of the revised
ordinance on the decommissioning and
waste disposal funds.

Clause 2: Each Contracting Party shall

take the appropriate steps to ensure that
sufficient numbers of qualified staff

with appropriate education, training and
retraining are available for all safety-related
activities in or for each nuclear installation,
throughoutits life.

Requirementsregarding

qualified staff

Under the Swiss Nuclear Energy Act, there
must be a sufficient number of qualified staff
with the expertise required to manage and
control a nuclear installation during all phas-
es of its life cycle. A minimum level of staff-
ing with qualified personnelis stipulated for
the plants on a 24-hour basis. This ensures
that an adequate number of staff are pres-
entin the plant at all times for operation un-
der normal conditions, to initiate alarms and
for the first measures required in case of an
emergency. Moreover, allemployees of Swiss
NPPs are members of the respective Emer-
gency Response Organisation ERO, so the
plantscan alwaysdraw on a sufficiently large
pool of specialists for their ERO.

The specific minimum qualifications and
training of specialised staff are laid down in
the relevant ordinances (Nuclear Energy
Ordinance, the Ordinance governing the
requirements for personnel in nuclear in-
stallations, the Ordinance relating to checks
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on the trustworthiness of personnel and the
Ordinance on security guards). In addition
to technical qualification, the Ordinance
governing the requirements for personnel
in nuclear installations stipulates that NPP
personnel must be medically and psycho-
logically fit for their functions. In this context,
NPPs conduct tests for psychotropic sub-
stances.

Staffing
The Nuclear Energy Ordinance and related
guidelines issued by ENSI stipulate the or-
ganisational arrangements required for the
operation of nuclear installations. The Nucle-
ar Energy Ordinance stipulates that the facil-
ity must be structured in a way that ensures
internal responsibility for at least the follow-
ing activitiesand areas:
M operation of the installation in all
operating modes;
B maintenance, material technology
and testing methods, technical support;
M design and monitoring of the reactor core;
M radiation protection and radioactive
waste;
B water chemistry and use of chemicals
additives;
B emergency planning and preparedness;
M supervision and assessment of
nuclear safety;
M security;
W quality assurance for services provided
by contractors;
M initialand continuing training of
personnel;
M fostering of safety awareness.

There are no specific requirements with
regardtostaffing levelsin NPPs. Atthe end of
2021, MUhleberg NPP had a workforce of 279,
the twin-unit Beznau NPP had a workforce of
481, Gosgen NPP had a workforce of 585 and
Leibstadt NPP had a workforce of 506.

All Swiss plants have long been implement-
ing programmes to ensure early replace-
mentofretiring stafftoensure that sufficient
time is available for the transfer of know-how
to new employees. In addition to these pro-
grammes, the NPPs have increasingly start-
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ed to introduce personnel development
measures, personnel retainment meas-
ures and personnel recruitment measures.
These measures must be seen primarily as
accompanying measures to compensate for
the changes in the perception and reputa-
tion of the engineering professions, which is
leading to a lack of skilled workers and prob-
lems in finding new recruits. At present, the
changed perception in society and the as-
sociated discussions about the use of nucle-
ar energy in Switzerland has not noticeably
affected the personnel turnover rate in the
NPPs.

In addition to employing their own person-
nel, licence holders use contractors, par-
ticularly for maintenance during the annual
refuelling outages and plant modifications.
They include specialists from the manufac-
turers or suppliers of major components or
systems and other external experts for spe-
cific tasks. During these outages, ENSI| over-
sees the qualification and reliability of the
contractors’' personnel.

Methods used for the analysis of
competence, availability and suffi-
ciency of additional staff required
for severe accident management,
including contracted personnel

or personnel from other nuclear
installations;

The requirements for knowledge, skills and
competence of the staff in NPPs are estab-
lished in the “Ordinance on the Require-
ments for the Personnel of Nuclear Installa-
tions”, in the “Ordinance on Education and
Training in Radiation Protection”, in Guide-
line ENSI-B10 “Basic Training, Recurrent
Training and Continuing Education of Per-
sonnel in Nuclear Installations”, in Guide-
line ENSI-B11 “Emergency Exercises” and
in Guideline ENSI-B13 “Training and Con-
tinuing Education of Radiation Protection
Personnel”, which cover actions in radiation
protection in incidents and accidents. ENSI
examines the fulfilment of these require-
ments by recognition of education and
training courses and/or the recognition of
individual competencies. Furthermore, the
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availability and competence of profession-
als for management of severe accidents are
checked annually by means of inspections
of emergency preparedness exercises at all
NPPs. These inspections prove that, for ex-
ample, the radiation protection personnel
are able to act in accident situations in ap-
propriate ways. Finally, Guideline ENSI-B1I
requires plant emergency exercises to be
carried out with an emphasis on the partic-
ipation of the plant fire brigade. Such exer-
cises must be organised on a regular basis
and the participation of plant-external fire
brigades is now also envisaged. Such exer-
cises primarily serve the purpose of training
and verification of the operational readiness
ofthe plantfire brigade.

Licensing of operators

The control room operators, shift supervi-
sors, and stand-by safety engineers working
in NPPs must hold a licence. Licences are
granted by the NPP to specialists who satis-
fy the conditionsin the Ordinance governing
the requirements for personnel in nuclear
installations. The plant licence holder can
only grant alicence to an operator if the can-
didate passes the examinations specified in
the above-mentioned Ordinance. The ex-
amination board consists of representatives
from the plant licence holder and ENSI. To
pass an examination, the candidate must be
approved by both parties.

Education and training

The Ordinance governing the requirements
for personnel in nuclear installations spec-
ifies the education, knowledge and experi-
ence required by the personnelthat perform
safety-relevant activities in nuclear installa-
tions (e.g. plant managers, licensed opera-
tors, personnel carrying out maintenance
duties).

The personnel selected as potential candi-
dates to obtain a licence, i.e. reactor oper-
ators, shift supervisors and radiation pro-
tection experts, must have successfully
completed vocational training of 3—4 years
in a technical profession and have a min-
imum of two years' experience in their pro-

fession (the latteris not compulsory for radia-
tion protection experts) before starting their
operator’s and radiation protection expert
training, respectively. Stand-by safety engi-
neers must be in possession of a shift super-
visor's licence as well asa degree froman en-
gineering school or university.

The School for Nuclear Technicians provides
specific training in nuclear fundamentals,
the basics of electrical and mechanical en-
gineering, water chemistry, safety concepts
and radiation protection. The selection pro-
cedure for all licensed control room per-
sonnel includes aptitude tests. Under the
Ordinance governing the requirements
for personnel in nuclear installations, plant
managers must have an engineering or
science degree, basic knowledge of nucle-
ar engineering and the specific knowledge
required for the individual post together
with management experience and experi-
enceintherelevant NPP.

The education and training required by
control room personnel to obtain a licence is
summarised below:

M Field operators: employees wishing to be-
come licensed control room personnel must
start as field operators. There is no licensing
at this level. However, it is common for such
operators to have passed an officially recog-
nised examination. Courses and on-the-job
training provide them with a good under-
standing ofthe NPP and a basic understand-
ing of radiation protection, physics and nu-
clearengineering.

B Reactor operators: this function requires
a formal licence. Candidates for positions as
reactor operators must have worked for one
or two years as a field operator. They must
complete a detailed theory course at the
School for Nuclear Technicians or an equiv-
alent institution. On completion of this basic
education, candidates complete plant-spe-
cific training. This takes the form of various
courses at the NPP, on-the-job training and
simulator training.

M Shift supervisors: applicants for this post
must be experienced reactor operators (one
tothreeyearsofexperience). They receive ad-
ditional educationandtraining in leadership,
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specific plant behaviour, procedures, and
undergo full-scope simulator training with
their team.

B Stand-by safety engineers: shift super-
visors with an engineering school or uni-
versity degree can become stand-by safety
engineers. In particular, they need further
training in leadership under unfavourable
conditions plus an extensive and detailed
knowledge of emergency procedures.

Radiation protection specialists and radia-
tion protection techniciansaretrained at the
Radiation Protection School at the PSl or an
equivalent foreign institution. ENSI supervis-
es the final examinations of candidates for
both posts.

Adequate periodic training exists for all of
the above posts. It comprisessimulator train-
ing (except for radiation protection experts),
plant-specific courses and theoretical cours-
es, usually at the School for Nuclear Techni-
cians and the Radiation Protection School
at the PSI. Members of the training section
of the relevant operational department pro-
vide the training of licensed control room
personnel. The members of the training sec-
tionare professionalsand aretrained inadult
education.

Alloperating Swiss NPPs have full-scope rep-
lica simulators on site. Thus, each NPP has its
own site-specific simulator training, which is
also used for requalification purposes. ENSI
monitors training activities.

Non-licensed personnelin NPPsare alsowell
educated and trained. Regular retraining is
provided to ensure that personnel are up to
date with advances in science and technolo-
gy and plant modifications.

The financial resources allocated to training
are defined in the annual budget produced
by the NPP.The annual management meet-
ing between an NPP and ENSI includes an
overview of this budget.

To maintain specific expertise in nuclear
technology within Switzerland, Swiss NPPs
sponsor a dedicated professorship at ETH
Zurich.
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Developments and Conclusion

The existing nuclear installations have ad-
equate financial resources to support the
safety of each nuclear installation. They also
have sufficient qualified staff with appropri-
ateeducationandtraining for all safety-relat-
ed activities,and adequate retraining oppor-
tunities.

Switzerland complies with the obligations of
Article 1.
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Article 12 - Human factors

Each Contracting Party shall take the
appropriate steps to ensure that the capa-
bilities and limitations of human perfor-
mance are taken into account throughout
the life of a nuclear installation.

Oversight Approach and Strategy
In recent years, the nuclear industry has
been confronted with a variety of chang-
es (e.g. changes in the energy, supplier and
labour markets, loss of know-how, new tech-
nical safety requirements). The challenges
associated with these changes requires nu-
clear facilitiesto adapt to these changes. This
adaptive performance of an organisation is
denoted by organisational resilience. Organ-
isational resilience is the ability of an organi-
sation to responsibly manage situations that
affect or may affect safety unfavourably by
adapting tosituational conditions and evolv-
ing in response to changing conditions. To
develop and maintain good organisational
resilience, it is not enough for an organisa-
tion merely to focus on mistakes and short-
comingsoroncorrecting them and avoiding
the same or similar mistakes in the future
(Safety-lapproach). Rather, it is necessary for
the organisation to also learn from the posi-
tive or normal functioning and observe and
analyse how and why things go right and
not wrong (Safety-1l approach). Accordingly,
ENSI has begun to explore how the Safety-II
approach can be integrated into its existing
oversight activities, which are mainly Safe-
ty-1 oriented. The team of HOF (Human and
Organisational Factors) specialists is taking
the lead in these deliberations. In various
workshops, it has already discussed the ele-
ments of effective Safety-Il oriented supervi-
sioninthe HOF area.

The understanding of the Safety-Il approach
and the possibility of incorporating it into
oversight activities is described in the ENSI
report “Fukushima Daiichi: Human and
Organisational Factors Part 3—Implications
for Regulatory Oversight of Human and Or-
ganisational Factors” (https:/www.ensi.ch/

en/wp-content/uploads/sites/5/2021/10/EN-

SI-AN-T1071_EN-1.pdf). This report is part of

a three-part series on “Fukushima Daiichi:
Human and Organisational Factors”. In 2011,
ENSI published the first part, in 2015 the sec-
ond part, and finally in 2021, on the occasion
ofthel0thanniversary of the Fukushima acci-
dent, the third part.

Organisation and Safety Culture
Following incidents (INES1level) in the Leib-
stadt NPP in 2014 and subsequent years,
as well as in the Gosgen NPP in 2016 that
revealed major or recurring deficiencies of
an organisational nature, ENSI requested
in-depth analyses of these power plants. In
both plants, these analyses revealed safety
culture weaknesses. Accordingly, both plants
improved their safety culture programs
continuously and implemented it during
the reporting period. To monitor these pro-
grammes, ENSI has intensified its oversight
activitiesand, in particular,examined the im-
pactand effectsoftheinitiated programmes
onthesafety culture.

In December 2019, the NPP Muhleberg un-
derwent final shut-down and comprehen-
sive decommissioning work began. Since
then, its organisation has been gradually
changing. These organisational changes
have been closely monitored by ENSI.

The obligation of the licence holder to estab-
lish a suitable organisation is firmly embed-
ded in several places in the Swiss legislative
framework. The Nuclear Energy Ordinance
sets out requirements concerning the or-
ganisation that are specified in detail in the
Guideline ENSI-GO7 “Organisation of Nucle-
ar Power Installations”. In 2020, ENSI started
torevise this guideline. The revised guideline
will meet the requirements of the IAEA (i.e.
GSR Part 2) as well as several WENRA refer-
ence levels and will consider new safety con-
cepts such as “Organisational Resilience”
and “Safety-Il". In summer 2022, the draft
guidelinewill enter the external consultation
phase.
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ENSI has conducted a series of oversight
activities, e.g. inspections and technical dis-
cussionsinthe area of organisation aswell as
safety culture. In addition to these ordinary
oversight instruments for organisational as
well as plant engineering issues, ENSI em-
ploys a specific method to oversee safety cul-
ture: specialist discussions on safety culture
issues. The aim of these discussions is to es-
tablish a platform where the licence holders
can consider safety culture topics previous-
ly raised by ENSI. ENSI facilitates the discus-
sions in an open and constructive way. This
specialist discussion on safety culture was
awarded a “good practice” rating by the IRRS
Mission 2021 experts.

In 2021, ENSI conducted such a discussion on
the subject “Leadershipin a resilient organi-
sation”.

During the review period, both plants were
confronted with the continuing conse-
qguences of the liberalisation of the elec-
tricity markets and the Swiss Federal Gov-
ernment’s decision to phase out nuclear
energy and the associated developmentsin
the nuclear energy sector. These led to staff
reductions, centralisationinthe licence hold-
er's corporation and to restructuring on the
part of manufacturers and suppliers. Both
facilities were therefore forced to increasing-
ly deal with issues relating to the provision
and organisation and thus the preserva-
tion of safety-relevant resources (personnel,
funds, knowledge) and corresponding de-
cisions had to be made by the power plant
and corporation management. According to
the nuclear energy legislation, the respon-
sibility for safety is assigned to all actors (i.e.
the representatives of the licence holder as
well as of the power plant management).
Due to the hierarchical organisation, howev-
er, the power plant manager is dependent
on the licence holder or its representatives.
According to the Guideline on the organi-
sation of nuclear power plants (ENSI-GQ7),
it must be ensured that the dependency
implicit in their relationship does not have
any unfavourable influences on safety. Par-
ticularattention must be paid tothisrequire-
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ment, particularly in the event of conflicts or
differing opinions on safety issues.
Therefore, ENSI has raised the following re-
quirement: The plants must report in detail
onthe procedure for safety-related decisions
in the event of differing opinions or conflicts
between corporate and power plant man-
agement. In particular,how itisensured that
the dependency implicit in the relationship
between the management of the power
plant and the corporation does not have an
unfavourable influence on safety (see Guide-
line ENSI-GO7).

All Swiss nuclear power plants have had
pandemic plans since the end of the 2000s.
These plans have been further developed
in recent years and updated for the current
COVID-19 outbreak (for more information on
the Swiss reaction to the pandemic, see sep-
arate chapter in Summary and Conclusions).
The pandemic plans contain measures to
prevent disease transmission between em-
ployees and to maintain safe and reliable
electricity production. They should ensure
that the number of staff required for safe op-
eration doesnotfall below a critical threshold
and that the greatest possible redundancy
of staff is maintained. With the outbreak of
the pandemic and continuously during the
pandemic, ENSI conducted technical dis-
cussions on the implementation of the pan-
demic plansat all nuclear facilities.

Human Factors Engineering

The Nuclear Energy Ordinance lays down a
series of design principles for NPPs, includ-
ing a principle relating to human factors
engineering: “Work stations and processes
for the operation and maintenance of the
installation must be designed so that they
take account human capabilities and their
limits". ENSI pays particular attention to this
principle when it oversees modifications
thataffect human-machineinterfaces. Since
2007, ENSI has required a human factors en-
gineering programme in conjunction with
theinitial concept of modernisation projects.
Within the human factors engineering pro-
gramme, the licence holder must describe
how human and organisationalfactors (e.g.a
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human-centred design process, integration
of operating experience from predecessor
or similar systems, multidisciplinary project
management) are integrated continuous-
ly and systematically throughout the entire
modification project. The human factors
engineering programme adopts a grad-
ed approach. This ensures that appropriate
resources are allocated in accordance with
requirement 7 “Application of the graded ap-
proach to the management system” of the
IAEA Safety Standard GSR Part 2.

Event Analysis

Al NPPs conduct thorough investigations of
human and organisational factors whenever
they areidentified as the root cause oracon-
tributing factor in events with a relevance to
safety. If these investigations identify weak-
nesses in these areas, this triggers an assess-
ment of similar situations in other NPPs.
The Nuclear Energy Ordinance states that all
NPPs must appoint a committee to analyse
eventsand outcomes attributable to human
and organisational factors. All NPPs have
appointed such committees, the members
of which receive adequate education and
training on a regular basis.

Developments and Conclusion

The continuing consequences of the liber-
alisation of the electricity markets, the Swiss
Federal Government's decision to phase
out nuclear energy as well as the associated
developments in the nuclear energy sector
have led to nuclear facilities being subject
to various changes. The response of power
plants to these changes, as well as organisa-
tional weaknesses revealed during events,
have been closely monitored by ENSI. With
the Safety-Il approach, the HOF team has
started to introduce new oversight activi-
ties in the field of human and organisation-
al factors. ENSI has continued to pursue its
efforts to oversee human and organisational
factors in plant modernisation projects and
in eventanalysis.

Switzerland complies with the obligations of
Article12.
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Article 13 - Quality assurance

Each Contracting Party shall take the
appropriate steps to ensure that quality
assurance programmes are established
and implemented with a view to providing
confidence that specified requirements for
all activities important to nuclear safety are
satisfied throughout the life of a nuclear
installation.

All Swiss NPPs have an integrated manage-
ment system and all are certified according
to DIN ISO 9001 (Quality Management). Ac-
cording to the certification roles, the man-
agement systems are audited periodically
by the certification institute and the certifi-
cates are renewed on a regular basis. NPPs
apply well-established methods for self-
assessment of their management system.
Major changes in the management system
require notification to ENSI.

By applying a graded approach, ENSI con-
centrates its oversight activities on the as-
pects of the licence holder's management
system that are most relevant to nuclear
safety. These safety-relevant processes need
to ensure an appropriate quality assurance
of their outputs. They are supervised by ENSI
within the framework of different oversight
activities such as in the event analysis pro-
cess, outage management and the process
for plant modifications. Due to the ageing
issues, plant life extension and the Swiss
regulatory requirement for maintaining the
plant up to the latest state-of-the-art of sci-
ence and technology, there is an ongoing
need for plant modifications. All NPP activ-
ities other than normal operation activities,
and which are relevant for safety, e. g. back-
fitting, replacement and modifications to
systems and components, need a permit. To
be able to grantits regulatory approval, ENSI
assesses the quality assurance programme
paying special attention to the performance
of an independent verification of all safe-
ty-relevant information within the frame-

work of the quality assurance process.

Onayearly basis, ENSI performs aseries of in-
spections relating to the management sys-
tem of all nuclear installations which are al-
ways dedicated to an actual oversight topic.
The recent series of inspections addressed
how the senior management meets its re-
sponsibility regarding the assessment of the
effectiveness of the quality management
systems within the framework of the con-
tinuous improvement cycle (PDCA cycle).
The licence holders demonstrated how the
process of information gatheringand aggre-
gation up to the senior management level
works. The senior management then takes
decisions and implements actions based on
this information reflecting their own strate-
gy and objectives as well as the actual exter-
nal context the licence holder organisation is
facing.

Another inspection series was performed
on the auditing process as a part of the li-
cence holder’s self-assessment programme.
Alongside the internal processes, proper
quality assurance is required for the prod-
ucts and services provided by external sup-
pliersforwhich the licence holders must take
full responsibility for in accordance with Arti-
cle 30 of the Swiss Nuclear Ordinance. In this
respect, the licence holder indicated how
supplier audits are used to ensure appropri-
ate quality of the supplied products and ser-
vices. Where the supply chain is concerned,
the licence holders have identified issues in
respect of the diminishing number of suppli-
ers,and inappropriate quality assurance pro-
cesses of the suppliers. In the future, this will
become a major challenge.

Overall, ENSI confirmed the fulfilment of
the regulatory requirements for both topics.
ENSI made suggestions for continuous im-
provements including the sharing of good
practices in the way the topics are consid-
ered within the different licence holder

organisations.
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Developments and Conclusion

All Swiss NPPs have an integrated manage-
ment system that is certified under DIN ISO
9001. The management systems are audited
periodically by the certification institute and
the certificates are renewed on a periodic
basis.

The NPPs apply internal and external audits
aswell as established self-assessment meth-
ods in order to advance the continuous im-
provement of their management systems.
These processes have been recently inspect-
ed by ENSI. With respect to the quality assur-
ance of external products and services, ENSI
also looked at the supplier audit process.
ENSI regularly performs inspections to as-
sess the effectiveness of quality assurance
measures within the management system.
As part of the continuous improvement of
the management systems, ENSI has paid
particular attention to how the senior man-
agement meets its responsibilities in as-
sessing the effectiveness of the quality man-
agement systems within the framework of
the continuous improvement cycle (PDCA
cycle).
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Article 14 - Assessment
and verification of safety

Clause 1: Each Contracting Party shall

take the appropriate steps to ensure that
comprehensive and systematic safety
assessments are carried out before the
construction and commissioning of a
nuclear installation and throughout its life.
Such assessments shall be well document-
ed, subsequently updated in the light of
operating experience and significant new
safety information, and reviewed under
the authority of the regulatory body.

Overview of the Contracting
Party's arrangementsand
regulatory requirements to
perform comprehensive and
systematic safety assessments

For existing plants, a Periodic Safety Review
(PSR) is required at least every ten years.
Important elements of a PSR are an update
ofthe Safety Analysis Report (SAR),an assess-
ment of design-basis accidents, an assess-
mentoftheageing surveillance programme,
an update of the Probabilistic Safety Analysis
(PSA) and an evaluation of operating experi-
ence over the last 10 years. The details (scope
and process) of a PSR are defined in ENSI's
Guideline ENSI-A03.

Changes in the organisation, modifications
or backfitting of components and docu-
ments (e.g. Technical Specifications) related
to safety must be approved by ENSI. ENSI's
associated review may involve inspections
(see Clause 2). Data from inspections, event
assessments and safety indicators provide a
foundation for ENSI's systematic assessment
of operating safety, carried out annually (see
Clause 2). In addition, the licence holders
must perform annual safety assessments
according to the requirements given in
Guideline ENSI-G08 and probabilistic evalu-
ations of their operating experience accord-
ing to Guideline ENSI-AOG.

The above safety analyses are explicitly spec-
ified in the Nuclear Energy Ordinance as the
requirements for the analysis and reports to

be submitted for decommissioning projects.
The following paragraphs provide further
information on certain safety analyses.
Further reviews and assessments of the de-
sign basis are mandatory if events of INES 2
or higher have occurred in a national or in-
ternational NPP. As a direct consequence
of the major accident in Japan, ENSI issued
three formal orders in which the operators
of the Swiss nuclear power plants were re-
quired toimplementimmediate actionsand
to conduct additional reassessments. ENSI
ordered immediate actions comprising the
establishment of an external emergency
storage facility for the Swiss NPPs, including
implementation of the necessary plant-spe-
cific connections and undertaking of the
necessary backfitting measures to ensure
the provision of externalinjection meansinto
the spent fuel pools The additional reassess-
ments, which had to be carried out imme-
diately, focused on the design basis of Swiss
NPPs in respect of protection against earth-
quakes, external flooding, extreme weath-
er conditions and credible combinations
thereof. Investigations were also requested
regarding the coolant supply for the safety
systems and the spent fuel pool cooling, tak-
ing into account the lessons learnt from the
accidentinJapan.

The DETEC Ordinance on the Hazard As-
sumptions and the Assessment of the Pro-
tection against Accidentsin Nuclear Installa-
tions SR 732.112.2 demands that, in the case
of new or changed hazard assumptions, the
deterministic and the probabilistic safety as-
sessments have to be updated. Accordingly,
after definition of the new earthquake haz-
ard ENSI-2015 (see Article 17 and 18) in May
2016, ENSI issued a formal order to the op-
erators of the Swiss nuclear power plants to
update the earthquakes safety assessment:
a) by the end of 2018 the safety case originally
required by ENSI after the Fukushima reac-
toraccidentin March 2011, b) by mid-2019 the
probabilistic safety analysis,andc) by theend



64

of September 2020 a detailed and refined
deterministic safety analysis. Due to the ef-
fects of the COVID pandemic, ENSl accepted
a phased submission of part c) by the end of
September2021. While safety case a) is based
on the 104 per year earthquake and some
simplified assumptions, the full determinis-
tic safety analysis c) requires a more detailed
analysis of both the 10 per year and the 104
per year earthquakes (see deterministic
analysis in this article). The operators of the
Swiss nuclear power plants have updated
their earthquake safety assessment accord-
ingly. After an in-depth assessment, ENSI
has accepted the updated safety case a) for
all Swiss nuclear power plants and the corre-
sponding update of the probabilistic safety
analyses [case b)]. Case ¢) (i.e, the refined de-
terministic safety analyses) iscurrently under
scrutiny.

A comprehensive reassessment of the exter-
nal flood hazard at the Aare river was carried
out under the lead of the Federal Office for
the Environment together with other reg-
ulatory bodies including ENSI. The project
established a common basis for the flood
hazard assessment of various regulatory
bodies. A Probabilistic Flood Hazard Analysis
(PFHA) methodology was developed so that
extremely rare events can also be assessed.
The results consist of water level hazard
curves that also take into account effects like
debris or blockage of bridges. The water lev-
elsatthesiteswith an exceedance frequency
of 104 peryear areinthesamerange asthose
used for prior safety analyses and are covered
by the safety margins of the nuclear facilities.
The results of the project also include the
hydraulic parameters needed for a closer
evaluation of morphological effects such as
the erosion of the surface or the shore. ENSI
requested the licence holders to perform a
new safety assessmentthatalsoincludesthe
morphological effects.

Extreme weather conditions of increased rel-
evance for the Swiss nuclear plants such as
extreme wind, tornados, heavy rain, extreme
air and water temperatures in winter and
summer and extreme snowfall have been ex-

amined withinthe scope of the EU stress test

and were updated (the review will be con-
cluded in 2022). As far as possible, the eval-
uation is based on the IAEA Specific Safety
Guide SSG-18 on Meteorological and Hydro-
logical Hazards in Site Evaluation for Nuclear
Installations.

The recent update of Guideline ENSI-AQI1
(September 2018) explicitly requires that a
safety margin analysis is performed for natu-
ral hazards as part of a DEC-A evaluation.

Safety assessmentsin the
licensing process and safety
analysis reports for different
stagesin the lifetime of nuclear
installations

Due to the accident at the Fukushima
Daiichi NPP, the Swiss government has sus-
pended plans for new-builds. On-going ac-
tivities concerning safety assessments for
the different stages in the lifetime of nuclear
installations comprise:

B periodic safety assessments (PSR) and

M assessmentsof long-term operation (LTO).

Long-Term Operation

ENSI's approach for long-term operation
(LTO) is based on international recommen-
dations, IAEA-Safety Guides NS-G-2.6 and
SSC-48, IAEA-SALTO Guidelines, WENRA
Reactor Safety Reference Levels (Issues K
andl),and on the Swiss legislative basis—the
Nuclear Energy Act, Nuclear Energy Ordi-
nance, DETEC Ordinance on the Methodol-
ogy andthe General Conditionsfor Checking
the Criteria for the Provisional Taking out of
Service of Nuclear Power Plants, Guidelines
ENSI-BOT, ENSI-BO6 and the Guideline of the
Swiss Association for Technical Inspections
(SVTI) SVTI NE-14. According to Article 34,
para. 4 of the Nuclear Energy Ordinance,
which has been in force since June 2017, an
additional LTO safety proof must be submit-
ted as part of the PSR for the period following
the fourth operating decade. Included with-
in this, according to Article 34a, which has
also been in force since June 2017, must be
proof that the design limits of plant compo-
nents relevant for safety will not be reached
during the planned period of operation;
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moreover, backfitting and organisational
improvements for the following operating
decade must also be shown. Furthermore,
the LTO safety case shall cover two main ar-
eas: material ageing and conceptual ageing.
In the first area, the focus is on the ageing
management programmes (e.g. mainte-
nance, in-service inspection, in-service test-
ing) and on the status of major plant com-
ponents (e.g. RPV, containment, selected
reactor coolant piping) in respect of the rele-
vantageing mechanisms, including forecast
analyses for the next reporting period. With-
in the area of conceptual considerations on
ageing, the focus is on the plant safety con-
cept (updated deterministic and probabil-
istic analyses) and on backfittings (taking
into consideration the advancements in the
state-of-the-art of backfitting technology).
In particular, the licence holder isrequired to
demonstrate that the limits described in the
recently updated DETEC Ordinance on the
Methodology and Conditions for the Assess-
ment of the Criteria for Provisional Shutdown
of Nuclear Power Plants (SR 732.114.5) are
adhered to. An infringement of these limits
implies that the NPP must be provisionally
shutdown.

The licence holders of the following Swiss
NPPs have submitted the required LTO safe-
ty proofs. Beznau NPP submitted its doc-
uments in 2008 and 2018, MUhleberg NPP
(undergoing decommissioning) in 2010, and
Gosgen NPP in 2018. The LTO safety assess-
ment of Leibstadt NPP will be performed
with the upcoming PSR in 2022. Results of
the ENSI review are described in the LTO
safety evaluation reports dated November
2010 and November 2021 for Beznau NPP
and December 2012 for MUhleberg NPP,
while the 2018 Gdésgen documents are cur-
rently under review by ENSI. As a result of
the LTO review, it was confirmed by ENSI
that Beznau NPP meets the Swiss safety
objectives at least for an additional 10 years
of operation. There is no indication that the
terms and conditions for a provisional shut-
down (DETEC Ordinance SR 732.112.5) will be
reached. In 2013, the licence holder of MUhle-
berg NPP decided to cease operation in 2019
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for commercial reasons and cancelled the
planned LTO backfitting programme. ENSI
issued a formal order to establish binding
conditions for operation until 2019, request-
ing that alternative measures be imple-
mented.

Periodic safety assessments of
nuclear installations during
operation using deterministic and
probabilistic methods of analysis
as appropriate, and conducted
according to appropriate
standards and practices
In addition to the continuous review and
evaluation of plant modifications, the PSR
isan important control mechanism for both
licence holdersand ENSI. It enables them to
identify and assess the actual state of safety
inaplantinordertoensure compliance with
legal requirements, the provisions of the li-
censes and the official stipulations of ENSI.
The actual plant status and past operating
experience are compared against the cur-
rent state of the art of science and technol-
ogy and operating experience from other
plants. The licence holder carriesout the PSR
and ENSI evaluates the PSR report submit-
ted by the licence holder. ENSI adds its own
experience from previous inspections, as-
sessmentsand reviews.
The concept of defence in depth, as de-
scribed in the IAEA Specific Safety Require-
ments SSR-2/1 (Rev. 1), plays a central role in
the PSR and its evaluation. In its report, the
licence holderisrequired:
W to specify the plant-specificimplemen-
tation of safety policy;
M to assess the operating performance
and management ofthe plant;
B to perform a deterministic safety status
evaluation;
M to perform a probabilistic safety analysis.

Based on the evaluation mentioned above,
the licence holder must demonstrate that
the fundamental safety functions specified
in SSR-2/1(Rev.1) and the radiological protec-
tion measures are effective in both normal

and abnormal plant operation. The licence
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holder must also demonstrate how the
evolving state of science and technology is
taken into accountin the plant's design and
operation and how the experience gained
from similar plants worldwide is integrated.
In addition, in its assessment of operating
experience from the last 10 years, the licence
holder must pay particular attention to hu-
man and organisational factorsand theirim-
pact on safety. ENSI's assessment also con-
sidersthe licence holder's safety culture. The
PSR not only includes a review of the plant’s
current safety status but also an assessment
of its future safety status.

Deterministic analysis

The Nuclear Energy Ordinance (NEO) Arti-
cle 34 requires Swiss NPPs to implement a
Deterministic Safety Status Analysis (DSSA).
The deterministic analyses consist of tech-
nical analyses to be performed according
to Guideline ENSI-AO1 and radiological anal-
yses according to Guideline ENSI-A08 and
Guideline ENSI-G14. The requirements fo-
cus on protection against design-basis ac-
cidents and selected beyond design-basis
accidents. The initiating events to be consid-
ered in the design are listed in paragraphs 2
and 3 of Article 8 of the NEO. More specific re-
quirements regarding hazard assumptions
and assessment of the degree of protection
against initiating events are given in the Or-
dinance on Hazard Assumptions and Eval-
uation of Protection Measures against Acci-
dents in Nuclear Installations (SR 732.112.2).
This Ordinance assigns one of three catego-
ries to the design-basis accidents depend-
ent on their frequency of occurrence and
defines technical compliance criteria and
related technical and radiological safety ob-
jectivesdependentontheassigned accident
category. Design Basis Accidents (DBA) with
an origin other than from natural hazards
must be considered down to a frequency
greater than 106 per year. For accidents aris-
ing from natural hazards according to the
recent amendment of Article 8 of the NEO
(@amendment of 1 February 2019) determin-
istic analyses for design-basis accidents with
frequencies of 10 per year and 10 per year

must be performed, and compliance with
dose limits of 1mSvand 100 mSv respectively
must be demonstrated. In particular, the ver-
ification for the 103 per year natural hazard
event is new and the dose limit for this acci-
dent category (1 mSv) in Switzerland is very
strict.

The review of the DSSA aims to verify the
expected behaviour of the plant under as-
sumed accident conditions as defined in
Guideline ENSI-AOL. Based on a set of ac-
cident scenarios, the licence holder must
demonstrate that the relevant plant and
core-specific parameters remain within safe
limits and comply with the technical criteria
defined in the DETEC Ordinance on Hazard
Assumptionsand the Assessment of the Pro-
tection against Accidents in Nuclear Instal-
lations. In addition, the licence holder must
demonstrate that the nuclear installation
complies with the individual dose limits for
the public, as defined in the Radiological
Protection Ordinance. Guideline ENSI-AO1
focuses specifically on:
B suitability, validation and compliance with
best estimate calculation programmes;
B compatibility of analysis assumptions
with system and component design;
W conservatism of simplificationsand
assumptionsin the analysis,and
M adequacy of assumed single failures
following initiating events.

ENSI's review also includes independent
DBA analyses using appropriate comput-
er codes and own plant models, which are
still being further developed. Additionally,
the requirements in particular on the Safe-
ty Level 3 accidents of nuclear installations
as distinct from NPPs have been expressed
in more detail in the recent amendment of
Guideline ENSI-AQT (September 2018).

The requirements for the radiological analy-
ses for the determination of the source term
to the environment are given in Guideline
ENSI-AO8 for both NPPs and other nuclear
installations. Radiological inventories, path-
ways and thermal-hydraulic conditions for
the transport of radionuclides within the
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plant are considered. Guideline ENSI-G14
specifies the requirements for the subse-
quent calculation of the radiological conse-
guences for the neighbouring population
considering the dispersion of radionuclides
inthe environment and exposure pathways.

Furthermore, selected beyond-design-ba-
sis accidents (BDBA) must be considered
in the deterministic safety analyses. Recent
amendments to ENSI's Guideline ENSI-AO1
distinguish between Safety Level 4a (SL4a)
and Safety Level 4b (SL4b) accidents in nu-
clear power plants. These correspond to the
Design Extension Conditions (DEC) A and
DEC B from the WENRA RHWG Guidance
Document for Issue F: Design Extension of
Existing Reactors. For SL4a accidents (e.g.
Anticipated Transient Without Scram or
Total Station Blackout) prevention of severe
fuel damage in the core or in the spent fuel
pool hasto be demonstrated. The list of SL.4a
accidents is derived from the WENRA Safe-
ty Reference Levels for Existing Reactors,
Issue F.

According to the latest results of determin-
istic safety analyses, all Swiss nuclear power
plants entirely fulfil the requirements of the
currentrulesand standards.

Probabilistic analysis

The Nuclear Energy Ordinance requires
the development and use of a Probabilistic
Safety Analysis (PSA) for all relevant operat-
ing modes of the Swiss NPPs. These require-
ments are further specified in two regulato-
ry guidelines aimed at harmonising the use
and development of PSA:

B Cuideline ENSI-AOS defines the quality
and scope of requirements for the plant-
specific Level Tand Level 2 PSA for NPPs and
other nuclear installations.

B Cuideline ENSI-AO6 formalises the re-
quirements for applying PSA to NPPs. It
defines general principles for all PSA appli-
cations, requirements for the periodic main-
tenance and updating of the PSA, the scope
of mandatory PSA applications and also de-
fines corresponding risk measures and/or
evaluation criteria.
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All Swiss NPPs perform plant-specific Level 1
and Level 2 studies, including forinternaland
external events such as fire, flooding, earth-
quakes, aircraftimpacts,and high winds. Full
power and low power operation, as well as
shutdown modes are considered in both the
Levelland Level 2 PSA.

Furthermore, the PSAs of Swiss NPPs also
consider the risk of radioactive release from
the spent fuel pool. For non-power opera-
tion, consideration of the spent fuel pool in
the PSA is mandatory. For power operation,
consideration of the spent fuel pool in the
PSAdependsoncriteriadefinedin Guideline
ENSI-AOS.

The licence holders update PSAs at regular
intervals. Every 10 years, as part of the PSR,
PSA studies are revised as needed to reflect
advances in methods and current operating
experience. At leastonce every fiveyears, PSA
models are updated to reflect plant modifi-
cations and the availability of additional reli-
ability data. Guideline ENSI-AOG also defines
the conditions for updating the PSA models
atothertimestoinclude plant modifications
not yet incorporated in the PSA models but
which may have a significant impact on PSA

results.

The requirements of Guideline ENSI-A05
are the main basis of the regulatory review
of the PSA studies. The regulatory review
aims to develop a thorough understanding
of plant attributes, plant-specific operating
characteristics, and the plant’s vulnerability
to potential severe accidents. The review fo-
cusesonageneral evaluation of PSA models,
assumptions, analytical methods, data and
numerical results. At the beginning of the re-
view process, ENSI verifies whether the PSA
documentation is complete, and assesses
the PSA approach and analytical methods,
as well as the plant design features intend-
ed to prevent and mitigate potential severe
accidents. Based on the results of this eval-
uation, ENSI submits requests for additional
information to the licence holder and its re-
sponses are used in the review. In addition,
site audits, including plant walk-downs, are
conducted. In particular, a detailed regulato-
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ry review of the PSA is conducted within the
scope of the PSR.
Guideline ENSI-AO6 formalises the appli-
cation of PSA in the regulatory framework
with the aim of identifying potential plant
improvements, complementing safety as-
sessments within the integrated reactor
oversight process and defining relevant risk
measures and/or evaluation criteria. With the
aim of achieving these objectives, Guideline
ENSI-AOG6 specifies the scope of mandatory
PSA applications:
H probabilistic evaluation of the safety level;
M evaluation of the balance of risk contribu-
tions;
M probabilistic evaluation of the technical
specifications;
M probabilistic evaluation of changes
to structures and systems;
M risk significance of components;
M probabilistic evaluation of operating
experience, including reportable events.

In addition, the following analyses and appli-
cations are part of or related to PSA:

B Probabilistic hazard assessment for exter-
nalevents. The hazard curvesare used for the
PSA itself and as an input for the specifica-
tion of the DBA in the deterministic safety
analysis.

M Categorisation of accidents according
to their frequency. Based on their frequen-
cy, accidents are defined as design-basis or
beyond-design-basis. For design-basis acci-
dents, different dose limits are set according
totheir frequencies.

W Analyses of seismic and extreme wind fra-
gilities used for both the PSA and the deter-
ministic safety proofs.

B Development of Severe Accident Man-
agement Guidelines (SAMGCs). The Level 2
PSA is used as a technical basis for the devel-
opment of SAMGs. In particular, the Level 2
PSA provides analyses of severe accident
phenomena, indications of the complete-
ness of the SAMGs and information that can
lead to the prioritisation of measures. SAMGs
have been developed for all Swiss nuclear
power plants.

According to the latest results of probabil-
istic safety analyses, all Swiss nuclear power
plants meet the safety objectives of the IAEA
for existing nuclear power plants, which rec-
ommend a core damage frequency of less
than10“peryearandalarge early release fre-
quency of lessthan 10 per year.

Clause 2: Each Contracting Party shall

take the appropriate steps to ensure

that verification by analysis, surveillance,
testing and inspectionis carried out to
ensure that the physical state and the
operation of a nuclear installation continue
to beinaccordance with its design,
applicable national safety requirements,
and operational limits and conditions.

As already mentioned in the response to
Clause 1, appropriate safety analyses must,
if necessary, be submitted to ENSI in sup-
port of an application for a modification of or
backfitting to safety-related systems or com-
ponents before any such work is performed.
The following proofs are required before
any such permit can be granted: evidence
of the suitability of the manufacturing pro-
cess and of the assembly and commission-
ing processes, evidence of compliance with
safety limits, details of the dedicated start-
up tests as required, procedure for periodic
inspections and audits, and finally probabil-
istic evaluation in respect of the impact of
the modification or backfitting on the plant
core damage frequency. These proofs are re-
quired to ensure that each modification or
backfitting measure conforms to previously
approved safety requirements and that the
relevant safety margins and operational lim-
itsare maintained.

Overview of the Contracting
Party's arrangementsand
regulatory requirements for

the verification of safety
ENSI'sarrangementsand regulatory require-
ments for the verification of safety relate to
the outage activities and refuelling process,
backfitting and replacement programmes,
inspections, information meetings, and
the review of extraordinary licence holder’s
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reports, and plant modifications derived by
ENSI as a result of national or international
events of INES 2 and higher.

Fukushima

Within the scope of the EU stress test per-
formed on ENSI's orders following the Fuk-
ushima accident, the operators of the Swiss
nuclear power plants submitted their re-
ports. The results of ENSI's review confirmed
that the Swiss NPPs displayed a high level
of protection against the impacts of earth-
quakes, flooding and other natural hazards,
as well as loss of electrical power and ulti-
mate heat sink.

A complete summary of the backfittings in-
itiated after Fukushima is givenin Article 18.

PSR

As part of the Periodic Safety Reviews (PSR)
that are carried out every ten years, the con-
dition of the NPPs, and their operational
management are reviewed to ensure com-
pliance with legal requirements, the provi-
sions of the licenses and the official stipula-
tions of ENSI. Finally, the compliance of the
plant condition with the approval bases is
examined inthe course of ongoing oversight
and during inspections by and technical dis-
cussions with the regulatory authority.

Main elements of programmes

for continued verification of safety
(in-service inspection, surveillance,
functional testing of systems, etc.)
Outage activities and refuelling

During each refuelling outage, the plant is
subjected to a multi-facetted review. Below
aresome examples:

B ENSI monitors in-service inspections and
preventive maintenance, and inspects re-
pairs/modifications to safety-related me-
chanical equipment undertaken by licence
holders to maintain or enhance plant safety.
Its mandated expert, the Swiss Association
for Technical Inspections, oversees and veri-
fies many of these activities using a combi-
nation of selective supervisory and random
checks. In contrast, ENSI focuses on specific

issues.
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B The licence holder carries out a review of
mandatory periodic functional testing of sys-
temsand components,including switchover
tests of the electricity supply. These tests are
performed in accordance with written pro-
cedures and all test results are documented.
ENSlinspects selected tests and reviews the
results of the entire test programme.

B Cycle-specific fuel and core-related issues
are reviewed as part of the “Reload Licensing
Submittal” submitted by the licence hold-
er four weeks before the beginning of the
plant-refuelling outage. ENSI must approve
fuel and core loading before refuelling. ENSI
also assesses the state of the fuel assemblies
and control rods and attends selected fuel
inspection campaigns aswell asthe start-up
measurements.

ENSI issues a letter granting permission to
restart plant operation after the mainte-
nance/refuelling outage. In this letter, ENSI
gives its assessment of the outage mainte-
nance and refuelling activities, the radiolog-
ical status of the plant and the cycle-specific
safety analyses. The permit may also include
conditions for plant operation or require-
ments and recommendations for maintain-
ing and improving plant safety. ENSI docu-
ments its own activitiesduring the outage in
aseparate outage report.

During the past two years, the activities dur-
ing outage and refuelling were significant-
ly affected by the COVID pandemic. The li-
cence holders needed to adjust their outage
planning and set up a concept for protection
against the pandemic. Due to the pandemic
situation, ENSI was temporarily forced to re-
ducethe numberofon-site inspections. ENSI
continued the verification of safety by in-
creased performance of remote-inspections
and document review. ENSI also carried out
specific inspections to make sure that there
was no negative impact on nuclear safety as
a result of the protective measures against
the pandemic. The reported lessons learned
of the licence holders concluded that some
protective measures against the pandemic
even contributed positively to nuclear safe-
ty. For instance, the staggered shift working
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hours (including breaks), the setup of a sec-
ond transfer gate to the controlled zone and
mask-wearing obligation in the controlled
zone contributed to a safer workflow.

Backfitting and replacement

Backfitting and replacement of safety-relat-
ed equipment are necessary when existing
equipment nolongersatisfiescurrentstand-
ardsorwhenitbecomesdifficult to maintain.
ENSI may alsorequire backfitting or replace-
ment of equipment in other circumstances,
e.g.following a PSR.In addition, a backfitting
programme is required when an NPP enters
long term operation (i.e, after 40 years of op-
eration). New equipment is mainly installed
and commissioned during plant outages.
ENSI reviews the process for such activities
and in so doing is able to monitor the pro-
cessclosely. ENSlapprovesthe design, instal-
lation, modification and commissioning of
safety classified equipment.

A list of backfittings and improvements is
givenin Article18.

Inspection

Inspections in nuclear installations are pri-

marily performed by ENSI. In the area of

mechanical engineering, some aspects of
inspections are delegated to external experts
who act exclusively on behalf of ENSI.

The regulatory inspections by ENSI form the

basis for independent judgements on safe-

ty-related issues such as:

M quality measures during plant
modificationsand operation;

M availability of documentation
(e.g.operating instructions, technical
specifications, emergency instructions
andemergency plans);

B adherence to operating instructions
and technical specifications;

M plant operation and recording of safety
performance;

B adequacy of PSA modelsin representing
the current plant configuration
and operational characteristics,

B housekeeping practices designed to
prevent or mitigate fire and the effects of
seismic hazards;

M availability and training of operating
personnel;

M radiation protection;

B human factorsengineering
(e.g.human-system interface);

M organisation and safety culture;

M protection against sabotage
and malicious acts.

The inspections cover all aspects of engi-
neering relevant to safety (e.g. fire or flood-
ing protection), the relevant natural sciences
disciplines (e.g. reactor physics, water chem-
istry),and social sciences (e.g. work and occu-
pational psychology).

In 2015, ENSI was accredited by the Swiss
Accreditation Service (SAS). Inspections in
the following fields are covered by the ac-
creditation:

M operational radiation protection

M radiation measurements

M transportation of radioactive substances.

ENSI plans inspections in accordance with
its Basic Inspection Programme, which pro-
vides a systematic basis for periodic inspec-
tions. The inspection intervals are based on
the safety-relevance of the items (compo-
nents, systems, processes) to be inspected
and on operating experience.
Inadditiontothe above periodicinspections,
ENSI's management defines issue-based
inspections. These focus on specific issues
identified in the annual systematic safety
assessment described below. If necessary,
reactive inspections are carried out, e.g. in
response to international operating expe-
rience, events, or plant modifications pro-
posed by the licence holder. Since its shut-
down on 20 December 2019, inspections at
MUhleberg NPP have been performed in ac-
cordance with decommissioning progress.
Inspections may be performed at any time
but are more frequent during outages than
during normal operation. In most cases, the
licence holder is given advance notice of in-
spections. This ensures that activities to be
addressed by the inspection are compati-
ble with the inspection, that components
are accessible and that the relevant staff are
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available for discussions. Inspections by the
site inspector are usually unannounced.
Most inspections are performed during the
operating life of nuclear installations, al-
though a few inspections cover nuclear in-
stallations, for instance research reactors,
which have been shut down.

A full-time site inspector is appointed for
each NPP. Other nuclear installations are
allotted part-time installation inspectors. As
ENSI's offices in Brugg and the NPP sites are
relatively close geographically, regional of-
fices are not required. For the same reason,
there are no resident inspectors but offic-
es are available to the site inspectors of the
NPPs.

During normal operation, the site inspec-
toris, on average, present at the site one day
per week. During outages, the site inspec-
tor is present for four or five days. Since the
shutdown of MUhleberg NPP, the presence
of the site inspector has been adjusted and
largely increased. Inspections by specialists
focus on specific issues, whereas site inspec-
tors develop a more general view of the NPP.
Findings of potential interest are reported by
the site inspector to the specialists at ENSI.
The duties of site inspectors are not limited
to inspections. They also act as a vital link
between the licence holder and ENSI. Site
inspectorstake the lead role in the systemat-
ic safety assessments (see below), which are
part of the process of integrated oversight.

Information meetings

Each site inspector (see above) conducts
monthly meetings with the respective li-
cence holder in order to obtain the latest in-
formation on plant status and performance.
Further members of the management of
ENSI and the licence holder meet annual-
ly for an information meeting at which the
licence holder reports on plant operation.
The meetings also discuss special issues
and on-going or planned projects. ENSI
then gives its view on the various topics
and clarifies current or future requirements
(safety-related requirements are normally
presented to the licence holder before any
enforcement).
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In addition, there is an annual meeting be-
tween senior managers from ENSI and the
NPP in order to discuss current safety issues.
There are also annual management meet-
ings between ENSI's senior management
and senior managers from Zwilag, PSI, Na-
graandthe TSO SVTI.

In addition to these regular information
meetings, ENSI may arrange meetings on
specific issues at any time deemed appro-
priate.

Elements of ageing management
programme(s)

Review of the Ageing Surveillance
Programme

The safety-relevant aspects of material age-
ing must be taken into account for all clas-
sified systems, structures and components
(SSCs). Switzerland was one of the first coun-
tries to introduce systematic ageing man-
agement programmes (AMPs). All licence
holders started their plant specific AMPs in
1992. The regulatory expectationsfor AMPsin
Switzerland are provided within the current
Guideline ENSI-BOT1 (issued 2011), which su-
perseded guideline HSK-R51 (issued in 2004).
Guideline ENSI-BO1 is based on the legal
framework in Switzerland (Nuclear Energy
Ordinance and Nuclear Energy Act) and the
Guideline refersto the requirements in IAEA
Safety Guide NS-G-2.12 that relate to material
ageing issues. ENSI has checked IAEA Safety
Guide SSG-48, published in November 2018
and superseding Safety Guide NS-G-212,in
respect of its implications for the existing
AMPs. Thus far, no need for immediate im-
plementation of new requirements has been
identified. Referencestothe new IAEA Safety
Guide will be updated in the next revision of
Guideline ENSI-BO1.

Information from manufacturers, knowl-
edge gained from maintenance, operating
experience, root cause analyses of interna-
tional reportable events and the current
state of the art of science and technology
must be considered when implementing
and maintaining the ageing management
programme.
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AMPs cover the areas of mechanical, elec-
trical and civil engineering SSCs. There are
specific requirements for the individual
implementation of AMPs for electrical and
I&C systems, mechanical systems and civil
structures. This reflects the individual neces-
sities based on the different physical age-
ing mechanism and the respective main-
tenance strategy; this is also based on the
approach according to IAEA TECDOC-1736.
The documentation of AMPs in Switzerland
comprises:

B Technology-specific assessment of the
potential possible ageing mechanisms;

B Plant-specific or generic guidelines;

B Fact sheets on ageing management with
structural-element specific/component-
part-specific or component-specific catego-
risation of the relevant ageing mechanisms
and their assignment to the respective
maintenance programmes. The guideline
requiresthe updating of fact sheetsto reflect
any new safety-related results or, if not, up-
dating at least once every ten years;

B Annual status reports that include a com-
pilation of: updated fact-sheets and com-
plementary measures; evaluation of age-
ing-relevant internal and external operating
experience and the current state of science
and technology; assessment of the effective-
ness of the applied AMP and the comple-
mentary measures taken.

AMPs provide essential information for the
scope and the qualification process of the re-
spective in-service inspection programmes
(ISls) for mechanical components and are
considered as a verification of maintenance
programmes already in place. The maintain-
ing (updating) process of the AMP ensures
that the relevant ageing mechanisms for all
safety-relevant components and structures
are identified and that appropriate comple-
mentary measures are initiated if any diver-
gencesor gaps are discovered.

The complementary measures initiated are
one key issue of the AMP. They cover for ex-
ample the following topics:

B Studies of specific material degradation
issues (e.g. material degradation
susceptibility under specific conditions,
root cause analysis of flaws);

B Modification/adjustment of in-service
inspection programmes (temporary or
permanent);

M Mitigation techniques;

Switzerland voluntarily took part in the first
ENSREG Topical Peer Review (TPR) Process
which started in 2017 based on the EU Nu-
clear Safety Directive 2014/87/EURATOM.
This first Topical Peer Review was focused
on the overall ageing management pro-
grammes as well as some specific ageing
supervision programmes implemented in
Nuclear Power Plants (NPPs) and Research
Reactors (RRs) above 1 MWth (not relevant
for Switzerland). In the first phase of the re-
view, national self-assessments consisting
of a description and assessment of AMPs
were conducted and the results were docu-
mented in the National Assessment Reports
(NARs), published at the end of 2017. The sec-
ond phase started in January 2018 when the
National Assessment Reports were made
available for questions and commments from
stakeholders. The self-assessments, ques-
tions from stakeholders and the participat-
ing countries’ responses were discussed
during a one-week workshop in May 2018.
The identified generic and country-specific
findings on AMPs were compiled by ENS-
REG and published in October 2018 to pro-
vide input for national action plans. The TPR
report confirmed that the Swiss NPPs have
implemented effective AMPs. The TPR board
defined categories for the evaluation of dif-
ferent aspects within AMPs: “good practice”
(an aspect of ageing management which is
considered to go beyond what is required
in meeting the appropriate internation-
al standard), “good performance / TPR ex-
pected level of performance” (level of per-
formance that should be reached to ensure
consistent and acceptable management of
ageing throughout Europe), and “area for
improvement.” Inaddition, challengeswhich
are common to many or all countries were
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identified. Switzerland was issued a number
of good practices for:

B Application of a method for inspection,
monitoring and assessment of inaccessible
structures

W Use of hydrogen water chemistry and no-
ble metal injection in BWRs (NPP Leibstadt,
formerly also NPP MUhleberg) as a measure
to prevent or delay stress corrosion cracking

B External peerreview servicesto providein-
dependentadvice and assessment of licence
holders’ageing management programmes
Bl Performance checks on the behaviour of
new types of materials by inspection of orig-
inal material samples aged under realistic
operational conditions.

Anothersix aspectswere considered as good

performance:

M Participation ininternational projectsand
groups and use of existing international
databases

B Adaptation of AMPs during extended
shutdown

H Inspection of safety-related pipe penetra-
tionsthrough concrete structures

B Volumetricinspection of nickel base alloy
penetrations which are susceptible to
primary water stress corrosion cracking
(PWSCCQ)

B Non-destructive inspections of the RPV
base material

M Fatigue analyses taking into consider-
ation the environmental effect of the
coolant.

The following aspects were identified as are-
asforimprovement:

B Review of the scope of existing AMPs
against new IAEA requirements and updat-
ing if necessary

M Include non-safety-related inaccessible
pipework whose failure may impact SSCs
performing safety functionsin AMPs

W Application of opportunistic inspections
of inaccessible pipework when they become
accessible for other purposes.

In 2018, ENSI conducted a set of topical in-
spections on AMPs for inaccessible struc-
tures and piping in all of the Swiss NPPs.
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These inspections showed that most inac-
cessible areas are included in either AMPs
or maintenance programmes. Opportun-
istic inspections on inaccessible structures
and pipes have been carried out by some of
the NPPs and are planned for all of the Swiss
NPPs.

Toaddresstheresults of the TPR process and
the inspections conducted, a Swiss National
Action Plan was established and published
in 2019. The following actions have been de-
fined:

B Guideline ENSI-BO2 (Periodic Reporting
by the Nuclear Installations) will be revised.
The required content of the annual report-
ing will be defined more precisely in order
to obtain more consistent information from
the Swiss NPPs concerning the updated fact
sheets, the evaluation of international oper-
ating experience and the assessment of the
effectiveness of the opportunistic AMPs in
particular.

B Cuideline ENSI-BO1 (Ageing Manage-
ment) will be revised. Subsequently, the
scope of the AMPs and the approach for de-
termining which SSCs are to be reviewed to
ensure that they are consistent with the new
IAEA Safety Guide SSG-48.

B Requirements for the ageing manage-
ment of concealed pipework will be explicitly
addressed in the next revision of Guideline
ENSI-BO1. The requirements for the content
of fact sheets will be updated to include a
statement on safety-relevant concealed
pipework section for each system.

Guideline ENSI-B0O2 was revised in 2020
and issued in February 2021. The following
changeswere implemented:

B The way in which new or changed fact
sheets are to be documented has been clar-
ified.

B The information sources that are to be
used as a minimum for the evaluation of ex-
ternal operating experience have been de-
fined.

B The topics to be evaluated as part of the
monitoring of the state of art in science and
technology have been expanded with a fo-
cuson long-term plant operation.
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H The evaluation of the effectiveness of the
ageing management programme is to be
assessed on the basis of the trend of findings
from maintenance over a period of several
years.

The revision of Guideline ENSI-BO1 has be-
gun and will be completed by no later than
the end of 2023.

Arrangements for internal review
by the licence holder of safety
cases to be submitted to the
regulatory body

Reporting

Article 37 and Annex 5 of the Nuclear Ener-
gy Ordinance specify the periodic reports to
be submitted to the regulatory body in or-
der to assess the status and operation of the
facility. Article 38 and Annex 6 address the
reporting of planned activities, events and
findings of relevance to safety. Article 39 gov-
erns the reporting obligations in the area of
security. The Nuclear Energy Ordinance de-
fines the detailed requirements in terms of
the content of the report to ENSI. These as-
pects are covered in Guidelines ENSI-BO2
and ENSI-B03, both of which came into force
in 2009 and were updated in 2021. Guide-
line ENSI-B02 deals with periodic reporting,
e.g. monthly reports, annual safety reports
and outage reports. Guideline ENSI-B0O3 ad-
dresses the reporting of planned activities,
events and findings of relevance to safety.
Data relating to general plant performance,
including radiological characteristics and
plant modifications for which a permit is
not required, must be reported periodically
(monthly or yearly). However, events such as
equipment failures, scrams and the failure of
mandatory tests must be reported immedi-
ately or at the latest within 24 h where they
relate to nuclear safety aspects (see Annex 6
ofthe Nuclear Energy Ordinance).

The licence holder also must review infor-
mation on international events available
through various channels such as WANO,
IAEA and supplier information letters. The
insights gained from these reviews must be
reported on a monthly basis. A set of safe-
ty indicators has been defined and the raw

data for these indicators must be included in
the monthly reports.

Reports by licence holders may trigger reg-
ulatory requirements or recommendations
for improvement. ENSI also reviews infor-
mation from international events as well as
insights from safety research. Those reviews
may also trigger regulatory action and, if ap-
propriate, requirements or recommenda-
tionstothelicence holder.

Quality requirements concerning the in-
ternal review by the licence holder of safety
casesto be submitted to the regulatory body
(e.g. by means of independent verification)
aredefinedin ENSI-GO7.

Regulatory review and control
activities

Integrated Oversight: ENSI's Annual
Systematic Safety Assessment

Under ENSI'sintegrated oversight approach,
all aspects of relevance to nuclear safety are
integratedintoasingle comprehensive over-
sight strategy. The aim is twofold: firstly, ENSI
must ensure it has sufficient information
on the design, state and effectiveness of all
safety provisions so that it can provide a real-
istic assessment of the safety of each nucle-
ar installation. Secondly, ENSI must ensure it
takes adequate and effective measures after
detecting a weakness in a safety provision.
Every assessment and action must be justi-
fied and traceable.

To obtain a realistic picture of the safety of
eachinstallation, ENSI operates a systematic
safety assessment system. Firstly, safety in-
formation is structured based on the follow-
ing key issues:
M requirements subdivided into design
and operational requirements;
B operating experience subdivided into
the state and behaviour of the plant,
and human and organisational factors.
B Secondly, information is structured based
on the following safety objectives:
M safety functions;
M levels of defence in depth and barrier
integrity.
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For each NPP, data is collected as shown in
Table 3and Table 4.
Inspection findings, operator licensing re-
sults, event analysis results, safety-indicator
data and information in the periodic licence
holder reports are evaluated annually as part
of the integrated oversight process.
Each finding identified during an inspection
isassigned to one or more cellsin each table
(defence in depth and fundamental safety
function). The same process is used for the
event analysis results, and each direct or in-
direct cause along with each safety-relevant
effect is detailed. Finally, operator licensing
results and the safety indicator assessments
are given.
Findings are rated on a scale based on the
International Nuclear Event Scale (INES). The
scale is designed to assess all levels of safety
performance ranging from good practice to
a severe accident on an identical scale. The
categories are defined as follows:
B Category G: Good practice —All require-
ments are fulfilled and the practice of
other NPPs s clearly exceeded.

B Category N: Normality — All requirements
are fulfilled

B Category V: Need for Improvement -
deviations from requirements in docu-
ments not requiring formal authorisation
by ENSI fall into this category

B Category A: Deviation —deviationsfrom
normal operation within operational
limits and conditions or deviations from
alaw, anordinance, aninspection
requirement or from occupational safety
regulationsthat could be relevant to
nuclear safety.

M Categories1to 7: Rating based onthe
INES Manual

Categories V and A correspond to INES O.
Findings from inspections rated INES 1 or
higher are classified as events. Findings rat-
ed A are checked to decide whether they
must be classified as events. Any finding in
category V or higher requires action.

Inspection data, operator licensing data,
event-analysis data, safety-indicator data
and the periodic licence holder report data

Table 3:

Safety Assessment
Table - Defence in
Depth

Table 4:

Safety Assessment
Table - Safety Func-
tions
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are entered in a database. A software tool al-
lows the display of safety assessment data
and it is possible to display the ratings in
a table for any period and any installation.
Each rating is linked to a source document.
The ratings for each NPP are evaluated an-
nually. The result of this evaluation influenc-
es the focus of future inspections. Insights
gained from the annual safety assessment of
each plantareincluded intheannual regula-
tory oversight report published by ENSI.

Developments and Conclusions
Switzerland complies with the obligations of
Article 14.
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Article 15 - Radiation protection

Each Contracting Party shall take the
appropriate stepsto ensure thatin all
operational states the radiation exposure
to the workers and the public caused by
a nuclear installation shall be kept as low
as reasonably achievable and that no
individual shall be exposed to radiation
doses which exceed prescribed national
dose limits.

Overview of the Contracting
Party’s arrangements

and regulatory requirements
concerning radiation protection

at nuclear installations,

including applicable laws not
mentioned under Article 7

The Radiological Protection Act came into
force in 1994. Based on the recommenda-
tions of the International Commission on
Radiological Protection (ICRP) (e.g. Publi-
cation No. 103), the Radiological Protection
Ordinance was totally revised and came into
force in 2018. The Ordinance's contents are
arranged according to the recommended
layout into planned, emergency, and exist-
ing exposure situations. Relevant changes,
amongst others, were the distinctions be-
tween dose factors for infants (1y), children
(10 y) and adults as well as dose factors for
irradiation from airborne plume and the
ground. The objective of the latest revision
of the Ordinance was to achieve compatibil-
ity with the new European Safety Directive,
2013/59/EURATOM of 5 December 2013, and
the IAEA Basic Safety Standard, GSR Part 3 of
July 2014.

The Radiological Protection Act specifies the
roles, functions, and duties of participating
parties or personnel e.g. the licence holder,
the licensing authority, the regulatory au-
thority as well as the radiation protection ex-
perts appointed by the licence holder.

In addition to the Radiological Protection Or-
dinance, the following ordinances relevant
for nuclear installationswere also revised and
enacted in 2018:

W Ordinance on Personal and Environmen-
tal Dosimetry (Dosimetry Ordinance)

B Ordinance on Education and Training
in Radiological Protection (Radiological
Protection Education Ordinance)

B Ordinance on the Handling of Radio-
active Materials

B Ordinance on Radiological Protection
in non-medical installations for the
production of ionising radiation

B Ordinance on Measuring Equipment for
lonising Radiation

The new Guideline ENSI-G12 “Nuclear Facility
internal Radiation Protection Measures” was
enacted on 1 November 2021. It comprises all
aspects regarding the radiation protection
objectives “source term reduction”, “contain-
ment of radioactivity using barriers in the
radiological controlled area”, “limiting and
optimisation of external exposure” as well as
“prevention of radionuclide incorporation
and contamination of personnel”. Guideline
ENSI-G12 replaces the guideline HSK-R-07,
enacted in 1995, and specifies the Radiation
Protection Ordinance for application in nu-
clear facilities.

ENSI has revised or is in the process of revis-
ing and adapting all of its other guidelines
relevant for radiation protection:

B ENSI-B0O4: Clearance of materials and
zones from controlled areas (revised and is-
sued in November 2018);

B ENSI-B09: Determining and reporting
of doses from occupationally radiation-ex-
posed personnel (revised and issued in July
2018);

B ENSI-G13: Radiation protection measur-
ing instruments in nuclear facilities, basic
concepts,standardsandtesting (revised and
issued inJuly 2018);

B ENSI-G14: Calculation of the radiation ex-
posure in the vicinity of nuclear installations
duetoemissions of radioactive materials (re-

vision started 2019 and is ongoing);
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B ENSI-G15: Radiation protection objectives
of nuclear installations (revision started 2021
andisongoing).

Regulatory expectations for

the licence holder’s processes

to optimise radiation doses

and to implement the “as low as
reasonably achievable” (ALARA)
principle

In addition to the main radiation protection
objectives, the new Guideline ENSI-G12 con-
tains detailed requirements about the im-
plementation of justification, limitation and
optimisation in radiation protection.

To verify the justification of the risk of expo-
sure caused by a proposed activity/work,
the responsible person has to check at the
beginning of the planning process whether
the activity/work is part of the scope of the
licensed object, such as the operation of an
NPP to produce power including its main-
tenance as well as all activities ensuring nu-
clear safety and security. In the event that
the proposed activity is not connected to a
licence, the justification must be presented
when applying for an additional licence.

In order to ensure compliance with the an-
nual dose limits for all persons on the site of
a nuclear installation, the licence holder or
appointed radiation protection experts must
set up several dose constraints (for particu-
lar individuals or for groups, different facili-
ties, different periods,and different activities)
and consider optimised RP provisions when
adding up all job doses/daily doses. These
dose constraints may be expressed in terms
of annual dose planning targets, dose quo-
ta (for working in different facilities or during
different periods), collective dose planning
targets,and individual job dose planning tar-
gets, daily dose limits etc.

The most important tool for the implemen-
tation of ALARA is the establishment and
ongoing development of a radiation protec-
tion planning process and its consistent ap-
plication by experienced RP staff. Therefore,

Guideline ENSI-G12 requires the inclusion of
an RP planning process in the radiation pro-
tection programme, and furthermore, it has
to be incorporated in the management sys-
tem of the nuclear installation.
In its Publication 75, the ICRP recommends
the use of operationaldose constraints based
ongood practice together with optimisation.
Analogously, Guideline ENSI-G12 requires an
NPP todetermine an optimisation step with-
in the radiation protection planning process
by checking whether additional orimproved
RP measures may be taken to reduce the
ALARA doses based on:
B empirical values from comparable activi-
tiesinitsown orin acomparable facility;
B the current radiological situation;
B international operating experience;
resulting in the determination of dose plan-
ning objectives (e.g. maximum individual
doses or collective job doses) for the respec-
tive planned activities.

Implementation of radiation
protection programmes by

the licence holders

The Nuclear Energy Ordinance requires the
implementation of a radiation protection
regulation by the licence holder, which ac-
cording to IAEA GSR 3 Requirement 24 may
be called a radiation protection programme.
The regulation/programme has to regu-
late all procedures relevant for covering
the duties of the operating licence holder
in respect of radiation protection. Guide-
line ENSI-G0O9 comprises further and more
detailed requirements about the radiation
protection programme. In addition to being
the guideline for radiation protection plan-
ning, ENSI-GO9 specifies a total of 26 differ-
ent duties in RP that must be transformed
into procedures. In particular, duties such as
the measurement of radioactivity released
into the atmosphere and the protection of
personnel working in the controlled area of
a nuclear installation. The implementation
as well as each modification of the radiation
protection programme must be checked
and permitted by ENSI.
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Article 15

Observation of dose limits and
main results for doses to exposed
workers Dose limits

The Radiological Protection Ordinance limits
the general maximum individual total dose
for NPP personnel (plant personneland con-
tractors) to 20 mSv per year.

The cause of the collective dose value peaks
in Figure 6 are explained as extraordinary
projects as described in Figure 6. With the
enactment of the first Radiation Protection
Ordinance in 1994 the Swiss nuclear facilities
implemented the principle of optimisation,
aswell as lower dose limits.

The total number of plant personnel and
contractors occupationally exposed to ion-
ising radiation in all Swiss nuclear facilities is
around 6000. The annual collective doses of
the last 20 years are presented in Figure 6.

Figure 6: Annual collective dose from 1969 to 2021

first issue of RPO

Annual collective doses for the personnel in Swiss NPPs, the Central Interim Storage Facility (ZZL)
and the research institute PSI. All peaks relate to extraordinary work performed.
(note: the Beznau NPP consists of two units, both located on the same site)

Il KKBI+11 KKG KKL KKM PSI ZZL
damaged fuel element replacement at NPP Beznau 1

steam generators antivibration system installation NPP Beznau1&2
cooling circuit replacement NPP Mihleberg

steam generators maintenance NPP Beznau

steam generators replacement NPP Beznau 1

steam generators replacement NPP Beznau 2

extensive revision and generator replacement NPP Leibstadt

I 0O mMmm Qg o w >

tests in drywell, control-rod maintenance and operations in reactor pool

replacement of safety valves in the pressuriser NPP Gésgen
N5-noozle repair NPP Leibstadt

reactor pressure vessel closure heads replacement NPP Beznau1&2
preparatory work on cooling circuit replacement NPP Leibstadt

extensive non-destructive tests on the primary system NPP Leibstadt
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cooling circuit replacement NPP Leibstadt
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Processes implemented and steps
taken to ensure that radiation
exposures are kept aslow as
reasonably achievable for all
operational and maintenance
activities

Over the years, more and more NPP-specific
measures have been taken to keep radiation
exposure, resulting from the operation and
maintenance of NPPs, as low as reasonably
achievable.In1994 the new annual dose limit
for individuals of 20 mSv per year was intro-
duced. This limit was exceeded only during
two incidents: in Beznau NPP | in 2009 and
in Leibstadt NPP in 2010. In both cases, the
individual doses did not exceed 50 mSv. The
lessons learned from these incidents were
used to improve and to enhance the radia-
tion protection measures, which helped to
prevent a repetition of such exposure situ-
ations. The mean individual doses for plant
personnel and contractors show a stable
evolution in all NPPs over the past few years.
The significant dose reducing efforts made
particularly between 1988 and 1995 are of
note. Since 2013, extended maintenance
works have caused a slight increase in the
annual collective doses as well as the mean
individual doses measured in Leibstadt NPP
as a result of extended maintenance works
in spite of further optimisation having been
carried out. Theincrease in the mean individ-
ualdosesin Beznau NPP can be explained by
the extended outage periods of both units, in
which various projects supported by numer-
ous contractors were performed on site.

The most significant dose reduction meas-
ures implemented in Swiss NPPs during the
last years, are compiled in Table 5.

Regulatory review and control
activities

As mentioned above, ENSI reviews the radia-
tion protection planning process of the NPPs
as a part of its regulatory duties. Additional-
ly, the licence holder, represented by the ap-
pointed radiation protection expert, must
submit the radiation protection plan for a
pending outage to ENSI in advance of the
outage. The plan must comprise a descrip-

tion by the expert of the intended radiation
protection measures and optimisation are-
as and must report the planned dose objec-
tives.

The most important part of inspections con-
cerning radiation protection are focused
on the outage phases of each NPP. Usually,
these inspections are planned several weeks
in advance, based on the radiation protec-
tion plans provided by the plant. Other rou-
tine inspections are performed during op-
eration in addition to specific inspections
focused on special topics, such as source
term reduction, contamination barriers, pro-
visions implemented to limit and optimise
external doses, protective measures to pre-
vent committed doses, radiation monitor-
ing instrumentation, dosimetry, resources /
presence of radiation protection staff etc.
Additionally, ENSIreviews all periodic reports
of the NPPs relating to radiation protection
measures. ENSl operatesacomputerised da-
tabase containing radiological and chemical
plant data provided monthly by the licence
holders.

Conditions for the release of
radioactive material to the
environment, environmental
monitoring and main results

The Ordinance on Radiological Protection
setsthe dose limit for members of the public
atanannual effective dose of 1mSv. The sum
of the doses due to radioactive emissions
into the atmosphere, discharges into water
and direct radiation from any nuclear site
shall not exceed a source-related dose con-
straint, which is set in Guideline ENSI-C15 at
0.3 mSv per year per person. The dose guide
value for direct radiation is set at 0.1 mSv per
year per person inthe same guideline.

With regard to design-basis accidents (po-
tential exposure situations), the Swiss leg-
islation (RPO and NEO) sets a series of dose
criteriaforthe public.In particular the licence
holder must demonstrate by means of acci-
dent analyses with an environmental dis-
persion calculation, that for failures with an
occurrence probability greater than 1E-2 per
year the maximum dose to the public does
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Main dose reduction measures

M reducing fixation of colloids on primary system surfaces by mechanical
and chemical treatment of internal surfaces

B use of improved water chemistry to prevent corrosion

M replacing of components with «Stellite» parts by components made from
a cobalt-free alloy

Bl feeding Zn-64-depleted zinc into the primary water to prevent
the adsorption of Co-nuclides in the corrosion layer in PWRs

MW introducing online noble chemistry (OLNC) for primary water operation
mode resulting in a reduction of the dose rates of the recirculation pipes
in BWRs

M stopping the addition of hydrogen to the primary water system a few
hours before the reactor is shut down for its outage resulting in corrosion
of the top layer for the easy elimination of radionuclides in this layer during
the subsequent cleaning procedure

B using soft shutdown and optimised RHR operation during refuelling
outage

M consideration of foreign material exclusion during all work on open
primary cooling systems

B chemical decontamination of contaminated systems or components,
such as reactor coolant pumps, as required and where possible

Containment of radioactivity

M introduction of highly compartmentalised buildings containing
the radiological controlled area

W use of temporary covers such as plastic sheets

M covering of unsealed radioactive material by water in pools

M avoiding the spread of air contamination by use of mobile ventilation
systems with suitable filters

Limiting and optimisation
of external exposure

M establishing low dose rate areas (< 0.005 mSv/h) for personnel inside
the radiological controlled area who are not required for the work steps

M installing of temporary lead shields or water bags in frequently entered
areas with high dose rates

M constructing highly compartmentalised radiological controlled areas
with compartments made out of concrete.

M use of wireless dosimeters/teledosimetry for special kinds of work
in order to monitor and control the dose and dose rate online

B use of remote tools for primary system inspections

W development and use of permanent racks for supporting removable
lead shielding

W introduction of job dosimetry (bar code) with online follow up

MW use of individual dosimeters with acoustic dose and dose rate warnings
in conjunction with further optimisation measures such as maximisation
of the distance to radiological sources

M replacing of the old isolation system with new isolation cassettes on
the primary coolant pipes to minimise the time taken for dismantling
and assembly.

M introduction of highly compartmentalised building containment
with compartments made out of concrete

Bl extensive mock-up training to avoid or reduce time consuming work
steps

M intensive supervision of high-dose or high-risk work on site

B planning of work taking into account reasonable system conditions
(filled pipes or compounds, closed systems etc.) to use the shielding
capability of water or construction material

Bl reducing the number of operator walk-downs in steam-affected areas
by using extensive camera systems in the turbine building

Prevention of radionuclide incorporation
and contamination of personnel

W use of remote tools for inspections in highly contaminated areas.

M adjusting shut-down procedures on an individual basis to match
the current activity of the primary coolant water, e.g. limitation of
the number of personnel during lifting of the vessel head.

Management measures related
to radiation protection objectives

B improving training and motivating of personnel

B implementation of a radiation protection planning procedure for jobs
involving collective radiation exposure > 10 man-mSv including radio-
logical risk analyses, setting up job specific radiation protection measures
and monitoring, improvement of workflow for infrequent or high dose
tasks/work.

M daily follow-up of selected job-specific actual collective doses vs. planning
doses resulting in additional or improved measures

B daily follow-up of total individual doses vs. planning including interven-
tions if necessary to adhere to the NPP-internal dose constraint of 10 mSv
p.a.for workers.

B use of wireless telephone set with noise cancelling capability for work
in noisy areas to improve communication

Table 5:

Main dose reduction
measures in Swiss
NPPs.
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not exceed 0.3 mSv per year, for failures with
an occurrence probability greater than 1E-4
peryear (butlessthan1E-2 peryear) the max-
imum dose to the public does not exceed
1mSyv peryear, for failureswith an occurrence
probability greater than 1E-6 per year (but
less than 1E-4 per year) the maximum dose
to the public does not exceed 100 mSv per
year.

The discharge limits are fixed in the operat-
ing licence of each facility; they correspond
to the source-related dose constraint of
0.3 mSv per year per person. The concentra-
tion of radioactive substances (in terms of a
nuclide-specific weighted sum) within dis-
charges into water are further constrained
with reference to immission limits set in the
RPO.

Emission monitoring to assure the compli-
ance with the relevant Articles 111 to 116 of
the RPO and emission limits stipulated in
the operating licence (or a specific licence
for the emission of radioactive substances)
is carried out by the licensees. The processes
for controlling the radioactive discharges by
the licensees are verified by the relevant au-
thorities (i.e. ENSI and FOPH) by inspections
(accountancy inspections,inspections of dis-
charge instrumentation in the installations)
and measurements of random samples of
discharges from the installations. The result
of the annual dose evaluations by ENSI are
published in the annual reports on radiolog-
ical protection by ENSIland, according to Art.
194 RPO, inthe annual report of the FOPH on
the surveillance of radioactivity in the envi-
ronment. The emission results are published
in annual reports of ENSI. Asummary of the
results of the nationwide environmental
radiological surveillance is also published in
the annual report of the FOPH.

The methodology for estimating a dose is
laid down in Guideline ENSI-G14. The mod-
elsand parameters used in thisguideline are
taken or derived from international guide-
lines (e.g. IAEA, ICRP) or regulations from
neighbouring countries (e.g. the German
administrative regulation “Allgemeine Ver-
waltungsvorschrift”).

The dose calculations are performed for a
virtual individual who lives and works at the
place with the highest total dose resulting
from the considered pathways. The follow-
ing pathways are considered: immersion
from the plume, inhalation, ground radia-
tion and ingestion of fruits, vegetables, milk,
meat, fish, and drinking water from the river
downstream of the facility. It isassumed that
the consumed food (fruits, vegetables, milk
and meat) is produced locally. It is further
assumed that the fish and all the drinking
water are taken from the river downstream
of the given facility.

Contributions due to annual releases have
been below 0.01 mSv per year for all Swiss
NPPs since 2015. Thisis shown in figure 7.

Doses due to direct radiation have always
been below 0.1 mSv per year for all Swiss
NPPs. To conclude, the data show that the
sum of the annual dose caused by direct
radiation and emissions has always been be-
low the source-related dose constraint.

In all Swiss NPPs, the contaminated waste
water is collected and treated in batches.
However, each plant applies customised re-
duction techniques for the treatment of this
waste water. In Beznau NPP, the radioactiv-
ity in the waste water is reduced by nanofil-
tration and/or, if necessary, chemical pre-
cipitation. In Gésgen NPP, an evaporation
technique is used to reduce the amount of
contaminated waste water and produce a
concentrated slurry. Leibstadt NPP employs
a centrifugation or evaporation technique
sometimes combined with ion-exchange to
treat their contaminated waste water, while
MuUhleberg NPP appliesfiltration and ion ex-
change methods aswell as evaporation.
Three of the Swiss NPPs, Gdsgen, Leibstadt
and MUhleberg, have conventional off-gas
treatment systems, which consist of catalyt-
ic recombiners, off-gas condensers, hold-up
lines, activated carbon filter columns, HEPA
filters and off-gas pumps. Beznau NPP has
a slightly different system, which works with
three pressurised hold-up-tanks and a vol-
ume compensation tank within a chemical
and volume control system. Each NPP has
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Figure 7: Doses calculated based on annual emissions

— N /\

Doses calculated based on annual emissions from the Swiss NPPs and the Central Interim Storage
Facility (ZZL) without the contribution of direct radiation. The annual doses are calculated for

a virtual most exposed group of the population, including the exposure due to deposition from
former years. The source-related dose constraint of 0.2 mSv/year (the dose constraint of 0.1 mSv/
year from direct radiation has been subtracted) is also shown. Values below 0.001 mSv per year are

shown at the level of 0.001 mSv per year.

I Beznaul +1INPP Leibstadt NPP

Gosgen NPP Mihleberg NPP

Il Central Interim Storage for Nuclear Waste (ZZL)

Source-ralated dose constraint

formulated site-specific targets for liquid
and gaseous discharges with the intention
of keeping doses as low as possible — and
well below the statutory limits for members
of the public by use of reasonable, justifiable
effort.

The NEO requires a periodic safety review to
be performed by the licence holder of a nu-
clear power plant every ten years. Within the
framework of these periodic safety reviews,
thelicence holder must assessthe liquidand
gaseous discharges and benchmark them
against the corresponding discharges from
similar European reactors. Should its own
discharges exceed the benchmark, the li-
cence holder must analyse the causes and
suggest proportionate means of reduction.
As the nuclear regulatory body, ENSI per-
forms a safety evaluation of the licence hold-
er's periodic safety reviews and addresses
the adequacy of the adopted measures. As
a result of these evaluations, a site-specific
target of 1GBg/year for liquid discharge (ex-
cluding tritium) was introduced for Beznau
and Muhleberg NPPs as a requirement of

the licensing authority. Subsequently, Bez-

nau NPP introduced nanofiltration in 2007
while MUhleberg NPP installed an evapora-
tor, which eventually lead to releases below

thetargetvalue.

Environmental radiological
surveillance

The Radiological Protection Act establishes
the legal basis for the radiological surveil-
lance of the environment. More detailed re-
quirementsare laid down in the Radiological
Protection Ordinance and in the Ordinance
on Contaminants. The discharge and envi-
ronment monitoring regulations issued by
ENSI are based on the above-mentioned
legislation. These regulations include con-
straints on the control of discharges, as well
asacomplete programme of environmental
monitoring of radioactivity and direct radia-
tion in the vicinity of the facility that is to be
performed by the licence holder.

According to Art.191 RPO, the FOPH is re-
sponsible for the monitoring of ionising radi-
ation and radioactivity in the environmentin
Switzerland. ENSl additionally monitor ionis-
ing radiation and radioactivity in the vicinity
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of nuclear facilities. For nuclear facilities, the
environmental monitoring program is es-
tablished by ENSI in cooperation with the
FOPH and is stipulated together with the
discharges limits in the specific regulation
mentioned above. According to Art. 194 RPO,
the results of environmental monitoring in
the vicinity of the NPPs are published in the
annual report of the FOPH, together with all
the results obtained in the framework of the
generalenvironmental radiological monitor-
ing program.

Following art. 17 of the RPA and art. 191 ff. of
the RPO, environmental monitoring of radi-
oactivity is mainly performed by the FOPH,
with additional monitoring capabilities from
ENSI in the vicinity of NPPs (MADUK, see
Art 16). National authorities (FOPH/ENSI)
with the assistance of national other federal
laboratories (in particular PSI, Swiss Federal
Institute of Aquatic Science and Technolo-
gy, Spiez Laboratory) are required to coop-
erate to the monitoring programm. IRA, the
Institute of Radiation Physics in Lausanne
(with a laboratory accredited according to
ISO17025-17020) also provides technical ser-
vicesforenvironmental monitoring. Cantons
monitor radioactivity in foodstuffs and in
articles of daily use (art.191(4) RPO).

Developments and Conclusion
Switzerland complies with the obligations of
Article15.
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Article 16 - Emergency Preparedness

Clause 1: Each Contracting Party shall take
the appropriate steps to ensure that there
are on-site and off-site emergency plans
that are routinely tested for nuclear instal-
lations and cover the activities to be carried
outinthe event of an emergency. For any
new nuclear installation, such plans shall
be prepared and tested before it com-
mences operation above a low power level
agreed by the regulatory body.

Prior to the start-up of a new NPP, emergen-
cy plans must be established and approved
by ENSI. The general requirements for emer-
gency preparedness are based on the fol-
lowing acts, ordinances, ENSI guidelinesand
concepts:

Acts
B Nuclear Energy Act;
W Radiological Protection Act.

Ordinances

B Nuclear Energy Ordinance;

W Radiological Protection Ordinance;

B Ordinance on Emergency Preparedness
inthe Vicinity of Nuclear Installations
(Emergency Preparedness Ordinance);

B Ordinance on the Federal Civil Protection
Crisis Management Board

B Ordinance on lodine Prophylactics
inthe Case of a Nuclear Accident;

B Ordinance on Civil Protection

B Ordinance on Maximum Levels
for Contaminants.

Guidelines

B Emergency exercises (Guideline ENSI-B11)

B Emergency preparednessin nuclear
installations (CGuideline ENSI-B12)

B Organisation of nuclear installations
(Guideline ENSI-GO7)

Concepts

B Emergency protection conceptin case
of a nuclear power plant accident
in Switzerland, Federal Office for Civil
Protection FOCP (2015).

B National Planning and Measures
Concept: Large-scale evacuation in case
ofa nuclear power plant accident (2016)

A working group was set up by the Feder-
al Council (IDA NOMEX)™" in May 2011 to re-
view emergency preparedness measures in
case of extreme events in Switzerland. The
group’s report “Review of Emergency Pre-
paredness Measures in Switzerland”, which
is available on ENSI's website (www.ensi.ch),
was adopted by the Federal Council in July
2012 and describes a series of organisational
and legislative measures which have proven
to be necessary as a result of the conducted
review. As a consequence of IDANOMEX, the
legal basis, as well as concepts pertinent to
emergency preparedness and response,
were revised. The scenario used for emer-
gency planning purposes is characterised by
an unfiltered source term.

Following a recommendation from the
IRRS mission in November 2011, ENSI has in-
troduced an IAEA-compatible emergency
classification system, extended the scope of
inspections with regard to emergency pre-
paredness and response at the NPP sites
and improved the redundancy of emergen-
cy communication means. A national nucle-
ar and radiation emergency plan is still to be
finalised under the lead of the Federal Office
for Civil Protection (FOCP).

" The Interdepartmental Working Group to Review Emergency Preparedness Measures
in case of Extreme Events in Switzerland. In German «Interdepartementalen Arbeitsgruppe
zur Uberpriifung der Notfallschutzmassnahmen bei Extremereignissen in der Schweiz»
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On-site emergency organisation

Each NPP has plant-specific documents on

emergency preparedness, which includethe

following:

M operating procedures for abnormal
situations

B emergency operating procedures

M severe accident management guidance
(SAMG)

M procedures for reporting to ENSland
tothe National Emergency Operations
Centre

W procedure for reporting to the cantonal
police on fast-evolving accidents

The emergency preparedness regulations
of the NPP must be approved and grant-
ed a permit by ENSI. Additional emergency
preparedness documentation is regularly
reviewed.

SAMG programmes have been implement-
ed at all Swiss NPPs: all plants have appropri-
ate validated guidance for the mitigation of
severe accidents during full power operation
and for low power or shut down conditions.
They are validated based on emergency ex-
ercisesthat ENSl attendsasan observerin its
role as safety oversight authority. Strategies
to cope with Total Station Blackout (T-SBO)
scenarios have been extended. As a result,
additional equipment has been installed
or stored on the plant sites and the existing
accident management procedures have
been adapted.

Since June 2011, extra equipment has been
stored at the Reitnau centralised storage
facility. Adequate resources such as diesel
motor driven pumps, diesel generators, hos-
es, cables, borating agents, toolsand person-
al protective equipment should be available
from Reitnau within eight hours of request.
For situations where transport to the NPP by
road is not possible, the material transport
will be carried out by the Swiss Air Force us-
ing helicopters. The operators test the severe
accident equipment stored at Reitnau on a
regular basisand during their periodicemer-
gency exercises.

As a result of the transition from analogue to
digital communication, former fax commu-

nication has been replaced by email com-
munication. Most emergency partners have
also acquired satellite phones. In addition,
an encrypted digital security radio system
is also available for use. These commmunica-
tion systems are regularly tested. As the IDA
NOMEX report emphasised the importance
of redundant and failsafe communication
systems, the requirements on redundancy
and safety against failure of such systems
have been reviewed and defined by the
FOCP. Such requirements were also defined
by ENSI for monitoring (plant parameters
and environmental dose rate measurement
data) and forecasting systems.

AlIINPPs are able to relocate emergency staff
to one of several external emergency facili-
ties.

Off-site emergency organisation

Off-site emergency organisation is based
on resources built up as part of the gener-
al protection concept developed for the
Swiss population as a whole. They consist of
a well-developed shelter infrastructure and
well-trained troops for fire and disaster in-
tervention. The emergency preparedness
for events in Swiss nuclear installations in
which a considerable release of radioactiv-
ity cannot be excluded is regulated under
the Emergency Preparedness Ordinance.
In the event of a radiological emergency, the
Federal Civil Protection Crisis Management
Board co-ordinates the response of all in-
volved federal offices (ministries) including
the civil and military support at federal and
regional levels.

The Federal Civil Protection Crisis Manage-
ment Board, whose legal basisislaid downin
the corresponding Ordinance, is responsible
for suggesting appropriate measures to the
Federal Council (government), whichthenis-
sues the associated instructions to cantonal
authorities and the general population. The
Federal Civil Protection Crisis Management
Board runs a stand-by emergency service,
the National Emergency Operations Center
(NEOC), whichis responsible for alerting and
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informing the public, and for initiating pro-
tective actions during the initial phase of an
emergency.

The major organisations involved in emer-
gency preparedness have the following
responsibilities:

B NPPs are responsible for detecting and
assessing an accident, for implementing
on-site countermeasures to control it and for
disseminating information immediately and
continuously to the relevant off-site author-
ities. According to the Emergency Prepar-
edness Ordinance, the NPPs are further re-
sponsible for the timely determination of the
source term and its communication to ENSI.
M ENSI is responsible for judging the ade-
quacy of on-site countermeasures imple-
mented by NPP staff. It makes predictions
about the possible dispersion of radioactivity
in the environment and about the conse-
guences of such dispersion using JRODOS
(Java-based Real-time online decision sup-
port system) in combination with LASAT
(Lagrangian Simulation of Aerosol Trans-
port) as the dispersion engine, along with
forecast meteorological data. ENSI operates
a redundant system at its alternative emer-
gency premises, thus ensuring a full redun-
dancy. Yet another JRODOS system is oper-
ated at the National Emergency Operations
Centre. The ANPA system provides ENSIwith
online access to measurement data of about
25 important plant parameters. ENSI uses
special software —the Accident Diagnostics,
Analysisand Managementsystem, ADAM, to
visualise these measurements, to diagnose
the state of the plantand to simulate how an
accident may develop. Furthermore, ADAM
includes a module called STEP (Source Term
Estimation Program), which allows a source
term estimation taking into consideration
actual plant parameters. ENSI advises the
NEOC and the Federal Civil Protection Crisis
Management Board in ordering protective
actions for the population. In addition,an au-
tomatic dose rate monitoring and emergen-
cy response data system (MADUK) has been
installed in the surroundings of all NPPs in
Switzerland. The system monitors dose rates
continuously at12to17 locationsin the vicini-
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ty ofeach NPP.The dataistransmitted online
to ENSI (alternatively also by satellite com-
munication) and the National Emergency
Operations Centre. The Ministry of the Envi-
ronment of Baden-Wurttemberg (Germany)
receivesonline data from the dose rate mon-
itors in the vicinity of the Beznau NPP and
Leibstadt NPP. All data is available on ENSI's
website (www.ensi.ch). For further informa-
tion, please refer to Article 15. A second auto-
matic network (NADAM) monitors the exter-
nal dose rate on national territory. The datais
available on the NEOC's website. Every hour
Switzerland transmits the mean values of
the last hour ofall stationsto EURDEP, which
are then transmitted to IRMIS.

B NEOC is responsible for triggering the
deployment of the Federal Civil Protection
Crisis Management Board, which has the
task of preparing the decisions to be taken
by the Federal Council on protective actions
following the initial phase of an emergency
duringanaccident. The NEOC is also respon-
sible for the overall assessment of an emer-
gency situation and for the transmission of
warningstothe cantonaland federalauthor-
ities. It must decide on initial protective ac-
tions to protect the population and to trans-
mitalarms (sirens) togetherwithinstructions
regarding behaviour that are disseminated
by radio broadcast. The NEOC is responsible
for coordinating measurement teams, data
processing and evaluation, assessing the ra-
diological situation and sharing these results
and other emergency-related information
with all the relevant response organisations
on a secured electronic platform. It is also
responsible for information exchange and
communicating with international partners
(neighbouring countries and international
organisations).

B The Federal Civil Protection Crisis Man-
agement Board is responsible for coopera-
tionduring eventsrelevant to civil protection
on a national level, and the coordination of
operations. The Federal Civil Protection Crisis
Management Board has a committee and
a permanent staff unit. The members of the
Board arethedirectorsand chiefsofall major
federal offices, amongst others the Director
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of the FOPH, the Director of the FOCP, the
Chief of the Swiss Army Command Staff,
the Director of ENSI and representatives of
cantonal government conferences. Within
their area of responsibility, they take the nec-
essary precautions for coping with radiologi-
calemergency events.

B The cantonal and communal authorities
are responsible for preparing and executing
protective actions for the public. Since 2018
the responsibilities for cantonal and com-
munal authorities have been more precisely
described in the updated Emergency Pre-
paredness Ordinance.

B The Swiss Armed Forces Pharmacy pro-
curesiodinetablets for the whole population
in Switzerland. It willensure that the required
number ofiodine tabletsis made available to
the authorities who are responsible for the
pre-distribution. It also ensures additional
storage in drugstores and pharmacies.

B The canton where the NPP is located is
responsible for informing its citizens of the
potential consequences of an accident in a
facility and providing advice on how to re-
spond inanemergency.

In the event of an accident, information is
disseminated to the media by the above au-
thorities in line with their individual respon-
sibilities.

Emergency planning zones

According to the Emergency Preparedness
Ordinance each NPP in Switzerland has two
distinct emergency planning zones:

B Zonelisthe area around an NPP in which
there could be acute danger to the publicin
the event of an accident and for which im-
mediate protective actions are required.
Depending on the NPP's power rating and
the exhaust height of its vent stack, Zone 1
covers aradius of about 3-5 km.

M Zone 2 adjoins Zone 1 and encloses an
areawith anouter radius of about 20 km.The
public can be alerted in individual sectors as
appropriate.

The area outside Zones1and 2 encompasses
the rest of Switzerland. As a basis for the plan-

ning and preparation of specific measures,
so-called planning areas can be defined.
The sectors and outer borders of Zones1and
2 generally follow the boundaries of the rele-
vant municipal authorities.

Emergency protective measures

The primary objective of emergency protec-
tive measures in the vicinity of NPPs is the
prevention of acute radiation sickness re-
sulting from the accidental release of radi-
oactive materials. In addition to this primary
objective, emergency protective measures
are designed to minimise the prevalence of
long-term, genetic radiation damage.
Protective measures designated for the pub-
licare based on the Dose-Measures Concept
defined in the Ordinance on Civil Protection.
The integration time has been extended
from two to seven days, in line with recom-
mendations from the IAEA. The protective
measure of ordering the sheltering of chil-
dren, adolescents and pregnant women at
a dose threshold of 1 mSv over two days has
been replaced by a behavioural recommmen-
dation. This Concept describes the protec-
tive measuresto be considered (see Table 6).
Generally, all available information, such
as practicability of measures, meteorology
and the overall situation, are considered in
the decision-making process. In addition,
the Ordinance on Maximum Levels for Con-
taminants contains limit levels for foodstuffs.
The limits correspond to a large extent to the
maximum levels set under EU legislation.

Measures have also been introduced for
events where rapid action is required but
no in-depth assessment is available within
a reasonable time, e.g., because the release
was not expected or because access to in-
formation is prevented inside a reasona-
ble timescale. In this case, initial immediate
measures must be ordered based on the
nature of the event. This procedure corre-
sponds to the implementation of the HER-
CA-WENRA Approach Partllinthe eventofa
severe accident requiring rapid decisions for
protective actions, while very little is known
about the situation.
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Dose intervention
level

Integration time

iodine in the open air

Sheltering (at home, inacellar | Effective dose due to external radiation 10 mSv 7 days
orinashelter) andinhalation in the open air
Precautionary evacuation or Effective dose due to external radiation 100 mSv 7 days
sheltering andinhalationin the open air
Takingiodine tablets Thyroid dose due to inhaling radioactive 50 mSv 7 days

Harvesting and grazing ban

Ordered as a precaution where any of -
the above measuresis ordered as well as for
areasin the downwind direction

The protective measures applied during the
cloud phase must be planned so that they
can be implemented as a preventive meas-
ureintheinitial phase of an accident. During
the cloud phase, the primary measures in-
clude sheltering, taking of iodine tablets and
possibly evacuation before any release. They
reflect the following:

B The solid construction of houses in Swit-
zerland and the obligation arising from the
civil protection act to provide shelters for the
whole population in Switzerland mean that
in most cases sufficient protection is provid-
ed against the radioactive cloudshine during
the cloud phase of an accident by sheltering
in houses, cellars or shelters. Therefore, thisis
considered asthe mostimportant protective
action. To prevent infiltration of radioactive
material, windows and outside doors should
be closed and air-conditioning systems
turned off.

H |odine tablets are distributed to all hous-
es, schools and companies within a radius
of about 50 km around the NPPs. Outside
this 50 km radius, tablets are stored by the
cantonsso that they are available to the pub-
licwithin12 hours.

B Under the Concept for emergency pro-
tection in case of a nuclear power plant ac-
cident, a precautionary evacuation of Zone 1
and affected sectors of Zone 2 is to be pre-
pared. Such precautionary evacuations in
Zone 2 or in sectors of Zone 2 will be ordered
by the Federal Council. A basic document
containing standard requirements for the
planning of large-scale precautionary evac-
uations was issued by the FOCP. An evacu-
ation during the initial phase of an accident
will be considered provided that no release of

radioactive materials is expected during the
evacuation period.

Protective actions during the ground phase
are based on the actual radiological situation
in the environment as indicated by meas-
urement data. Important protective meas-
ures are remaining indoors, evacuation after
the cloud passage, restricted access to cer-
tain areas, restrictions on certain foodstuffs,
countermeasuresforagriculture,decontam-
ination and medical support. Under the up-
dated Emergency Preparedness Ordinance,
cantons outside Zones 1 and 2 have been
assigned new duties in preparedness and
response.

Alert procedures

If an accident occurs, the NPP is required to
inform ENSI and the National Emergency
Operations Centre immediately. If the acci-
dent poses a threat to the publicand the en-
vironment, this triggers a three-stage alert-
ing and alarming procedure. To be effective,
measures to protect the public should be
taken before any radioactivity is released
from the plant. Therefore, the alerting and
alarming criteria are based primarily on the
situation inthe NPP.

B An alertisissued at the latest when a high
dose-rate is detected by monitoring inside
the containment. The alert (by a dedicated
electronic system) putsfederal,cantonaland
municipal organisations (within Switzerland)
onstand-by for a possible subsequent alarm.
The National Emergency Operations Centre
(NEOC) informs the IAEA and authorities in
neighbouring countries. It also activates the
hotline operated by a professional medical
callcentre.

Table 6:
Intervention levels
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B The first alarm is by siren (coupled with
radio broadcast messages to the population)
if an accident develops in such a way that it
might lead to a dangerously high release of
radioactive materials into the environment.
Thisalarm ensuresthat the population at risk
isaware of the emergency so that it can pre-
pare to take protective actions. Instructions
are given over the radio. In 2019, in addition
to the annual testing of the sirens, alarms
were also sentvia push notification to mobile
phones (AlertSwiss App) for test purposes.

M Further siren alarms are issued if nec-
essary in order to advice the population on
taking iodine tablets, staying indoors, using
shelters, etc.

Special regulations exist for the initiation
of protective actions in the event of rapidly
evolving accidents when thresholds for the
release of radioactive substances from a nu-
clear installation are exceeded in less than
one hour.Insuchacase, precautionaryaction
will be taken for the population in Emergen-
cy Planning Zone1.Sirenswill alert the public
located in Emergency Planning Zone 1. The
public will be advised to stay indoors for the
next few hours. The NPP initiates the action
and the cantonal police (responsible for pro-
tective actionsin Emergency Planning Zone
1) initiate the alert without waiting for an or-
der from the National Emergency Opera-
tions Centre.

Emergency exercises

Each Swiss NPP conducts an annual emer-
gency exercise under the observation of the
regulatory body. The outcomes of an exer-
cise may lead to new measures to improve
the functioning of the emergency organi-
sation. Such measures are incorporated into
the training programmes of the members
of the emergency organisation. According
to Guideline ENSI-B11, the annual emer-
gency exercise of each plant takes place in
the presence of several representatives of
ENSI. This guideline allows ENSI also to re-
quire staff emnergency exercises lasting up to
24 hours in order to check the adequacy of
Severe Accident Management procedures

and organisational measures especially for
long-duration events. A full-scale emergen-
cy exercise is conducted every two years.
Regular participants of the full-scale exer-
cise are at least one NPP, ENSI, NEOC, the
Federal Civil Protection Crisis Management
Board, FOPC, Department of Defence and
the canton in which the NPP is located as
well as emergency organisations from the
surrounding countries.

Clause 2: Each Contracting Party shall

take the appropriate stepsto ensure that,
insofar as they are likely to be affected

by a radiological emergency, its own pop-
ulation and the competent authorities

of the States in the vicinity of the nuclear
installation are provided with appropriate
information for emergency planning

and response.

All people living in the vicinity of Swiss NPPs
have been sent a leaflet from the cantonal
authorities describing the potential dangers
associated with a nuclear accident. The leaf-
letalso explains existing protective actionsto
cope with the consequences. The procedure
for alerting and alarming the population in
case of accidents is described in Clause 1 of
this Article.

Switzerland is party to the Convention on
Early Notification and the Convention on
Assistance. Switzerland has bilateral agree-
ments covering notification andinformation
exchange in case of a nuclear accident with
its neighbours. Although Switzerlandisnot a
member of the European Union, it is part of
the European Community Urgent Radiolog-
ical Information Exchange Network ECURIE.
The National Emergency Operations Centre
is responsible for the notification process
and for providing the necessary information.
Switzerland also participates in the INES re-
porting network and has undertaken to re-
port alleventsrated as Level 2 or higher. Ifan
incident occurs in an NPP, reporting is the
responsibility of ENSI. For other radiological
incidents, itisthe FOPH.

Because the Leibstadt and Beznau NPPs are
close to the national border, special plans
have been agreed upon with Germany.
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These plansare designed toensurethe same
level of protection on both sides of the bor-
der forthe publicand the environment. They
also seek to harmonise procedures. Dedicat-
ed telephone lines exist for communication
between authorities. Plans and procedures
are updated regularly by bilateral working
groups as part of the German-Swiss Com-
mission for the Safety of Nuclear Installations
(see Article 17, Clause 4).

Similarly, an expert group on nuclear emer-
gency matters has been set up for France. A
yearly exchange of information takes place
with Austria. An exchange of information
with Italy also takes place on an annual basis.
Furthermore, the canton of Geneva hasbeen
represented in the “Commission locale d'in-
formation” of the Bugey NPP since spring
2076.

Emergency plans are not only tested at the
national level. German authorities at both
the local and federal level take part in ex-
ercises at the Leibstadt and Beznau NPPs.
Switzerland participates in exercises at the
French Bugey NPP, which is located about
70 km from the Swiss border.

The preparedness of Switzerland and its re-
sponse at the international level is regularly
verified by its participation in international
exercises conducted by the IAEA or ECURIE.
The OECD/NEA INEX exercises are another
opportunity toverify certain aspectsofemer-
gency management. Switzerland usually
participatesin these exercises.

Emergency plans and procedures must be
regularly improved and adapted to reflect
new challenges and changing situations.
Experts from several Swiss authorities take
an active part in these activities. Switzerland
also participatesinworking groups of HERCA
and WENRA on emergency preparedness.
Finally, in order to improve the emergen-
cy response system at the national and in-
ternational level, members of ENSI and the
National Emergency Operations Centre ac-
tively supportthe activities of the OECD/NEA
working party on Nuclear Emergency Mat-
ters.
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Clause 3: Contracting Parties which do not
have a nuclear installation on their territo-
ry, insofar as they are likely to be affected
in the event of a radiological emergency at
a nuclear installation in the vicinity, shall
take the appropriate steps for the prepara-
tion and testing of emergency plans

for their territory that cover the activities
to be carried outin the event of such an
emergency.

This Clause does not apply to Switzerland.

Developments and Conclusions
Since the eighth Swiss National report, the
Dose Measures Concept has been revised in
the course of the revision of the Civil Protec-
tion Act and the Ordinance on Civil Protec-
tion. The lessons learned from the accident
of Fukushima have led to the initiation of
numerous activities with the aim of improv-
ing preparedness and response capabilities
both onand off site.

Switzerland complies with the obligations of
Articlel6.
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Article 17 - Siting

Clause 1: Each Contracting Party shall
take the appropriate steps to ensure that
appropriate procedures are established
and implemented for evaluating all
relevant site-related factors likely to affect
the safety of a nuclear installation for its
projected lifetime.
Under the Nuclear Energy Act and the Nu-
clear Energy Ordinance, a general licence for
a nuclear installation can only be granted if
the site is suitable. The procedures for grant-
ing a general licence and the associated re-
quirements are discussed in the chapter on
Article 7. The granting of general licences for
the construction of new NPPs is prohibited
according to the revised Nuclear Energy Act
which has been in force since January 2018.
The Nuclear Energy Act containsa list of con-
ditions governing the issue of a general li-
cence. Thefirsttwo are that humansand the
environment shall be protected and that the
granting of a licence does not conflict with
other provisions of federal legislation, in par-
ticular legislation on environmental protec-
tion, preservation of the local naturaland cul-
tural heritage and development plan of the
area.
The Nuclear Energy Ordinance contains re-
quirements relating to measures designed
to prevent accidents initiated either inside
oroutside theinstallations. Based on the Nu-
clear Energy Ordinance, the following docu-
ments shall be submitted with the applica-
tion for a generallicence:
M safety analysisreport;
M security report;
M environmental impact report;
H report on compliance with spatial
planning requirements;
B concept for decommissioning,
or for the monitoring period and closure;
M feasibility demonstration of the manage-
ment and disposal of resulting radioactive
waste.

An integral part of the site evaluation is the
assessment of external hazards. Specific re-
quirements are provided in the Ordinance
on Hazard Assumptions and Evaluation
of Protection Measures against Accidents
in Nuclear Installations and include earth-
quakes, flooding, aircraft crashes, extreme
weather conditions (winds, tornados, etc.),
lightning, shock waves, and fire. The Safety

Analysis Report (SAR) shall incorporate all

relevant factors relating to the site (natural

characteristics and human activities), in par-
ticular:

B geology, seismology, hydrology
(including flooding and groundwater)
and meteorology;

W population distribution, neighbouring
industrial plants and installations;

B anticipated exposure to radiation i
nthe vicinity of the installations;

W trafficinfrastructure (road, rail, air, water)
and transport.

During the licensing procedure, ENSI evalu-
atesthesite-related factorslikely to affect the
safety of a nuclear installation and produc-
es a Safety Evaluation Report (SER) in which
additional requirements for plant design are
defined, if deemed necessary.

The results of the hazard analysis are also in-
corporated intothe Probabilistic Safety Anal-
ysis (PSA) for existing NPPs, which are regu-
larly updated (for additional information see
Article14).

Safety assessments shall be updated when-
ever relevant new findings or experience is
available. For example, relevant safety fac-
torsshall be re-evaluated whenever there are
plansto build a relevant new facility (e.g. gas
pipeline or industrial building) in the vicinity
ofa NPP.

Site-related factors are re-evaluated every
ten years as part of the Periodic Safety Re-
view (PSR). In particular, the safety analysis
report (including the deterministic safety
analysis) and the PSA are updated by the li-
cence holder and reviewed by ENSI.
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Clause 2: Each Contracting Party shall

take the appropriate steps to ensure that
appropriate procedures are established
and implemented for evaluating the

likely safety impact of a proposed nuclear
installation on individuals, society and the
environment.

Asoutlined under Clause1,appropriate steps
are implemented in the regulations to en-
sure appropriate procedures. Switzerland
is a small and densely populated country.
The concept of safety through distance en-
counters natural limitations in Switzerland.
In 2011, the government decided to phase
out the use of nuclear power in Switzerland.
According to Article 12a of the Nuclear Ener-
gy Act the granting of general licenses for
the construction of nuclear power plants is
prohibited.

Clause 3: Each Contracting Party shall

take the appropriate steps to ensure that
appropriate procedures are established
and implemented for re-evaluating as
necessary all relevant factorsreferred toin
subparagraphs (1) and (2) so as to ensure
the continued safety acceptability of the
nuclear installation.

Because the reporting procedures applica-
ble to power plants include the relevant site
factors, any modifications to these factors
are known (e.g. construction of a new indus-
trial plantin the vicinity of the NPP). The no-
tification by the licence holder of such mod-
ifications normally includes an assessment
of their possible consequences. Site-related
factors are re-evaluated as part of the PSR. In
particular, the SAR (including the determin-
istic safety analysis) and the PSAare updated
by the licence holder and reviewed by ENSI.
In essence, the re-evaluation processes help
toensure the continued acceptability froma
safety point of view of the NPP as it confirms
the validity of earlier assessments or indi-
cates the impact of changes to site-specific
safety factors. The applicability and effective-
ness of ENSI's re-evaluation process are illus-
trated by the probabilistic reassessments of
the hazards posed by earthquakes, external
flooding and extreme weather conditions.
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Earthquake

The large-scale PEGASOS project, a Ger-
man acronym for “Probabilistic Seismic Haz-
ard Analysis for Swiss Nuclear Power Plant
Sites”, was carried out from 2001 to 2004 by
the Swiss licence holders in response to a
requirement that came out of ENSI's PSA
review process. In 2008, the Swiss licence
holderslaunched the PECASOS Refinement
Project (PRP) with the aim of reducing the
uncertainty range ofthe PEGASOS results. As
with the PEGASOS project, the PRP sought
primarily to characterise seismic sources,
ground motion attenuation on rock and the
local soil response at the NPP sites. The PRP
took advantage of substantial scientific and
technical advancements achieved follow-
ing completion of the PEGASOS project, in
particular internationally developed ground
motion attenuation equations and new soil
investigations at the Swiss NPP sites

In order to achieve a thorough quantifica-
tion of the uncertainty of seismic hazard esti-
mates, the projects PEGASOS and PRP were
designed according to the Senior Seismic
Hazard Analysis Committee (SSHAC) Level 4
methodology. The projects involved techni-
cal experts, scientific institutions and engi-
neering organisations from several Europe-
an countries and the USA and made use of
an extensive expert elicitation process. The
participatory peer review, which is a strong-
ly recommended part of the SSHAC Level 4
approach, wascarried out in both projects by
ENSIwith the help of an experienced team of
contracted experts.

The PRP summary report was submitted to
ENSI at the end of 2013. In comparison with
the PEGASOS project, the level of the com-
puted seismic hazard and the spread of the
hazard results turned out to be generally
smaller. A breakdown (disaggregation) of
the seismic hazard results into partial con-
tributions confirmed the finding of the
PEGASOS project according to which nearby
earthquakes with relatively low magnitudes
between 5 and 6 have higher hazard con-
tributions than stronger and more distant

earthquakes.
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In its final review report on PRP ENSI ac-
knowledged that the state-of-the-art in
probabilistic seismic hazard assessment
was further improved by the project. ENSI
assessed the achieved refinements in the
project focal points — the “ground motion
characterisation” (subproject 2) and the “site
response characterisation” (subproject 3) —
to be well-founded. In contrast, the “seismic
source characterisation” (subproject 1) was
not investigated in sufficient detail accord-
ing to ENSI. After it became evident late in
the project that the model modifications in
subproject 1 had a significant influence on
the computed seismic hazard, the experts
did not have the opportunity to question or
to confirm their assessments. The “seismic
hazard computation” (subproject 4) was
conducted in an appropriate manner and
the applied software met the accepted spec-
ification. Nevertheless, due to the concerns
regarding subproject 1, ENSI could not ac-
ceptthefinalresults of the PRP.

Duetothereservationsconcerning PRP sub-
project 1, ENSI initiated a sensitivity analysis
in which the model for subproject 1 was re-
placed by the corresponding model of the
Swiss Seismological Service (SED). The re-
sults of this combined “SED-PRP model”
were found to be higher than the results of
both the PRP and the SED model. In May
2016, ENSI ordered the implementation of
the results of the “SED-PRP model”, denoted
as seismic hazard assumptions ENSI-2015 (in
German «Erdbebengefahrdungsannahmen
ENSI-2015»). At the same time, as required
by Swiss regulation in the case of a change
in hazard results, ENSI required the licence
holders to assess the consequences on the
safety of the NPP and, in particular, on the
risk (foradditional information see Article 14).

External Flood

For the design of the nuclear power plants,
protection against floodingwasoriginally de-
termined based on dam and/or weir breach
scenarios or on a 1,000-year flood. In 2008,
the flooding hazards for three sites were re-
assessed within the framework of the gener-
al licence applications for new nuclear pow-

er plants, which were intended to be built
at existing sites. The new flooding hazards
were derived either by considering a 10,000-
year flood or, in one case, an extreme flood
scenario that actually gives rise to a higher
discharge than the 10,000-year flood. The
discharge values for the 10,000-year floods
were calculated by extrapolation of river dis-
charge datataking into consideration histor-
ical flood records as appropriate. The flood
levels were computed using a 2D-model for
the flooding scenarios, including a detailed
orographic representation. After the severe
accidents in Fukushima, ENSI ordered the
new results to be applied for the safety as-
sessment of the existing NPPs. Additionally,
toevaluate the flooding risk comprehensive-
ly, ENSI required the licence holders to ana-
lyse the effects of a total debris blockage of
bridges or hydraulic installations near the
sites. The analyses of the licence holders,
based on two-dimensional flooding simula-
tions and incorporating sediment transport
and appropriate particle size distributions,
indicate that total debris blockage does not
cause cliff-edge effects for the plants.

Under the lead of the Federal Office for the
Environment together with other regulato-
ry bodies including ENSI, a comprehensive
reassessment of the external flood hazard
was accomplished. The project established
a common basis for the flood hazard as-
sessment for various regulatory bodies. A
Probabilistic Flood Hazard Analysis (PFHA)
methodology was developed in order to also
assess extremely rare events (with exceed-
ance frequency even lower than 1E-4/yr). The
results consist of hazard curves for the water
level that also take into account effects such
asdebris or blockage of bridges and indicate
thateven forrare events, water levelsare con-
trollable. The results of the project also in-
clude the hydraulic parameters needed for
a closer evaluation of morphological effects
such as erosion of the surface or the shore.
ENSI requested the licence holders to per-
form a new safety assessment that also in-
cludes the morphological effects.
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Extreme weather conditions

Inthe course of the EU stress test, ENSI iden-
tified the need for a re-evaluation of the
existing hazard assumptions concerning
extreme weather conditions and the associ-
ated proof of adequate protection in order to
determine whether these elements were up
todate.

The requirements for the re-evaluation of
the probabilistic hazard analyses concern-
ing extreme weather conditions were speci-
fied in 2012. The probabilistic hazard analyses
and the proof of adequate protection of the
plant against extreme weather conditions
were submitted to ENSI in 2014. The haz-
ard analyses were reviewed by ENSI in 2015.
As a result of ENSI's review, the Swiss NPPs
were required to update their hazard anal-
yses as part of their PSR. Provisional hazard
values were defined to be used for the proof
of adequate protection. In the meantime, all
Swiss NPPs submitted their updated haz-
ard analyses. In general, the review of the
updated studies showed an improvement
in the quality of the studies. Based on these
investigations ENSI will define new hazard
assumptions concerning extreme weather
conditions.

Clause 4: Each Contracting Party shall

take the appropriate steps to ensure that
appropriate procedures are established
and implemented for consulting Contract-
ing Parties in the vicinity of a proposed
nuclear installation, insofar asthey are
likely to be affected by that installation
and, upon request providing the necessary
information to such Contracting Parties,

in order to enable them to evaluate

and make their own assessment of the
likely safety impact on their own territory
of the nuclear installation.

Switzerland has signed agreements on the
exchangeofinformationwith Austria, France,
Germany, and ltaly. The German-Swiss Com-
mission for the Safety of Nuclear Installa-
tions, including itsworking groups, the Fran-
co-Swiss Nuclear Safety Commmission and the
Italian-Swiss Commission for cooperation in
Nuclear Safety meet annually to consult and
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exchange information and experience. They
also define the terms of reference for indi-
vidual working groups, e.g. exchange of op-
erating experience, emergency protection
planning and exercises, radiation protection,
surveillance of ageing and waste disposal. In
addition, representatives from Austria and
Switzerland meet annually to share infor-
mation on nuclear programmes, operating
experience in nuclear installations and the
legislative framework for nuclear safety and
radiation protection.

Developments and Conclusion
Changes and developments: the commments
on Clause 3 provide an update on the reas-
sessment of the hazards posed by earth-
quakes, external flooding and extreme
weather conditions.

Switzerland complies with the obligations of
Article17.
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Article 18 - Design and construction

Clause 1: Each Contracting Party shall

take the appropriate steps to ensure that
the design and construction of a nuclear
installation provides for several reliable
levels and methods of protection (defence
in depth) against the release of radioactive
materials, with a view to preventing the
occurrence of accidents and to mitigating
their radiological consequences should
they occur.

The design and construction of Swiss NPPs
are based on US standards (Beznau | and I,
MUhleberg, Leibstadt) and German stand-
ards (Gosgen) that applied at the time of
construction. The standards used are inter-
nationally accepted and incorporate the
principle of defence-in-depth. The various
levels of defence ensure that the NPPs re-
main within safety limits in the event of a
design-basis accident and that individu-
al dose limits for the public are not exceed-
ed. In addition, systems, equipment and
procedures exist to prevent or mitigate the
release of radioactive materials into the en-
vironment in the event of a severe accident.
Severe Accident Management Guidance
SAMG (regarded asan element of defencein
depth) existsin all Swiss NPPs (see Article 16).

The design and construction of Swiss NPPs
were thoroughly assessed as part of the
licensing procedure. The results of the as-
sessment are part of the safety analysis re-
port (SAR) and play an important role in
licensing decisions (see Articles 7 and 14).
In compliance with the IAEA Safety Stand-
ard NS-R-1, Switzerland included design re-
quirementsregarding redundancy, diversity,
physical and functional separation, automa-
tion, and other fundamental design princi-
plesin Article 10 of the Nuclear Energy Ordi-
nance and ENSI Guideline R-101.

After a licence has been granted, the design
and construction of existing NPPs are peri-
odically reassessed. Guideline R-101 was re-
placed in 2019 by the Guideline ENSI-G02
“Auslegungsgrundsatze fur in Betrieb ste-

hende Kernkraftwerke (Design principles for
existing nuclear power plants)”. An in-depth
review comparing the actual design and the
current state of science and technology is
performed at least every 10 years (PSR, see
Article 14) and the fulfilment of the require-
ments according to ENSI-GO2 is as a mini-
mum reassessed in these reviews.
It is also important to note that the Swiss
Nuclear Energy Act Article 22 requires that
the licence holder of a nuclear power plant
is obliged to backfit the plant according to
the “state of the art of the backfitting tech-
nology”, and beyond it, under consideration
ofthe appropriateness toimplement further
measures if these measures allow for further
risk reduction.
The first generation of Swiss NPPs (Beznau
IIland MUhleberg) were constructed using
designs from the late 1960s. Beznau NPP
consists of two identical units of a Westing-
house 2-loop PWR type with a net electri-
cal output of 365 MW each. MUhleberg NPP
ceased operationin 2019 andisnow initsde-
commissioning phase. It was a General Elec-
tric BWR/4 type with a net electrical output
of 373 MW. These NPPs were constructed
before the establishment of the general de-
sign criteria (GDC) in 1972 by the former US
Atomic Energy Commission. A comparison
between the design of first-generation NPPs
and the requirements of the GDC revealed
that the main design criteria had already
been recognised and incorporated in the
design. These NPPs included several unique
design features that were not standard at
the time of construction:
B Double containment (free-standing

leak-tight steel plus concrete outer shell);
M Load rejection and turbine trip

without scram;
B Continuous emergency power supply

from a nearby hydroelectric plant;
B Well water system for (long term) steam

generator cooling (Beznau NPP);
B Doubled containmentsize in relation

to reactor power (MUhleberg NPP);
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M Hilltop reservoir to flood the core
(MUhleberg NPP);
W Outer torus (MUhleberg NPP).

However, a review of the design by the reg-
ulatory body concluded that the protection
against external events of natural origin,
especially earthquakes and flooding, and
against man-made external events, e.g. air-
craft crash, explosion or intrusion, was insuf-
ficient. Furthermore, a lack of separation of
safety-relevant systems was revealed.

The regulatory Body therefore demanded
the backfitting of bunkered special emer-
gency shutdown and residual heat removal
systems. The systems had to be redundant
and independent from the “normal” or con-
ventional safety systems, including a diverse
ultimate heat sink and an independent
special emergency power supply, and pro-
tected against external events and against
third party intervention (Project SUSAN in
Muhleberg and Project NANO in Beznau,
see Article 6). The special emergency build-
ings include a bunkered emergency control
room from where the safe shutdown of the
plant and the residual heat removal can be
monitored and operated. The systems are
designed to operate automatically in a spe-
cial emergency case, without any operator
action needed during the first 10 hours after
initiation. The backfitting of bunkered spe-
cial emergency systems was an important
measure to strengthen the safety provisions
against design-basisaccidents, aswell as be-
yond-design-basis accidents.

In this context, another important safety im-
provement at Beznau NPP was the seismic
requalification programme REQUA con-
ducted up to 1992 to strengthen the seismic
resistance of thevital equipment of the plant.
Furthermore, in1989, the existing pressuriser
relief valves at Beznau NPP were replaced
by pilot-operated pressuriser safety/relief
and isolation valves of the SEBIM type. These
valves allow primary pressure relief,and con-
ducting of a feed and bleed operation.

In the early nineties, within the framework
of the “Measures against Severe Accidents”
developed by ENSI after Chernobyl, hard-
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ened filtered containment venting systems
were backfitted at the NPPs Beznau (Project
SIDRENT,1992) and MUhleberg (Project CDS,
1992), allowing active or passive venting of
the containment in the event of severe acci-
dents. Also, as early as 1988, the containment
atmosphere of MUhleberg NPP was iner-
tised with nitrogen to prevent the formation
of ignitable gas mixtures. Furthermore, in
both NPPs, different means for alternative
core cooling and alternative containment
cooling were backfitted. For example, at
Muhleberg NPP, a drywell spray system was
installed in 1992 allowing flooding of the con-
tainment.IN 1999, the backfitting ofanemer-
gency feedwater system, in addition to the
existing auxiliary and emergency feedwa-
ter system, was completed at Beznau NPP
unit 2. The system is located in a bunkered
building protected against external hazards.
The emergency feedwater system for unit 1,
located in the same building, has been oper-
ational since 2000. The feedwater supply to
the steam generatorsis backed up by a third
system — the special emergency feedwater
system, which is integrated in the bunkered
NANO system. Taken asa whole, the feedwa-
ter supply at Beznau NPP is very reliable be-
cause of the high degree of redundancy und
diversity.

Further measures for improving safety were
completed in 2015. At Beznau NPP units 1
and 2, the hydroelectric emergency power
supply was replaced by two additional state-
of-the-art, seismically robust emergency
diesel generator systems per unit. The new
emergency diesel generators are air cooled
so that they are independent of any cooling
water supply. This backfitting project had
already been initiated before the Fukushi-
ma accident. In this project, each unit was
equipped with an additional seal water injec-
tion pump and a well water pump for long
term water supply to the emergency feed-
water system, both installed in the bunkered
buildings. ENSI also reviewed Beznau NPP
in the light of long-term operation (LTO),
as unit 1and unit 2 have been in operation

for more than 46 years and 44 years respec-
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tively. No further major backfitting measures
were identified.

After Fukushima, the protection of the Swiss
NPPsand their spent fuel pools (SFP) against
external events had to be reassessed by the
licence holders (see Article 14). Furthermore,
ENSI ordered all licence holders to imme-
diately implement two physically separate
lines/connections for feeding the SFPs from
outside the buildings as an accident man-
agement measure, and to backfit the SFPs
with qualified accident-proof level and tem-
perature instrumentation with indication of
these parameters in the main control room
as well as in the bunkered emergency con-
trol rooms. At Beznau and MUhleberg NPP,
ENSI ordered the backfitting of new redun-
dant SFP cooling systems because the ex-
isting systems were not qualified as safety
systems. The implementation of two physi-
cally separate lines for feeding the SFP was
completed at Muhleberg NPP in 2012 and at
Beznau NPPin2014.

As a result of the reviews regarding earth-
quake resistance, Beznau NPP was required
to improve the earthquake resistance of the
SFP storage building, and constructed a
venting duct to remove heat and pressure
generated by boiling SFP water in order to
protect the building structure should be-
yond-design-basis accidents occur. This
backfitting project was realised in 2017. The
earthquake analyses for MUhleberg NPP
confirmed thatthe seismic protection meas-
ures are adequate, and no additional meas-
ureswere required.

As a consequence of the flooding analyses,
the intake structure of the special emergen-
cy system SUSAN at MUhleberg NPP was en-
hanced to prevent blocking by bedload, sed-
iment, and debris transported by the Aare
River. This was performed in 2011, together
with the provision of mobile floodwalls. Nev-
ertheless, the cooling water supply of safety
and special emergency systems at MUhle-
berg NPP still relied solely on the Aare Riv-
er, using diversified intake structures. Since
then, a diverse cooling water supply, inde-
pendent of the Aare River, has been realised.
The flooding analyses for Beznau NPP con-

firmed that the flood protection measures
are adequate, and no additional measures
arerequired.

MUhleberg NPP wasin operation for 47 years
before being shut down in December 2019.
In order to assess the requirements for a po-
tential long-term operation (LTO), in 2012
ENSI conducted a thorough safety review
of the documents provided by the licence
holder within the framework of the 2010
PSR. Next to the required backfittings iden-
tified in the Fukushima reassessment pro-
cess as mentioned above, ENSI addressed
deficiencies in the spatial separation of safe-
ty systems in the lower floor of the reactor
building and improvements for stabilising
the core shroud which is affected by cracks.
In 2012, the licence holder planned a backfit-
ting project for LTO that contained a cooling
water supply from a protected well, a quali-
fied redundant SFP cooling system, and an
additional independent safety injection and
residual heat removal system installed in a
new building. In 2013, the licence holder de-
cidedtophase outoperationin 2019 for com-
mercial reasons and cancelled the planned
LTO backfitting program. ENSl issued a for-
mal order to establish binding conditions for
operation until 2019, requesting alternative
measures be implemented. On this basis in
2014 the licence holder submitted an alter-
native backfitting program, which was eval-
uated by ENSI. The following main backfit-
ting measures were installed:

M In 2015, the licence holder finished the in-
stallation of the new emergency system to
feed cooling water from a groundwater well
to the hilltop reservoir into the special emer-
gency cooling water system. The backfitting
measure also included hose connectors in-
sidethe bunkered SUSAN-buildingtoensure
an additional accident management-cool-
ing water supply with mobile pumps.

B A new emergency cooling system for the
spent fuel pool was installed in 2016. Water
supplyisensured fromthe bunkered cooling
water system and from the hilltop reservoir.
In 2020, the emergency cooling system for
the spent fuel pool was converted into a safe-
ty system.
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W In 2015, MUhleberg NPP completed back-
fitting measurestoreducetheinternal flood-
ing hazard by installing bypass lines with
flow limiter, checkvalvesand orifices into the
piping of the RCIC system, the CRD system,
the auxiliary condensate system, and the
firewater system.

M In 2016, an additional, earthquake and
flood resistant, single line emergency wa-
ter injection into the reactor pressure vessel
was installed. The system is located in a new
building separated from other safety sys-
tems.

In October 2012, an IAEA OSART mission to
MUhleberg NPP took place. The review team
acknowledged the fast and thorough re-
sponse to recent significant external operat-
ing experience events, including important
plant modifications (see Article 19).

In conclusion, all first-generation NPPs have
completed or are completing a comprehen-
sive analysis and backfitting programme,
and substantial improvements have been
made. The results of the EU stress tests on
these NPPs confirm this statement.

Where the realisation of backfitting meas-
ures and plant modifications is concerned,
ENSI monitors these activities very closely.
The projects and modifications are subject
to a four-step procedure, consisting of the
concept, the detailed design, the installation,
and the commissioning of the systems. ENSI
grants permissions for every step of the pro-
cedure after thorough examination of the
appropriateness and compliance with na-
tionalandinternational safety requirements.
The second-generation NPPsin Switzerland,
Gosgen NPP, 1979, and Leibstadt NPP, 1984,
were based on German and US design crite-
ria respectively. The bunkered special emer-
gency shutdown and heat removal systems,
which provide a very high degree of protec-
tion against external events and diversity to
the conventional safety systems, including a
diversified ultimate heat sink, were integrat-
ed in the design from the beginning, requir-
ing the US design of the Leibstadt NPP to be
adapted to the specific Swiss demands re-
garding special emergency systems.
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The safety status of Gésgen NPP, a Siemens/
KWU PWR with a gross electrical output of
1060 MW, has been continuously enhanced
since its commissioning. In 1993, a filtered
containment venting system was installed,
allowing passive or active venting of the
containment for beyond-design-basis acci-
dents.

IN 1999, the reliability of the SFP cooling was
enhanced by installing an additional inde-
pendent train to the existing redundant
trainsfor SFP cooling.

Starting in 2001, the structures of several
buildings were reinforced to improve the
seismic resistance.

The provisions for conducting primary pres-
sure relief, the installation of three pilot-
operated pressuriser safety/relief valves,
were implemented in 2005. These valves
make it possible to conduct primary pres-
sure relief and a feed and bleed operation in
beyond-design-basis accident conditions.
During outages in 2006 and 2007, the ex-
isting containment sump suction strainers
were replaced by new strainers of a filter car-
tridge type, enlarging the suction area from
10 m2toabout 110 m?,

In 2008, an aircraft crash and flood proof,
earthquake-resistant building for the wet
storage of spent fuel was commissioned.
Cooling of the fuel elements is provided by
a completely passive system, i.e. no electrical
power or cooling water supply is required to
maintain the fuel in a safe state.

The original design of the Leibstadt NPP,
GE BWR/6-238 Mark Ill, was supplemented
by the special emergency heat removal sys-
tem (SEHR) to provide increased protection
against external hazards, using groundwa-
ter from a protected well as an ultimate heat
sink.

Over the course of time, several backfitting
measures have beenrealised. The alternative
rod insertion system ARI was introduced in
1988; this provides redundancy and diversi-
ty to the existing scram system, reducing the
risk of anticipated transients without scram
significantly. In the same year, a redundant
safety parameter display system was intro-
duced.
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After the Barseback event in 1992, the exist-
ing suction strainers of the emergency cool-
ing systems with a size of 2 m?were replaced
with strainers of 152 This took place in 1993,
as well as the backfitting of the hardened fil-
tered containment venting system allowing
active venting by the opening of a valve or
passive venting via a rupture disc.

The ventilation of the main control room
(MCR) was improved in 1996 in order to en-
sure the habitability of the MCR in the event
of accidents with a release of radioactive ma-
terial. The special emergency control room
displays were extended by adding neutron
flux, important containment data, and stack
release parameters to the existing displays.
Further enhancements were carried out in

respect of operational safety and availability.

After Fukushima, the reviews of the seis-
mic and flood resistance of the Gdsgen and
Leibstadt NPPs for the case of a 10,000-year
earthquake demonstrated compliance with
the current licensing basis, and demonstrat-
ed that the fundamental safety functions
are ensured (see Article 14). Nevertheless,
the safety of Gosgen NPP was further en-
hanced by several improvements regarding
protection against flooding and earthquake.
The seismic robustness of specific equip-
ment important for safety is being contin-
uously improved (especially cable trays and
control cabinets). Furthermore, in 2015, the
licence holder of the Gésgen NPP decided
to enhance the existing bunkered special
emergency shutdown and heat removal sys-
tem. The aim of the project is to assure core
cooling even in the case of very high peak
ground accelerations up to 0.6 g. Measures
within this project ensure residual heat re-
moval from the core and the spent fuel pool
foratleast 72 h, including extended DC pow-
er supply. The construction work for the new
special emergency feedwater storage tanks
at Gosgen NPP was finished in 2021. These
two enlarged storage tanks, which are pro-
tected against air plane crash and other ex-
treme hazards, ensure residual heat removal
from the steam generators for an extended
period of time. In 2018, a seismic shut-down

system was installed at Gosgen NPP. The
system is intended to shut down the reactor
very quickly should very small peak ground
accelerations (0.02 g) occur, thus allowing a
safe reactor shutdown before higher accel-
erations hitthe core internals. Further meas-
ures at Gdsgen are ongoing for the next few
years and comprise new ventilation systems
atthe bunkered special emergency building
taking into account new extreme tempera-
tures, and improved isolation of venting sys-
tems should radioactive and hazardous gas-
esoccurinthe plantarea.

The assumption of a 10,000-year flood as a
new design specification led to several im-
provements at Gésgen NPP, including the
introduction of an automatic advance flood
warning system, the specification of organ-
isational and administrative measures in
emergency procedures, an additional seal-
ing of building shells, air inlets and doors,
as well as the provision of mobile flood walls
to ensure access to important buildings. In
2015, the measures against external floods
were further enhanced by installing a flood
protection wall. For Leibstadt NPP, whose
site is flood proof, no additional enhance-
ments were required.

The seismic robustness of the filtered con-
tainmentventing system (FCVS) was also as-
sessed and revealed an adequate robustness
of the systems in all Swiss NPPs. Neverthe-
less, Leibstadt NPP is strengthening the ex-
isting FCVS in order to increase the existing
margins. Gosgen NPP enhanced the existing
FCVS in 2018 with an additional filter device,
aiming at reducing the release of organic io-
dine asrequired in Guideline ENSI-GO2 after
severe accidents. In 2014, all plants conduct-
ed are-evaluation of the hydrogen hazard. In
two plants additional passive autocatalytic
recombiners (PAR) have been installed, so
that all Swiss NPPs have passive measures
(inertisation or PAR) to protect against hy-
drogen combustion.

The measures regarding SFP cooling and
SFP instrumentation, namely the provision
of two physically separate lines/connections
for feeding the SFPs from outside the build-
ings as an accident management measure,
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and backfitting of the SFPs with qualified
accident-proof leveland temperature instru-
mentation with indication of these parame-
tersin the main control room aswell asin the
bunkered emergency control rooms, have
been implemented in Gosgen NPP (2012)
andin Leibstadt NPP (2014).

After Fukushima, ENSI conducted sever-
al inspections to assess the situation in the
Swiss NPPs in respect of issues that result-
ed from the accident management actions
performed at Fukushima. ENSI verified the
design, operability, and suitability of the fil-
tered containment venting systems, taking
intoaccount possible adverse conditions, e.g.
the loss of motive power of the valves to be
opened, or radiologically challenging condi-
tions. It was verified that the venting valves
can be opened in case of loss of power by
provision of nitrogen accumulators that are
stored in-situ, or by passive actuation by a
rupture disk at a defined opening pressure.
The condition of the venting filters was also
inspected. In another inspection, the suita-
bility and habitability of the emergency op-
erations centres were checked.
Furthermore, ENSI conducted inspectionsto
review the provisions of Swiss NPPs to cope
with along-lasting SBO. Despite the fact that
five redundant and diversified safety layers
regarding electric power supply exist, fur-
ther measures against a potential SBO were
taken. Each plant has developed an SBO
strategy and is prepared to cope with an ex-
tended SBO of seven days by means of acci-
dent management measures, including the
provision of, for example, nozzles for feeding
steam generators with mobile pumps or fire
trucks, mobile diesel generators, means for
manually opening valves, the provision of
sufficient fuel and lubricants for extended
operation, and the revision of severe acci-
dent management guidelines for SBO.
While the safety assessments after Fukush-
ima demonstrated that the existing safety
margins are adequate, in 2013, ENSI decided
to further strengthen the safety of the Swiss
NPPs by increasing the safety margins for
beyond-design-basis accidents. Based on
the results of probabilistic and deterministic
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analyses, the objective was to identify areas
where backfits could contribute the most
towards a further reduction of the hazard,
taking account of the principle of adequacy.
Accordingly, the licence holders conducted
the required analyses in 2014. As a result of
these investigations, the flood protection of
the special emergency buildings in Beznau
NPP and MUhleberg NPP and the seismic ro-
bustness of sensitive componentsin Gosgen
NPP and MUhleberg NPP were improved.

In 2013, ENSI ordered the licence holders to
conduct studies related to extreme weather
conditions. ENSI defined the requirements
for the probabilistic hazard analyses and the
safety cases to be applied to demonstrate
adequate protection of the plants against
extreme weather conditions. Areturn period
of 10,000 years for extreme weather condi-
tions hadto be considered. More information
about thisitem, as well as for the analyses re-
garding earthquakes, is given in Article 14.

Electrical systems

The design of electrical systems and compo-
nents of the Swiss NPPs is mainly based on
the standards set by the Institute of Electri-
caland Electronics Engineers (IEEE) or by the
Nuclear Safety Standards Commission (KTA)
and by the requirements of IAEA NS-R-1.
These standardsand requirementswere also
taken as a basis for the relevant ENSI guide-
lines. Depending on the safety significance
of such equipment, safety class 1E or OE is
applied. Classification 1E is generally applied
to all electrical systems in the emergency
power supply within the NPP and to the spe-
cialemergency electrical supply, aswell asto
the electrical components of the safety sys-
tems. For equipment classified as 1E, proof
of qualification must be available for all the
components relevant for safety functions.
This means that the design-basis range of
the components for ambient conditions is
proven for normal operation as well as un-
deradverse pressure, humidity and radiation
conditions in the event of an accident. Ad-
ditionally, the components must withstand
the earthquake loads of a safe shutdown
earthquake (SSE) at the location where they
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are installed, and the installation locations
of such components must be above or pro-
tected against the design-basis flood levels.
OE-classified electrical equipment is of low-
er safety significance. Such equipmentis not
subject to the qualification criteria applied
for 1E equipment, and its seismic resistance
is limited to the operating basis earthquake
(OBE).

The criteria for independence of class 1E
equipment and circuits, as well as the cri-
teria for independence of electrical safe-
ty systems, which are defined by IEEE and
Reg. Guide 1.75, are also part of the design.
KTA 3503, which sets the standards for type
testing of electrical modules of the safety in-
strumentation and control system, is also an
accepted and applied standard.

Where the safety importance of a reliable
and diversified electrical power supply for
NPPs is concerned for the prevention of an
SBO, it should be highlighted that the Swiss
NPPs have enhanced protection against the
loss of electrical power. In addition to the
emergency power supply that is usually pro-
vided by diesel generators, an independent
special emergency power supply provided
by dedicated special emergency power die-
sel generators that are protected against ex-
ternal eventsis also in place. These supplies,
which ensure operation of the systems re-
quired for safety purposes, can be operated
autonomously for several days (exclusively
using equipment stored on the NPP site).
The special emergency diesel generators
constitute an important “safety layer” of the
electrical power supply, but they are only part
of the provisions in place. The design of the
electrical power supply installation complies
with the defence-in-depth principle and dis-
plays several levels of protection, which are
designated in this chapter as safety layers of

the electrical energy supply.

The following safety layers arein place:

M First Safety Layer: external main grid that
the generator feedsinto

B Second Safety Layer: auxiliary power
supply inisland mode in case of failure
ofthe main grid

H Third Safety Layer: external reserve grid
in case of failure of the external main grid
and the auxiliary power supply

B Fourth Safety Layer:emergency elec-
trical power supply from an emergency
diesel generator or hydroelectric power
plants (HPP) in case of failure of the first
three safety layers for the supply of
conventional safety systems

M Fifth Safety Layer: special emergency
electrical power supply from special
emergency diesel generators for the sup-
ply of the special emergency systems

M Sixth Safety Layer: local accident
management (AM) equipment, such
as mobile emergency power units
and possible connectionsto nearby
hydroelectric power plants

B Seventh Safety Layer: accident manage-
ment equipment stored at the central
storage facility in Reitnau and other off-
site locations (mobile emergency power
units)

In order to cope with an SBO, battery-pow-
ered DC power suppliesand mobile accident
managementdiesel generatorsare available
at all Swiss nuclear power plants. In addition,
there is access to further accident manage-
ment equipment in the central emergency
storage facility at Reitnau. The preparedness
of the operators to handle an SBO scenario
was inspected by ENSIin 2012.

Instrumentation and control

Where instrumentation and control are con-
cerned, the standards set by the Internation-
al Electrotechnical Commission (IEC) are ap-
plied in addition to the classification criteria
defined by IEEE documents. The safety rele-
vance of instrumentation and control func-
tionsis assigned to categories in accordance
with Guideline ENSI-GOT, which is based on
IEC 61226. The assignment to instrumenta-
tion and control systems is performed ac-
cording to IEC 61513.

The Periodic Safety Reviews carried out for
the Swiss NPPs have demonstrated that the
instrumentation for operational and safety
systemsaswell asthe independent accident
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monitoring instrumentation are designed
according to international standards and
national requirements, and consider the de-
fence in depth principle. After the accidents
at Fukushima, all Swiss NPPswere inspected
anditwasconfirmed thatthe accident mon-
itoring instrumentation is continuously sup-
plied by batteries and AM diesel generators
intheeventofan SBO, thus providing the op-
erators with a means of surveying the most
important plant parameters.

In general, analogue technology will be re-
placed step-by-step by digital control sys-
tems. Beznau NPP has already replaced the
protection system, and the control system of
the reactor and turbine. Gosgen NPP has re-
placed the reactor controland the emergen-
cy diesel control system. The replacement
of the reactor protection system at Gosgen
NPP isin progress and it has also been start-
ed at Leibstadt.

Seismic design of nuclear
buildings

The nuclear buildings of the Swiss NPPs are
divided into structural classes | and II, de-
pendent on the seismic classes | and Il of the
equipment placed in the buildings. Equip-
ment and buildings of class | are designed
to resist a Safe Shutdown Earthquake (SSE),
equipment and buildings of class Il are able
to resist an Operating Basis Earthquake
(OBE). According to previous practice, half of
the SSE spectral accelerations were used for
the OBE.

Originally the class | structures of the first
generation of Swiss NPPs (Beznau | and I,
MUhleberg) were designed by assuming a
horizontal peak ground acceleration (PGA)
of 0.12 g at rock surface. In the seventies, it
was established that for the SSE an earth-
quake with an exceedance frequency of 10-4/
year or an exceedance probability of 0.4 % in
40 years must be considered. This led to seis-
mic requalification and backfitting of the
first generation NPPs MUhleberg and Bez-
nau in the eighties assuming a higher PGA
of 0.15g at the rock surface. The second gen-
eration NPPs, Gosgen and Leibstadt, were
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originally designed for a PCA of 0.15 g at the
bedrock level.

Since construction, the buildings of the Swiss
NPPs have undergone continual backfitting.
Inall NPPs, the masonry walls, which can en-
danger safety-relevant equipment, were se-
cured with steel structures. In addition, the
reinforced concrete structures of different
buildings have been strengthened. Exam-
ples are the building of the emergency feed-
water system of Gésgen NPP in 2008 or the
strengthening of auxiliary buildings and of
the SFP storage building of Beznau NPP in
2009 and 2015. In all three cases, additional,
heavily reinforced concrete walls were con-
structed to resist earthquake excitation.
Since 2002, increased earthquake acceler-
ations have been considered for new build-
ings and for strengthening measures ap-
plied to existing buildings. As a rule, the
spectral accelerations of the original SSE
are increased by factors between 1.5 and 2.0.
Examples of new buildings where higher
seismic accelerations were applied are the
new SFP building of NPP Gdsgen, the diesel
generator buildings of the new emergency
power supply in NPP Beznau, and the new
storage building for low level radioactive
waste in NPP Leibstadt.

After the Fukushima event, ENSI ordered
that the seismic safety of the Swiss NPPs
must be verified. Intheiranalyses, the licence
holders had to consider the seismic hazard
derived from available interim results from
the PEGASOS Refinement Project (PRP).
The seismic safety of the buildings was veri-
fied using different extensive linear and non-
linear calculation methods. The analyses as
well as the review by ENSI confirmed that
the nuclear buildings can withstand the in-
creased earthquake impact implied by PRP
compared to the present SSE. The calcu-
lations have also shown that in spite of the
higher seismic excitation, nuclear buildings
still behave in a linear-elastic manner. This
means that for NPP buildings, high seismic
margins exist and only a low damage level is
to be expected.

The PRP was completed and submitted to
ENSI at the end of 2013. At the end of 2015,
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Beznau NPP Muhleberg NPP Gosgen NPP Leibstadt NPP

Horizontal PGA, bedrock level (SSE) 0159 0159 0159 0159
Horizontal PGA, basement reactor building 0159 0159 0159 0.21g
(SSE)

Horizontal PGA, reference rock level 0189 0299 0179 0179
ENSI-2015 (104, mean)

Horizontal PGA basement reactor building 0309 0369 0399 0369
ENSI-2015 (104, mean)

ENSI defined a new seismic hazard, based
on the PRP, called ENSI-2015. The following
table compares the maximum earthquake
accelerationsappliedinthe pasttotheaccel-
erations of the new hazard.

According to the Swiss regulations, the oper-
ators are obliged to verify the nuclear safety
of NPPs in the event of significant changes
to the hazard definition. The corresponding
order was issued by ENSI in 2016. The verifi-
cation of the nuclear safety consists of four
phases. In the first phase the licence holders
worked out and submitted the general con-
cept of a safety assessment. ENSI approved
the concepts in 2017. The following verifica-
tions (update of post-Fukushima verifica-
tion, probabilistic safety assessment) were
finished with positive results and the deter-
ministic verification phaseisin progress.
The topics related to the seismic safety as-
sessment of the existing NPPs have also
been discussed in depth and the adequate
methodology has been developed.

Summary

Itcan be confirmedthatthe Swiss NPPswere
designed and constructed in full accordance
with IAEA requirements regarding “defence
in depth”. The basic principles regarding re-
dundancy, diversity, physical and functional
separation,and automation were integrated
inthe Nuclear Energy Act, in the Nuclear En-
ergy Ordinance, and in the guidelinesissued
by ENSI, ensuring that those principles are
implemented in the plants. The systems and
components are classified in safety classes,
designed, and manufactured according to
proven codes such as ASME and KTA.

The Swiss NPPs are capable of withstanding
hazards of natural origin with a return period
of 10,000 years. It is worth mentioning that
safety margins exist for events beyond this

level. The seismic accelerations considered
in the analyses are amongst the highest val-
ues currently used in Europe. Furthermore,
the plantsare equipped with a highlyreliable
power supply, significantly reducing the risk
ofan SBO.

After commissioning, the Swiss NPPs have
been backfitted systematically, taking into
account the lessons learned from nation-
al and international safety-relevant events.
They have undergone several periodic safe-
ty reviews. The Swiss NPPs were also sub-
ject to the ENSREG stress tests that were
performed in Europe following the accident
in Fukushima. The peer review, which took
place in 2012, confirmed that the degree of
protection of Swiss NPPs is very high. Never-
theless, further backfitting measures will be
implemented in order to ensure a continual

improvementin nuclear safety.

Clause 2: Each Contracting Party shall take
the appropriate steps to ensure that the
technologiesincorporated in the design
and construction of a nuclear installation
are proven by experience or qualified by
testing or analysis.

Systems, structures and components (SSC)
are subject to continuous improvement and
regular testing to ensure and verify nuclear
safety and fitness for service. Swiss NPPs are
legally obliged to comply with the current
state of science and technology. Therefore,
the applied technologies for design and con-
struction modificationsaswell as backfitting
measures are proven by experience or quali-
fied by testing or analysis, which is reviewed
by ENSI and/or its technical support organi-
sations TSOs.

In Switzerland, the US ASME Code is applied
for the original design and construction of
safety-relevant SSCs as well as for backfitting

Table 7:

Comparison of repre-
sentative earthquake
hazards parameters
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projects. Recognised non-nuclear codesand
standards are used for some SSCs of safe-
ty classes 3 and 4. ENSI has implemented
guidelines for the approval of design speci-
fications that are applied in the event of de-

sign modifications or backfitting measures.

The EC-compatible Swiss SIA-Code based
on the partial safety factors concept was
used for civil engineering purposes. For fault
events, e.g. loss of coolant accidents, earth-
quakes, and aircraft crashes, the design in-
corporated special load combinations with
appropriate safety factors.

The various SSCs are classified in accord-
ance with internationally recognised Nucle-
ar Safety Classes. These classifications reflect
their relevance for safety. Safety-classified
components must fulfil stringent require-
ments in terms of design, materials, fabrica-
tion processes, maintenance and inspection.
Nevertheless, sorne material and design de-
ficiencies have arisen over time. The follow-
ing paragraphs describe major examples of
deficiencies, together with the steps taken
by the Swiss NPPs to control, eliminate or
mitigate them:

H Inthelate1960s, the nickel-based material
Alloy 600 was used extensively in the prima-
ry circuits of NPPs. Its manufacturing, corro-
sion and mechanical properties appeared
favourable for the then operating conditions
and service requirements. However, contrary
to earlier experience, this material suffered
from stress corrosion cracking in the LWR
coolant environment. It was for this reason
that the steam generators of Beznau NPP |
and Il were replaced in 1993 and 1999 respec-
tively.

M [tisknown that Alloy 600 welding material
at the penetration tubes of control rod drive
mechanisms is susceptible to stress corro-
sion cracking under certain material and
operational conditions. Therefore, based on
international operating experience, Beznau
NPP decided to replace the reactor pressure
vessel closure heads of units 1and 2, the re-
placement being successfully completed
in 2015. To improve the resistance to stress
corrosion cracking in Gésgen NPP, the Alloy
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182/82 welding material at some pressuris-
er nozzles was replaced by stainless steel in
2013.

M Stainless steel components may suffer
from stress corrosion cracking in the event
of unfavourable manufacturing conditions
such assensitised material or local cold work.
For this reason, the recirculation piping of
MUhleberg NPP was replaced in 1986. A pro-
ject to replace the recirculation system at
Leibstadt NPP was completed in 2021.

B After ultrasonic inspections in the Belgian
nuclear power plants Doel-3 and Tihange-2
in 2012 revealed a series of indications in the
base material of the reactor pressure vessels,
ENSIrequested multiple investigations from
the Swiss licence holders. Following the cor-
responding WENRA recommendation, ENSI
demanded a reassessment of the quality of
the forged base material of the vessel. As a
first part of the reassessment, a technical re-
port was requested on the material quality,
the fabrication process, and the inspections
performed on the RPV base material. Bez-
nau and Gosgen NPP (PWR) submitted this
document in October 2013 to ENSI. As a sec-
ond part of the reassessment, ENSI request-
ed a supplementary ultrasonic inspection of
the base material validated for the detection
of hydrogen-induced flaws. In Beznau and
Gosgen NPP, the ultrasonic inspection of the
base material of the reactor pressure vessel
was performed in 2015. In Beznau Unit 1, a
large number of indications were found. The
individual UT indications were considerably
smallerthan the onesdetected in Doel-3and
Tihange-2 but nevertheless required justifi-
cation and a detailed assessment. The safety
case (SC) for the RPV of Beznau | submitted
by Beznau NPP in November 2016 was re-
viewed by ENSI and by a group of interna-
tionally recognised experts, the International
Review Panel (IRP), appointed by ENSI. The
reviews concluded that the SC contained in-
sufficient supporting data on the effect on
material propertiesaswellasincomplete val-
idation of the UT testing method. This result-
edin ENSIrequesting an extended materials
characterisation programme and an updat-
ed SC. For the detailed investigations, a rep-
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lica of the forged ring was produced based
on original specifications for the fabrication
process, aimed at reproducing in sufficient
guantity the same type of UT indications in
the same ingot zone as observed in the Bez-
nau RPV shell. The additional assessments
and review of the UT validation and the up-
dated SC was completed early in 2018. The
IRP and ENSI came to the conclusion that
the UT indications are caused by agglom-
erates of alumina inclusions, formed during
manufacturing, which do not significantly
affectthe material propertiesrelevant for the
structural integrity or the irradiation sensitiv-
ity. It could be confirmed that the applied ul-
trasonic testing procedures are reliable and
able to detect all relevant flaws. A fracture
mechanics assessment of the flaws, using
highly conservative assumptions, demon-
strated that the case is robust. After ENSI
accepted the Beznau unit 1 RPV SC, the unit
returned to operation in March 2018. ENSI
has issued the requirement to repeat the UT
inspection in 2022 of the base material of the
RPV shell C where the indications with the
highest UT amplitudes are located.

Article 14 describes the strategies for man-
aging ageing problems as an integral part
of acomprehensive ageing surveillance pro-

gramme.

Clause 3: Each Contracting Party shall

take the appropriate steps to ensure that
the design of a nuclear installation allows
for reliable, stable and easily managea-

ble operation, with specific consideration
of human factors and the man-machine
interface.

As mentioned in the comments on Clause 1
of this Article, Swiss NPPs were constructed
using US or German designs and therefore
met the requirements of these countries for
reliable, stable and easily manageable oper-
ation, aswell as the requirementsin terms of
human factors and the human-machine in-
terface.

Nevertheless, in the NPP control rooms, the
most important element of the human-ma-
chine interface, all Swiss NPPs have made

improvements compared to the original de-
sign. They have introduced computerised
process visualisation techniques to facilitate
operational control under normal as well as
abnormal conditions. The degree of automa-
tion has been increased to reduce the need
formanual action for 30 minutesin the event
of a design-basis accident and to 10 hours in
the case of an external event.

ENSI pays particular attention to the con-
sideration of human factors in the design
of modifications of existing nuclear installa-
tions. Since 2007, ENSI hasrequired a human
factors engineering programme (HFE pro-
gramme) from the licence holders togeth-
er with the initial concept for a modernisa-
tion project that concerns human-machine
interfaces (see Article 12). This ensures sys-
tematic and continuous consideration of hu-
man factors throughout the modernisation
project.

Below are some recent examples of mod-
ernisation that have had an impact on the
human-machine interfaces and where ENSI
is closely monitoring the human factors en-
gineering process applied by the licence
holders:

M In the 1990s, Beznau NPP installed two
computerised systems to improve the hu-
man-system interface. The first is a com-
puterised alarm system with a prioritisation
scheme for displaying important messages
with a safety function. The second is a com-
puterised system for emergency operating
procedures (EOPs) based on the printed
EOPs. This system guides the shift supervi-
sor step-by-step through the EOPs. Print-
ed EOPs are available in case of computer
failures. These computerised systems have
been modernised. In 2015, they were vali-
dated using the full-scope simulator of the
Beznau NPP.

M In 2015, Beznau NPP completed a large
plant-modernisation project to replace the
existing hydroelectric power station that is
partofthe emergency power supply systems
with seismically-qualified diesel generators.
As a result, changes to the computerised
EOPs were necessary. These changes were
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also validated using the Beznau NPP full-
scope simulator.

M In 2009, Gosgen NPP announced that it
planned to replace all instrumentation and
control systems. This modification has a
major impact on the working conditions of
the control room operators as well as on the
maintenance personnel. The projectis being
carried out in several steps. For each step, a
HFE programme is defined and implement-
ed in order to address the specific human
factors related aspects of the project. De-
pending on the impact, a graded approach
is applied. During the reporting period, sev-
eral further projects with HFE related issues
were carried out or have been planned for
the coming years (e.g. implementation of
adaptive power density control, extension of
emergency systems, and replacement of fire
dampers).

W n 2011, the Leibstadt NPP installed the
new operational information system ANIS.
With the modernisation of the systems, a
new computerised human-machine inter-
face was created. Oversight performed by
ENSI included close monitoring of the hu-
man factors engineering process and con-
sideration oftheimpactofthe newinterfaces
onthe work of the operators deployed by the
licence holder. Since the implementation,
Leibstadt NPP has made stepwise changes
to the instrumentation in order to use it for
operational systems control. This process is
stillon-going with close oversight on the part
of ENSI.
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Developments and Conclusion

The carrying out of further backfitting meas-
ures depends on the assessments and anal-
ysis that are still to be performed as a con-
sequence of the Fukushima accidents (see
Article 14). Proof of the seismic robustness of
the Swiss NPPs, which is based on the new
ENSI-2015 hazard specification, will proba-
bly lead to further enhancements. Further
improvements will also be made by imple-
menting the requirements from ENSI re-
garding long-term operation. The safety
requirements for equipment used in de-
sign basis and extended design conditions
have been implemented in a new guideline
(ENSI-GO02) inwhich updated design rules for
existing NPPswill be laid down.

Switzerland complies with the obligations of
Article18.
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Article 19 - Operation

Clause 1: Each Contracting Party shall take
the appropriate steps to ensure that the
initial authorisation to operate a nuclear
installation is based upon an appropriate
safety analysis and a commissioning
programme demonstrating that the
installation, as constructed, is consistent
with design and safety requirements.
All four Swiss NPPs in operation have valid
operating licences granted in accordance
with the law. The initial operating licence
includes the commissioning licence. Essen-
tially, the granting of an operating licence is
based on the following elements:
B an extensive set of technical and
organisational documents as specified
in Annexes 3and 4 of the Nuclear Energy
Ordinance and submitted by the appli-
cantwith the formal application;
M 2 safety evaluation report by ENSI;
M proof ofinsurance;
B report that the plant conforms with the
general licence and construction licence.

The NSC may comment on ENSI's SER. The
licensing procedure isdescribed in Article 7.
The operating licence includes authorisa-
tion for commissioning. The commissioning
programme must be approved by ENSI and
consists of pre-operating and start-up tests
as well as procedures for testing all equip-
ment important for safety. The licence hold-
er conducts a design review to verify that the
“asbuilt state” properly reflects the proposed
design in terms of safety requirements (safe-
ty criteria and licence conditions). Commis-
sioning itself and all stages of start-up tests
are under regulatory control because per-
mits are required from ENSI.

As partoftheoperating licence, ENSlissuesa
specialist report foreach new operating cycle
after outage for maintenance and refuelling.
This report is also a substantiated opinion
from the regulator that the NPP is safe for
the next operating cycle in accordance with
specified requirements. It is based on ENSI's
assessment of operating performance, in-

cluding radiation protection, events during
thelastcycle, theresults of maintenance and
refuelling activities during the outage peri-
od, and approval of the reload licensing doc-
umentation (see Article 14).

Clause 2: Each Contracting Party shall
take the appropriate steps to ensure

that operational limits and conditions
derived from the safety analysis, tests and
operational experience are defined and
revised as necessary for identifying safe
boundaries for operation.

see Clause 3 below

Clause 3: Each Contracting Party shall take
the appropriate steps to ensure that opera-
tion, maintenance, inspection and testing
of a nuclear installation are conducted in
accordance with approved procedures.
This Clause is closely linked to Clause 2 and
so they are covered together in the following
paragraphs.

Theoperation of each NPP mustcomply with
an appropriate set of limiting conditions for
operation (LCO) approved by ENSI. The LCO
constitute boundary conditions for proce-
dures and the instructions for normal oper-
ation. They are derived from safety analyses
andtestresults,and areincludedinthe Tech-
nical Specifications for the plant. The Techni-
cal Specificationsalso contain the plant-spe-
cific surveillance requirements. Technical
Specifications are based upon the Standard
Technical Specifications issued by the reac-
tor supplier. The initial Technical Specifica-
tions and later modifications require a per-
mit from ENSI. Modifications are required
as a result of plant modifications, operating
experience and new knowledge. The Tech-
nical Specifications must conform with
Chapter 6.3 of Guideline ENSI-G09. Addition-
al procedures implemented by the licence
holders ensure the safe operation of NPPs.
They are based on the regular verification of
the operability of safety-related equipment.
These procedures are used in the extensive
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Annual number of
reportable events
in Swiss NPPs.
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Mihleberg NPP
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surveillance programmes for maintenance,
inspection and testing. They encompass
in-service inspections using a non-destruc-
tive examination of components, periodic
examinations of electronic, electro-technical
and mechanical equipment, periodic func-
tional testing of systems and components,
aswellasanageingsurveillance programme
(see Article14). Non-destructive testing must
complywith Guideline ENSI-BO7.

The regulatory surveillance of plant oper-
ation relies on information obtained from
the reports submitted by the operating or-
ganisations (in accordance with Guideline
ENSI-B0O2 and Guideline ENSI-B03), on infor-
mation collected during ENSI's inspections
and on its own measurements. Since the
INES classification was introduced in Swit-
zerland in 1992, there have been 19 events in
Swiss NPPsrated at LevelTon the INES event
scale and 2 events at Level 2. The annual
number of reportable events as specified in
Guideline ENSI-BO3 (in effect since 2009) is
shown in Table 8 above. Most of the report-
able events were rated level O on the INES
eventscale.

The reporting system requires operating or-
ganisations to report periodically (monthly,
annually, after refuelling outage) on oper-
ational performance and activities relating
to safety. The most important of these are
modifications to plant equipment, proce-
dures and organisation and doses to per-
sonnelandthe public. Particularemphasisis
placed on event reporting and investigation.
Lessons learned and event feedback are es-
sential elements of operating experience. In
addition, the threshold for event reporting in
Switzerland is low and so ENSI receives com-
prehensive reports on even minor events of
relevance to safety. The analysis of incidents
by both the utility and ENSI is an important
tool in efforts to increase nuclear safety (see
also Clause 4).

Clause 4: Each Contracting Party shall
take the appropriate steps to ensure that
procedures are established for responding
to anticipated operational occurrences
and to accidents.

Each NPP has dedicated procedures for
operational anomalies and emergency con-
ditions as required by the Nuclear Energy
Ordinance.

As top-level organisational documents, the
emergency preparedness regulations reflect
the policy ofthe operating organisation. They
include the steps for alerting the NPP stand-
by safety engineer. They specify the duties of
the stand-by safety engineer, in particular,
the requirement to determine whether an
emergency actually exists, to alert the plant's
emergency staff and inform ENSI if an event
requires immediate reporting. The regula-
tions also define the on-site criteria for alerts
and alarms (see Article 16).

As means for supporting the response to
emergencies, emergency operation proce-
dures (EOPs) are designed to bring the plant
into a safe operational state, while the Severe
Accident Management Guidance (SAMG) is
designed to mitigate the consequences of
accidentsleading to fuel damage.

EOPs specify the measures required to man-
age incidents and accidents prior to core
damage. Modificationsto EOPs are reviewed
to ensure that they are compatible with the
environment in which they will be used. The
effectiveness of incorporation of human fac-
tors engineering principles is judged. The
validation of EOPs is based on represent-
ative simulations, using the plant-specific
simulator. Furthermore, spot checks of the
adequacy of the EOPs are carried out with-
in the review of selected cases of the human
reliability analysis of the plant-specific PSAor
during inspections.

In all plants, SAMG is implemented cov-
ering all relevant operational states. Two
NPPs closely followed (Beznau) or adapted
(Leibstadt) the SAMG concept of the own-
ers' group, Westinghouse PWR or WOG/
BWROG, respectively. The MUhleberg NPP
(GE BWR) and the Gbésgen NPP (Siemens
KWU PWR) developed plant-specific con-
cepts. The SAMG for each Swiss plant is
symptom-oriented. The technical basisofthe
strategies developed within the framework
of SAMG comprises thermal hydraulic cal-
culations and the full-scope, plant-specific
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level 2 PSAs. The developed decision-mak-
ing support tools were checked for their
applicability (validation) by the participants
in the emergency response organisation.
Furthermore, the validation was performed
using exercise scenarios, for which SAMG
plays the major role in managing the acci-
dent (see Article 16). SAMG is updated by the
licence holder according to the state of the
art. ENSI reviews the SAMG by means of in-
spections, as part of emergency exercises
and as part of the periodic safety review.

All plants have fulfilled the requirement to
examine and take account of the behaviour
of the instrumentation under severe acci-
dent conditions in the course of the intro-
duction of SAMG. ENSI therefore regards the
instrumentation as generally adequate.

All NPPs have Accident Management (AM)
procedures on a variety of measures to deal
with scenarios beyond the design basis of
the plant. The AM procedures (on these
measures outlined below) are elements of
the EOP package, the SAMG or both. Gener-
ally, the AM equipment (e.g. mobile pumps)
needed is available on site. As a back-up pro-
vision, AM equipment is also available from
an external storage location (see Article 16
for more details). The incorporation of the
external storage in the AM procedures has
been finalised.

Concerning the prevention of fuel damage,
the AM measures include, for example, vent-
ing of the steam generators without exter-
nal power, venting of the RPV via alternative
trains, the supply (by means of fire brigade
pumps) of borated water from the spent
fuel pool (SFP) into the RPV, coolant sup-
ply via the fire extinguishing system and
cross-switching of power supply systems.
Inspections (carried out for all NPPs) of the
strategies to deal with a prolonged total loss
of AC power (Station Blackout, SBO) gener-
ally indicate that sufficient AM measures for
core damage prevention are available.

As part of the Severe Accident Management
with emphasis on the mitigation of the con-
sequences of fuel damage, the measures
include filtered venting of the containment
before or after an RPV failure and flooding

SWITZERLAND'S NINTH NATIONAL REPORT
TOTHE CONVENTION ON NUCLEAR SAFETY

of the containment. For severe accidents un-
der SBO conditions during shutdown, alter-
native measures for reclosing large contain-
ment openings are prepared and guided.
Concerning the prevention and mitigation
of accidents occurring in the SFP, the pro-
vided measures include re-injection of water
into the SFP, thereby compensating for the
evaporation and/or vaporisation volume and
the isolation of the openings of, plus control
of the ventilation in the SFP building. As a
result of post-Fukushima backfitting so far
completed, all NPPs have connection points
allowing AM measures on SFP cooling with-
outentering the SFP building.

ENSI regularly carries out inspections on the
availability of AM means and to ensure that
the procedures reflect the state of the art.
The Nuclear Energy Ordinance concerning
the regulation of the content of the emer-
gency preparedness regulations, the EOPs
and the SAMG is embodied in guidelines
published by ENSI (ENSI-B12, ENSI-GO9).
Changes in the content of the EOPs and
the SAMG must be reported to ENSI. Where
necessary, plant modifications, operating
and training experience, scientific and tech-
nological developments and lessons from

eventsin NPPstrigger such changes.

Clause 5: Each Contracting Party shall take
the appropriate steps to ensure that neces-
sary engineering and technical supportin
all safety related fields is available through-
out the lifetime of a nuclear installation.
NPPs have developed their own on-site tech-
nical support covering the surveillance test
programme, reactor engineering and fuel
management, operating experience feed-
back, plant modifications and safety-relat-
ed computer applications. These functions
are the responsibility of the various techni-
cal departments in an NPP. In most cases,
a department at the licence holder’s head-
quartersis responsible for core and cycle de-
sign and for fuel procurement. If additional
expertise is required, each plant can obtain
technical support from the reactor suppli-
er by subcontracting work to them. Techni-
cal support from the reactor supplier under

m
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accident conditions is guaranteed by spe-
cial agreements. Nevertheless, the licence
holder must have sufficient expertise within
its own organisation to ensure the quality of
any outsourced tasks. In case of a severe ac-
cident, support by external staff is possible.
A set of accident management procedures
foreach NPP isstored in the external storage
facility at Reitnau.

With the deregulation of the electricity mar-
ket and the current increase in economic
pressures, retaining corporate knowledge
has become an important issue. ENSI is
aware of thisand theissueisdiscussed at the
regular management meetings between
ENSI and the NPPs. To ensure adequate
technical support in Switzerland, the level of
research has increased. In addition, a mas-
ter's course in nuclear engineering at ETH
has been established.

Clause 6: Each Contracting Party shall

take the appropriate steps to ensure that

incidents significant to safety are reported

in atimely manner by the holder of the
relevant licence to the regulatory body.

The Nuclear Energy Act, the Nuclear Ener-

gy Ordinance and ENSI's guidelines contain

requirements on the notification of events
and incidents:

M notification of eventsto allow early recog-
nition of deviations and their correction;

B notification of incident/accident condi-
tionstoalert ENSI'semergency organisa-
tion and other authorities;

M notification of events of publicinterest to
allow ENSIto make anindependent as-
sessment and quickly inform the public.

The Nuclear Energy Act obliges licence hold-
ers to notify the regulatory authorities within
a specified period of special activities or oc-
currencesrelating to the handling of nuclear
materialsand which mightinterfere with nu-
clear safety or security. The Nuclear Energy
Ordinance specifies reporting requirements
for nuclear safety, security and the transport
of nuclear materials. ENSI is required to reg-
ulate the detailed reporting procedures and
the method of classifying events and find-

ings in accordance with the Nuclear Energy
Ordinance. As a result, Guideline ENSI-B0O3
contains criteria defining the reporting obli-
gationthreshold forevents. The licence hold-
eris responsible for giving a preliminary rat-
ingtoeach reportable eventor finding based
on INES, whereas ENSI is responsible for the
final INES rating. The Nuclear Energy Ordi-
nance specifies the time limits for initial no-
tification, receipt of the event history report
and the report on remedial action based on
the INES rating. There is an additional class
for events of public interest requiring im-
mediate reporting, even if there is no signif-
icance for nuclear safety. A press release by
the NPP implies public interest in the event.
ENSI uses the written confirmation by the li-
cence holder of an event as the basis for its
initial review of the classification and any
immediate action required should an event
reveal unexpected barrier degradation. If an
eventisreported as General Emergency, Site
Area Emergency or Alert or if there is pub-
lic interest, ENSI's special emergency team
meets as required by its own internal rules
onemergency preparedness. General Emer-
gency, Site Area Emergency and Alert are
defined in Appendix 6 of the Nuclear Energy
Ordinance (NEO).

To ensure that nuclear installations apply
ENSI's guidelines correctly, event classifica-
tion is part of both the initial licence exams
for shift supervisors and stand-by safety
engineers and their relicensing. During the
periodic emergency exercises, event classifi-
cationisanimportant objective for both NPP
and regulatory staff.

As part of its quality management system
(see Article 8, Clause 1), ENSI has its own in-
ternal procedures for event investigation,
which include the independent assessment
and classification of all events reported na-
tionally. It has set up a working group con-
sisting of expertsin engineering, human fac-
torsand radiation protection, which assesses
events in co-operation with specialists from
individual sections. If the final rating is INES
0,thedecisiononthisfinal INES rating is tak-
en by the Head of the Division responsible
forthe oversight of plant operation. Ifthe rat-
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ing is INES 1 or higher, the decision is taken
by the Director General of ENSI. The results
are communicated to the licence holder and
entered in the systematic safety assessment
database. For several years, it has been ENSI's
practice to include a summary of reported
events and their classification in ENSI's an-
nual regulatory oversight report. This report
is publicly available.

Clause 7: Each Contracting Party shall

take the appropriate stepsto ensure

that programmes to collect and analyse
operating experience are established,
theresults obtained and the conclusions
drawn are acted upon and that existing
mechanisms are used to share important
experience with international bodies and
with other operating organisations and
regulatory bodies.

An important process in Swiss NPPs is the
process dealing with non-conformance con-
trol and remedial action. It is guided by pro-
cedures that form part of the management
system. Any non-conformance is reported
and discussed at the daily morning meet-
ing held by each NPP and where necessary
follow-up action (e.g. work authorisations) is
initiated.

The safety impact of non-conformances is
evaluated. If the event is of interest or rele-
vant for safety, the non-conformance must
be reported to ENSI. In addition, an internal
investigation team in the plant is required
to conduct a thorough analysis of the event.
If the event is more complex, the NPP will
use dedicated root-cause analysis methods.
Based on these analyses, the event investi-
gation team will suggest what action is re-
quired. These suggestions are reviewed by
the plant'sinternal safety commmittee before
implementation.

Low-level non-conformance events (below
the reporting obligation level), near misses
and other types of failures or malfunctions
are reported to the daily meeting of plant
managers and representatives from the
main technical divisions. Their significance
is then evaluated. Depending on the safe-
ty relevance or operational impact of the

SWITZERLAND'S NINTH NATIONAL REPORT
TOTHE CONVENTION ON NUCLEAR SAFETY

non-conformance, remedial action is initiat-
edimmediately orthe problem is transferred
for further evaluation to the event investiga-
tion team or a technical division.

Having decided what remedies are appro-
priate, responsibility for implementation is
assigned to a division. The final details must
be reported to the safety review commit-
tee and the resultant operating experience
is used to inform future plant improvement
programmes.

The CEOs of all NPPs monitor the exchange
of operating experience between Swiss
NPPs. This CEO group is supported by sever-
al working groups who deal with issues such
astraining, nuclear safety performance, age-
ing surveillance, management systems, ra-
diological and chemical plant performance,
fire servicesand industrial safety.

Each NPP has a process for dealing with ex-
ternal operating experience, which screens
andevaluatesinformation onexternalevents.
Depending on its significance and applica-
bility to an individual plant, the information
is evaluated in detail and modifications are
implemented as necessary. ENSI periodical-
ly inspects this process. Furthermore, plants
must provide a monthly report to ENSI with
information on external events evaluated in
detail. Important sources of external infor-
mation are the World Association of Nuclear
Operators (WANO), the Plant Owners' Group,
the Incident Reporting System (IRS) of IAEA
and NEA and the Association of Power and
Heat Generating Utilities in Germany. Spe-
cialist groups of experts from Swiss NPPs
meet periodically to exchange operating ex-
perience, information from abroad, and de-
tailed information on recent events in their
own plants.

The Ordinance on the Methodology and
Boundary Conditions for the Evaluation of
the Criteria for the Provisional Taking-out-
of-Service of Nuclear Power Plants ensures,
on the one hand, plant-specific analysis for
all internal events rated INES 1and above in
Swiss NPPs and, on the other hand, surveys
of reported events in NPPs from all over the
world rated INES 2 and above.

n3
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ENSI hasits own processfor assessing events
in nuclear installations in other countries. If
ENSI's assessment indicates potential for
safety improvements at Swiss NPPs, the
plants are required to analyse the situation
within their own system and take appropri-
ate action where necessary. The IRS is the
main source of information for ENSI. ENSI
hasbeenamemberof IRSsince it wasfound-
edin1980. Members prepare reports on safe-
ty issues of relevance to the nuclear commu-
nity, and attend and organise meetings and
workshops on important safety issues. ENSI
sends delegates from amongst its own staff
to the OECD/NEA/CSNI “Working Group on
Operating experience” (WGOE) and to the
“Working Group on Human and Organisa-
tional Factors” (WGHOF).

ENSI obtains other important information
from IRS reports, NRC information letters
and bilateral contacts (e.g. safety commis-
sions) with its neighbours France and Ger-

many.

The following are some examples of Swiss

eventsreported tothe IRS:

M Significantrise in core damage frequency
due to unavailability of both Beznau NPP
Unit1emergency diesel generator and
the offsite power source;

B Exposure of two workers to dosesin
excess of the statutory annual limit at
Beznau NPP Unit2;

W Exposure of a worker in excess of the stat-
utoryannual dose limits at Leibstadt NPP;

M Failure of shafts of primary service water
pumps at Beznau NPP Unit1and2;

B Damage to the steel primary contain-
mentin Leibstadt NPP;

B Indications for dryout at first cycle fuel
assembliesin Leibstadt NPP;

M Installation deviation in respect of the
shock absorbers foremergency diesel
generators.

The following are some examples of informa-
tion on operating experience from abroad
that resulted in major modifications at Swiss
NPPs:

H Based on the Generic Letter 89-10 of the
US-NRC, ENSIrequired all Swisslicence hold-
ers to re-evaluate the functional analysis of
motor-operated valves in safety related sys-
tems. Consequently, all Swiss NPPs modified
certain gate valves.

B Following the incident at Barseback 2
(Sweden) on 28 July 1992 involving clogging
of the suction-line strainers in the suppres-
sion pool, ENSI initiated a programme of
short-term measuresdesigned toresolve the
problem in all NPPs. The short-term meas-
ures included inspections, a detailed review
of the types of thermal insulation in use, a
clogging analysis of strainers and the prepa-
ration of accident management measures
in BWR plants. This resulted in the replace-
ment of all suction strainersin the emergen-
cy core cooling system of BWRs (MUhleberg
and Leibstadt) during their outage periods
in 1993. In the new equipment, the strainer
area was much larger. For the PWRs, back-
fitting was not considered necessary at the
time and a reassessment of the issue in the
light of recent results from French and NRC
research showed that the design of PWR
suction strainers is still appropriate. Nev-
ertheless, one licence holder has installed
new state-of-the-art cassette-type suction
strainersin order to improve safety and allow
greater flexibility in the type of thermal insu-
lation material used in the containment.

B Two hydrogen explosions occurred in
European and Japanese BWRs at the end
of 2001, resulting in ruptured pipes. This is
a known phenomenon and had been the
subject of previous assessments; following
those two events, the two BWRs in Switzer-
land were required to re-evaluate the earlier
assessments. This resulted in immediate im-
provements to procedures (e.g. filling empty
pipes with water). Minor hardware modifica-
tions (e.g. improved insulation, installation
of thermocouples) were made during the
annual outage. The investigations were then
completed but because of differences in the
BWR design in Switzerland, it was not con-
sidered necessary to undertake hardware
modifications or consider a new design basis
accident.
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B The reactor vessel head corrosion event
at the Davis Besse NPP (USA) in 2002 gen-
erated considerable attention in the nucle-
ar community. In this event, a significant
amount of boric acid corrosion was detected
caused by leakage from cracks in the con-
trol-rod nozzles. Both Swiss operators and
ENSI had previous experience of this phe-
nomenon and so were already vigilant. A
small head corrosion event caused by leak-
age had occurred in Switzerland in the early
1970s, and 5 years before the above US event,
cracks had been found and reported in the
control nozzles of US plants. ENSI had used
this previous experience to strengthen the
requirementsforthe periodicsurveillance by
plant operators of nozzle cracks and leakage
control. Therefore, the Davis Besse event did
not necessitate any additional action.

B The incident at Forsmark 1 NPP (Sweden)
on 25 July 2006 also led to major investiga-
tions by ENSI. ENSI checked in detail aspects
identified as being significant to the se-
guence of events. All Swiss NPPs carried out
a comprehensive check of the technical and
organisational measures used to deal with
the consequences of a similar type of event.
The investigation results were published in a
separatereportandthisisavailable on ENSI's
website. The investigations did not identify
any deficiencies in technical and organisa-
tional precautions by Swiss NPPs designed
to protect plants from the effects of grid dis-
turbances. Nevertheless, ENSI recommend-
ed that NPPs intensify simulator training for
scenarios involving loss of redundancy in
safety or information systems and signals in
the control room.

B The Fukushima accident triggered a se-
ries of actions by ENSI with the objective of
understanding the event sequence, its caus-
es and to be able to draw conclusions for
the safety of Swiss NPPs. The Swiss National
Assessment Report for the CNS Second Ex-
traordinary Meeting contains more details
on lessons identified, analyses performed
and measures adopted. ENSI has chosen a
stepwise response approach to the Fuku-
shima accident, to allow the incorporation
of possible new lessons as soon as they be-
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come available from further accident inves-
tigations that are still in progress in Japan.
In spite of insights gained from the national
response approach and European approach
(EU stresstest), which confirmed a high safe-
ty standard for Swiss NPPs, areas of further
improvement were identified. Essential top-
ics to be addressed by the licence holders
have been protection against earthquakes
and flooding, the design of spent fuel pools,
the availability of the ultimate heat sink and
the availability of accident management
equipment from offsite locations. Details are
givenin Articles16and18.

The Annual Report of ENSlincludesinforma-
tion on the use made of information from
external operating experience. Special at-
tentionisgiventoanalysesand plant modifi-
cations performed in response to the Fukus-
hima accident.

Clause 8: Each Contracting Party shall take
the appropriate steps to ensure that the
generation of radioactive waste resulting
from the operation of a nuclear installation
is kept to the minimum practicable for

the process concerned, both in activity
andinvolume, and that any necessary
treatment and storage of spent fuel and
waste directly related to the operation

and on the samessite as that of the nuclear
installation take into consideration
conditioning and disposal.

The Nuclear Energy Act includes the princi-
ple that the generator of radioactive waste
is responsible for its safe management until
disposal. Before an NPP is licensed, it must
demonstrate that the waste generated by
the facility can be safely and permanently
managed and disposed of. The Radiological
Protection Act and the Radiological Protec-
tion Ordinance stipulate that the volume of
radioactive waste produced must be kept to
the minimum possible. Under the Nuclear
Energy Act, radioactive waste originating in
Switzerland must be disposed of in Switzer-
land.

To ensure compliance with legal require-
ments during the licensing phase, plans for
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nuclear installations are subject to a critical
review by nuclear safety authorities. During
the construction and operation of such in-
stallations, ENSI's oversight activities ensure
compliance.

Each NPP stores the spent fuel discharged
from the reactor on site for several years. The
Nuclear Energy Act prohibits the export of
spent nuclear fuel for the purpose of repro-
cessing. In the past, NPP operators have ex-
ported a total of some 1139 tonnes of spent
fuel to La Hague (F) and Sellafield (UK). All of
this spent fuel has finally been reprocessed.
All of the waste which had been allocated on
the basis of the reprocessing contracts had
been returned to Switzerland by end of 2016
and is currently stored at the central interim
storage facility ZZL awaiting final disposal.
All separated Pu products from the repro-
cessing of Swiss fuel elements have also
been repatriated in the form of MOX fuel ele-
ments, all of which have already been reused
inthe PWRs at the Beznau and Gésgen sites.
Even a part of the attributed U products has
already been reused in the form of U(rep)ox-
ide fuel elementsin Swiss reactors.

Since July 2006, any spent fuel from the
MUhleberg and Leibstadt NPPs has been
transported to the Central Interim Storage
Facility and stored in dry dual-purpose casks
(DPC). The Beznau NPP operates its own
dry storage facility on site, while the Gos-
gen NPP started on site operation of a sepa-
rate wet storage facility for spent fuel in May
2008. However even Gosgen NPP will have to
transfer spent fuel elementsinto DPCin the
late 20s due to a licensing condition of the
wet storage facility.

While in earlier years foreign DPC designs
were used for storage, the specific proper-
ties of Swiss spent fuel assemblies initiated
several design and licensing projects for ded-
icated DPC designs, specifically addressing
theissuesofhigh burnup MOXelementsand
elements from reprocessed U. In establish-
ing these projects Switzerland initiated and
is leading international discussions on age-
ing management of dry spent fuel storage
systems. All Swiss utilities are requested to
establish comprehensive ageing manage-

ment programmesaddressing ageing of the
storage facility components, the DPCs and
their contents.

Any operational waste from the NPPs is col-
lected and segregated. Waste with such low
activity levels that it can be exempted from
regulatory controliscleared for re-use or con-
ventional disposal under the supervision of
ENSI. The conditions required for clearance
are included in Annex 2 of the Radiological
Protection Ordinance. The associated pro-
cedures are detailed in Guideline ENSI-BO4
which is equally applicable to any other (in-
stitutional) radioactive waste in Switzerland.
Radioactive waste in the form of resins,
sludges or activated components is condi-
tioned on site as soon as practicable at the
NPPs. Incinerable waste, however, is condi-
tioned externally at the Central Interim Stor-
age Facility (ZZL), which is successfully oper-
ating the world's first plasma incinerator for
radioactive waste. The previously used “con-
ventional” incineration facility at the Paul
Scherrer Institute is currently being decom-
missioned. The installations at the ZZL also
provide services for decontamination, seg-
regation, handling of bulky items and, more
recently, the processing of radioactive waste
containing asbestos.

According to the Nuclear Energy Ordinance,
any procedure for the conditioning of radio-
active waste must be approved by ENSI. Ap-
provalisonly granted if waste products com-
ply with accepted storage criteria, meet the
requirements of NAGRA, the disposal plan-
ning organisation, and can be transported
in compliance with the regulations on the
transport of hazardous goods. Detailed re-
quirements for such waste type qualification
are documented in Guideline ENSI-BO5. The
utilities have continuously re-document-
ed and finally also reconditioned “historic”
waste packages which had originally been
conditioned for sea dumping but remained
in Switzerland after this disposal technique
was no longer used. All waste packages are
included in a nationwide registration and
documentation system run by NAGRA and
controlled by an independent register held
by ENSI. This also applies to the PSl research
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institute in charge of the central waste col-
lection facility for institutional waste.
Specific requirements for interim storage
facility operations are detailed in Guideline
ENSI-B17, which came into force in 2021.
ENSI's up-to-date regulatory guidelines in
addition to the relevant articles of the NEA
and NEO comprehensively cover all pre-dis-
posal aspects of the Swiss national waste
management system. This also includes the
requirements of the corresponding WENRA
reports, the safety reference levels (SRLs) for
the storage of waste and spent fuel, for de-
commissioning, and for disposal. The SRLs
for processing waste as described in the
WENRA processing report are only partly
covered. Regulatory Guideline ENSI G-23:
Design Requirements for Nuclear Installa-
tions other than Power Reactors, which cov-
ers the missing requirements including in-
terim storage facility design, came into force
in2021.

Developments and Conclusion
Switzerland complies with the obligations of
Article19.



ns



Appendix1

SWITZERLAND'S NINTH NATIONAL REPORT
TO THE CONVENTION ON NUCLEAR SAFETY

Appendix 1: List of Abbreviations

AC Alternate Current
ADAM Accident Diagnostics, Analysis and Management system
ALARA As Low As Reasonably Achievable
AM Accident Management
AMP Ageing Management Programme
ANPA Data system for plant parameters (Anlageparameter)
ASME American Society of Mechanical Engineers
AUTANOVE Autarkic Emergency Power Supply
(Autarke Notstromversorgung, Project at the Beznau NPP)
BBC Brown, Boveri & Cie
BDBA Beyond-Design-Basis Accidents
BKW Bernische Kraftwerke
BWR Boiling Water Reactor
BWROG Boiling Water Reactor Owners Group
CDF Core Damage Frequency
CEO Chief Executive Officer
CET Core Exit Temperature
CHF Swiss Franks
CNS Convention on Nuclear Safety
CSNI Committee on the Safety of Nuclear Installations (OECD-NEA)
DBA Design-Basis Accidents
DBE Design Basis Earthquake
DBF Design Basis Flood
DC Direct Current
DEC Design Extension Conditions
DETEC Department of Environment, Transport, Energy and Communication
(UVEK) (Eidgendssisches Departement fur Umwelt, Verkehr, Energie und Kommunikation)
DIWANAS Diversitare Warmesenke und Nachwarmeabfuhr-System (Project at the MUhleberg NPP)
DPC Dual-purpose casks
DSSA Deterministic Safety Status Analysis
ECCS Emergency Core Cooling System
ECURIE European Community Urgent Radiological Information Exchange
ENSI Swiss Federal Nuclear Safety Inspectorate ENSI
(Eidgendssisches Nuklearsicherheitsinspektorat)
ENSREG European Nuclear Safety Regulatory Group
EOP Emergency Operating Procedures
ERO Emergency Response Organisation
ETH Swiss Federal Institute of Technology
EU European Union
EURATOM European Atomic Energy Community
FCVS Filtered Containment Venting System
FMB NBCN Federal Nuclear, Biological, Chemical and Natural Crisis Management Board
FN File Note
(AN) (Aktennotiz)
FOCP Federal Office of Civil Protection
FOEN Federal Office for the Environment
FOPH Federal Office of Public Health
GDC General Design Criteria
GE General Electric
HEPA High Efficiency Particle Arrestor
HERCA Heads of European Radiological protection Competent Authorities Association
HLW High-Level Waste
HOF Human and Organisational Factors
HPP Hydro(electric) Power Plant
HSK Hauptabteilung fur die Sicherheit der Kernanlagen
(precursor of ENSI)
IAEA International Atomic Energy Agency
ICRP International Commission on Radiological Protection
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IDA-NOMEX Interdepartmental Working Group to Review Emergency Protection Measures
in case of Extreme Events in Switzerland )
(Interdepartementale Arbeitsgruppe zur Uberprafung der Notfallschutzmassnahmen
bei Extremereignissen in der Schweiz)

IEC International Electrotechnical Commission

[EEE Institute of Electrical and Electronics Engineers

INES International Nuclear and Radiological Event Scale

INEX International Emergency Exercise

IRRS Integrated Regulatory Review Service

IRRT Integrated Regulatory Review Team (precursor of IRRS)

IRS International Reporting System for Operating Experience

ISO International Standards Organisation

ISOE Information System on Occupational Exposure

JRODOS Java-based Real-time Online Decision Support system

KKB Nuclear Power Plant Beznau (Kernkraftwerk Beznau)

KKG Nuclear Power Plant Gésgen (Kernkraftwerk Gosgen)

KKL Nuclear Power Plant Leibstadt
(Kernkraftwerk Leibstadt)

KKM Nuclear Power Plant MUhleberg (Kernkraftwerk Muhleberg)

KPMG Klynveld, Peat, Marwick und Goerdeler (Swiss auditor)

KWU Kraftwerk Union AG

L/ILtw Low-Level and Intermediate-Level Waste

LASAT Lagrangian Simulation of Aerosol-Transport

LCO Limiting Conditions for Operation

LOCA Loss Of Cooling Accident

LTO Long-Term Operation

LWR Light Water Reactor

MADUK Measurement network in the vicinity of NPPs
(Messnetz zur automatischen DosisleistungstUberwachung in der Ummgebung
der Kernkraftwerke)

MCR Main Control Room

Nagra National Cooperative for the Disposal of Radioactive Waste
(Nationale Genossenschaft flr die Lagerung radioaktiver Abfalle)

NBC Nuclear, Biological and Chemical

NBCN Nuclear, Biological, Chemical and Natural

NEA Nuclear Energy Agency of the OECD

NEO Nuclear Energy Ordinance

NEOC National Emergency Operations Centre (Nationale Alarmzentrale NAZ)

NEWS Nuclear Events Web-based System

NGO Non-Governmental Organisation

NPP Nuclear Power Plant

NRC U.S. Nuclear Regulatory Commission

NSC Nuclear Safety Commission

OBE Operating Basis Eartquake

OECD Organization for Economic Co-operation and Development

OHSAS Occupational Health and Safety Assessment Series

OLNC OnLine Noble Chemistry primary water operation mode

OSART Operational Safety Review Teams (IAEA)

pC Primary Circuit

PECASOS Probabilistic Earthquake Hazard Analysis for the Locations of the Nuclear Power Plants
in Switzerland
(Probabilistische Erdbebengefahrdungsanalyse fur die KKW-Standorte in der Schweiz)

PCA Peak Grund Acceleration

PRP PEGASOS Refinement Project

PSA Probabilistic Safety Analysis

PSI Paul Scherrer Institute (research institute)

PSR Periodic Safety Review

PWR Pressurised Water Reactor

QM Quality Management

RCIC Reactor Core Isolation Cooling

RHR Residual Heat Removal

RPO Radiological Protection Ordinance
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RPV Reactor Pressure Vessel
SAMG Severe Accident Management Guidance
SAR Safety Analysis Report
SBO Station Blackout
SER Safety Evaluation Report
SFOE Swiss Federal Office of Energy
SFP Spent Fuel Pool
SIA Swiss Association of Engineers and Architects
(Schweizerischer Ingenieur- und Architektenverein)
SQSs Swiss certification company
(Schweizerische Vereinigung fur Qualitats- und Management-Systeme)
SRL Safety Reference Levels (WENRA)
SSC Structures, Systems, and Components
SSE Safe Shutdown Earthquake
SSHAC Senior Seismic Hazard Analysis Committee
SUSAN Special emergency system of KKM
(Selbststandiges, Unabhangiges System zur Abfuhr der Nachzerfallswarme)
Sv Sievert
Total-SBO Total Station Blackout
U.S.NRC U.S. Nuclear Regulatory Commission
VDNS Vienna Declaration on Nuclear Safety
W Westinghouse
WANO World Association of Nuclear Operators
WENRA Western European Nuclear Regulators’ Association
WGHOF NEA Working Group on Human and Organisational Factors
WGIP NEA Working Group on Inspection Practices
WGOE NEA Working Group on Operating Experience
WOG Westinghouse Owners Group
ZWILAG Zwischenlager Wirenlingen AG

zZL Zentrales Zwischenlager
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Appendix 2: List of the Inspectorate’s
guidelines currently in force

Status: March 2022

Languages
All guidelines are originally published in German. Some guidelines have been translated
into French and English.

Note

M Allguidelines are available on the ENSI website (www.ensi.ch).

B Guidelines of the series A cover the assessment of facilities, guidelines of the series B
cover the surveillance of operations, and guidelines of the series G are guidelines
with general requirements, which cover both, the assessment of facilities and surveillance
of operations. Guidelines of the series R were issued before the Nuclear Energy Act
and the Nuclear Energy Ordinance entered into force in February 2005.

M The security guidelines are not listed.

Guideline Title of guideline Date of
current issue
ENSI-GO1 Safety Classification for Existing Nuclear Power Plants 2011/01
ENSI-G0O2 Design Principles for Operating Nuclear Power Plants 2019/08
ENSI-GO3 Deep Geological Repositories 2020/12
ENSI-GO5 Design and Manufacture of Transport and Storage Casks (Dual Purpose Casks) 2021/10
for Interim Storage
ENSI-GO7 The Organisation of Nuclear Installations 2013/07
ENSI-GO8 Systematic Safety Evaluations for the Operation of Nuclear Installations 2015/06
ENSI-G0O9 Operational Documentation 2014/06
ENSI-GT1 Safety Classified Vessels and Pipework: Engineering, Manufacture and Installation 2013/06
ENSI-G12 Radiation Protection in Nuclear Installations 2021/09
ENSI-G13 Measuring Instrumentation for lonising Radiation 2015/10
ENSI-G14 Calculation of Radiation Exposure in the Vicinity due to Emission of Radioactive Sub- 2008/02
stances from Nuclear Installations
ENSI-G15 Radiation Protection Objectives for Nuclear Installations 2010/1
ENSI-G17 Decommissioning of Nuclear Installations 2014/04
ENSI-G20 Reactor Core, Fuel Assemblies and Control Rods: Design and Operation 2015/02
ENSI-G23 Design Principles for other Nuclear Installations 2021/10
ENSI-AO1 Technical Safety Analysis for Existing Nuclear Installations: Scope, Methodology and 2018/09
Boundary Conditions
ENSI-A03 Periodic Safety Review for Nuclear Power Plants 2014/10
ENSI-A04 Application Documents for Modifications to Nuclear Installations Requiring a Permit 2009/09
ENSI-AO5 Probabilistic Safety Analysis (PSA): Quality and Scope 2018/01
ENSI-AO6 Probabilistic Safety Analysis (PSA): Applications 2015/1
ENSI-A08 Source Terms Analysis: Scope, Methodology and Boundary Conditions 2010/02
ENSI-BO1 Ageing Management 2011/08
ENSI-BO2 Periodic Reporting by the Nuclear Installations 2015/06
ENSI-BO3 Reports by the Nuclear Installations 2021/07
ENSI-BO4 Clearance of Controlled and Supervised Areas and of Materials from Mandatory Licens- | 2018/11
ing and Supervision
ENSI-BO5 Requirements for the Conditioning of Radioactive Waste 2007/02
ENSI-BO6 Safety Classified Vessels and Pipework: Maintenance 2013/06
ENSI-BO7 Safety Classified Vessels and Pipework: Qualification of Non-Destructive Testing 2008/09
ENSI-BO9 Determination and Recording of the Doses of Persons Exposed to Radiation 2018/07
ENSI-B10 Basic Training, Recurrent Training and Continuing Education of Personnel in Nuclear 2010/10
Installations
ENSI-B11 Emergency Exercises 2013/01

ENSI-B12 Emergency Preparednessin Nuclear Installations 2019/08
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Guideline Title of guideline Date of
currentissue

ENSI-B13 Training and Continuing Education of the Radiation Protection Personnel 2010/1

ENSI-B14 Maintenance of Electrical and Instrumentation and Control Equipment Classified as 2010/12
Important to Safety

ENSI-B17 Operation of Interim Storage Facilities for Radioactive Waste 2020/01

HSK-R-08 Safety of Structures for Nuclear Installations, Federal Test Procedures for the Construc- 1976/05
tion of Structures

HSK-R-46 Requirements for the Application of Computer-Based Instrumentation and Control 2005/04
Important to Safety in Nuclear Power Plants

HSK-R-50 Requirements Important to Safety for Fire Protection in Nuclear Installations 2003/03

HSK-R-102 Design Criteria for the Protection of Safety-Relevant Equipment in Nuclear Power Plants | 1986/12
against the Consequences of Aircraft Crashes
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