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Executive Summary

The European Council concluded in March that the safety of all EU nuclear plants
should be reviewed on the basis of a comprehensive and transparent risk assessment
(“stress test”).

The German Bundestag (Federal Parliament) called upon the German Federal Gov-
ernment on 17" March 2011 to conduct a comprehensive review of the safety require-
ments for the German nuclear power plants. The competent Federal Ministry asked its
advisory body, the RSK, to perform this review. The findings of the RSK safety review
were presented to the public on 17" May 2011.

ENSREG published the scope and modalities for comprehensive risk and safety as-
sessments of EU nuclear power plants on 13™ May 2011. This “Declaration of
ENSREG” determines the concept, methodology and time schedule of the EU stress
test.

The BMU as the federal regulator in Germany asked the Lander authorities to initiate
the EU stress tests according to the ENSREG Declaration. The “stress tests” were
started by all German licensees with the self-commitment to deliver the progress report
by 15" August 2011 and the final report by 31% October 2011.

The structure of the German national report follows mainly the chapters according to
the ENSREG Declaration. In addition detailed insights from the broader scope and
specific methodology of the RSK safety review are also included in the chapters. In
chapter 6 are in particular insights from the RSK safety review related to initiating
events caused by man-made hazards, such as an aircraft crash, terrorist attack or cy-
ber attacks.

The licensee progress reports and the certificates by the competent federal state regu-
lators reflect an interim state. Further work is planned and should take additional guid-
ance to be given by ENSREG into account.

The Federal State authorities have so far reviewed the licensee reports in terms of
completeness, the adequate application of the ENSREG methodology and the correct
categorisation of the referenced documentation (if already done by the licensee). In
summary, the adequate application of the ENSREG methodology was confirmed. The
correctness of licensee statements were assessed for design basis measures and
plausibility checks were performed for additional measures in the beyond design basis
area where possible.

This progress report gives an overview of the work planned and of results already
achieved. It would be premature to summarize results of the EU stress test. Based on
the progress made so far the completion of the final licensee reports and of the report
of the German regulatory body seems to be achievable.
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Regulatory Framework and Infrastructure

The Federal Republic of Germany is a Federation with 16 Federal States. There are 18
nuclear power plants at 13 sites that fall under the EU stress test as requested by the
European Council on 23/24 March 2011. These sites are situated in five Federal
States. These plants are operated by four different utilities. The German nuclear regu-
latory body consists of the regulatory authority of the Federation and the regulatory au-
thorities of the Federal States (Lander). Each regulatory authority is a division of a min-
istry. To understand how the stress test process is implemented information on coop-
eration of the different regulatory authorities and of their interaction with the licensees

iS hecessary.
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0.1 Regulatory body in Germany

Responsibilities for legislation and execution are assigned to the organs of the Federa-
tion and the Federal States - the Lander - according to their scope of functions. Specifi-
cations are given by provisions of the Basic Law /I/ of the Federal Republic of Ger-
many.

The Federal Parliament has the legislative competence for the peaceful use of nuclear
energy. The legal base for the peaceful use of nuclear power in Germany is the Atomic
Energy Act /ll/. The Atomic Energy Act is executed - with some exceptions - by the
Lander on behalf of the Federal Government. In this respect, the Lander authorities are
under the supervision of the Federation with regard to the lawfulness and expediency
of their actions.

The "Regulatory body" in Germany is therefore composed of authorities of the Federal
Government and authorities of the Lander governments.

Federal Ministry for the Environment, Nature Conservation ¢

and Nuclear Safety (BMU)
Federal Office for Radiation Protection
(BfS)
Federal supervision of the Co-operation of federal and Lander
Iawfulnesfs rz\and ?xgedi(fané:y olf the ggvzlrgm::(tjs vr\:i_';zrt;tla e;ilmsI to Federal / Lander
actions of the Lander, federa velop uni y apply Committee for Nuclear
regulatory directive in single regulations and to achieve an equal Enerqy
cases level of precaution throughout the
federation
> Land ministry - responsible for )
licensing and supervision of nuclear installations

Subordinate Land authorities

Figure 2: Organisation of the Regulatory Body

By organisational decree, the Federal Government specifies the Federal Ministry com-
petent for nuclear safety and radiation protection. In 1986, this competence was as-
signed to the then newly established Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety (BMU).

Hence the BMU is the supreme regulatory authority in charge of nuclear safety and se-
curity in Germany.



Licensing and supervision of nuclear power plants are executed by the Lander on be-
half of the Federation. In this respect, the Lander authorities are under the oversight of
the Federation with regard to the legality and expediency of their actions.

Table 1: The Lander Licensing and Supervisory Authorities for Nuclear In-
stallations
Land Nuclear Installations |Licensing Authority Supervisory Authority
Baden-Wurttemberg | Obrigheim Environment Ministry Environment Ministry
Neckarwestheim 1 in agreement with
Neckarwestheim 2 Economics Ministry and In-
Ph!l!ppsburg 1 terior Ministry
Philippsburg 2
Bavaria Isar 1 State Ministry of the Envi- | Bavarian State Ministry of
Isar 2 ronment, Public Health the Environment and Pub-
Grafenrheinfeld and Consumer Protection | lic Health
Gundremmingen B | |n agreement with
Gundremmingen C | giate Ministry of the Econ-
omy, Infrastructure, Trans-
port and Technology
Hessen Biblis A Ministry of the Environment, Energy, Agriculture and
Biblis B Consumer Protection
Lower Saxony Unterweser Ministry for Environment and Climate Protection
Grohnde
Emsland
Schleswig-Holstein Brunsbiittel Ministry of Justice, Equality and Integration (MJGI)
Krimmel
Brokdorf

0.2 Framework and arrangements for response to nuclear accidents

In Germany there are comprehensive precautions and arrangements for emergency
preparedness as well as for operational experience feedback. These systems have
been presented in the German report to the 5th Review meeting under the Convention
on Nuclear Safety /1ll/.

Nuclear emergency preparedness comprises on-site and off-site planning and prepar-
edness for emergencies.

On-site emergency planning is realised by technical and organisational measures
taken at nuclear power plants to control an event or to mitigate its consequences (e.g.
preventive and mitigative accident management measures).

Off-site emergency planning comprises disaster control and precautionary radiation
protection. Disaster control serves for averting imminent danger. Precautionary radia-
tion protection aims at coping with consequences of unplanned radiological releases
below reference levels for short-term measures by means of precautionary protection
of the population and serves for preventive health protection.




In case of severe nuclear accidents in foreign plants after - in addition to emergency
response activities as appropriate - comprehensive safety investigations by licensees,
regulatory authorities supported by their independent expert organizations and safety
reviews by the RSK are well established practice in Germany.

In the past systematic, comprehensive safety reviews were performed by RSK after the
TMI 2 and Chernobyl accidents.

Main regulatory actions based upon results and recommendations of the RSK safety
review after the TMI accident in 1979 were concerned with:

— measures to enhance preventive safety
— human and organizational factors
— role of PSA as investigative tool

— consideration of beyond design conditions and related regulatory research

The regulatory actions based upon the RSK safety review after the Chernobyl accident
in 1986 were focused on:

— preventive and mitigative accident management

— periodic safety reviews (PSR): safety status, PSA, security status

Due to these reviews, comprehensive action plans have been performed with the aim
to extend the level of protection beyond the base on which the plants were originally li-
censed. In the context of the now legally required PSR any ten years safety and protec-
tion levels have to be reassessed using current site conditions and impacts conceiv-
able at the plant site.

0.2.1  General procedure in Germany for safety reviews in response to safety
significant incidents and accidents in NPP

After any safety significant incident or accident safety reviews are performed. Depend-
ing on the severity of the related event three action levels are distinguished:

— First level: Have there any deficits been revealed that need immediate actions to
ensure safety of operating plants.

— Second level: Are there any lessons to be learned from the specific events or event
sequence for improving safety precautions for a reliable prevention of similar event
sequences. Such measures have to be addressed in corrective action pro-
grammes.

— Third level: Are there generic lessons to be learned from phenomena or root
causes that have led to the accident. Such generic lessons are used to enhance
safety features and to strengthen or extend the defence in depth concept.

Such reviews have to be performed by licensees as well as by nuclear safety regula-
tors resulting in appropriate consequential actions. Depending on the severity of an ac-
cident such reviews can also lead to reassessments of the risks associated with nu-



clear power plant operation and related political and governmental considerations and
decisions.

The safety reviews after Fukushima now try the new approach of a stress test as prac-
ticed in other areas such as the banking sector. The current stress test will enable a re-
view of the validity of current design assumptions and of possible areas for additional
protective measures.

0.3 Realisation of the EU stress test in Germany

Shortly after the Fukushima accident a safety review of the nuclear power plants was
requested by the Federal Parliament as well as by Federal Government and Federal
State Governments. The competent Federal Minister, the BMU, asked its advisory
body, the RSK, to perform such a comprehensive safety review for preparing political
and regulatory decision. This RSK safety review was carried out from 15" March to 15"
May 2011. This review covered not only Fukushima related events but a broader spec-
trum of impacts due to initiating events conceivable at the site such as aircraft crash.
For this safety review the RSK received reports from the licensees and statements
from the Federal State regulators. RSK was supported by GRS, the expert organisation
of the BMU.

The implementation of the EU “stress test” follows the methodology and the schedule
as laid down in the ENSREG declaration. Regarding the technical scope of the “Stress
test” for the progress report there was no uniform European interpretation of inclusion
of extreme weather conditions and of the assessment of the loss of safety functions
provoked by indirect initiating events, for instance large disturbances from electrical
power grid impacting AC power distribution systems or forest fire, airplane crash.

The risks due to security threats will be treated by a different process at the EU level.
The outcome of this process can only be addressed in future reports.

The progress report takes of course advantage of the RSK safety review. Findings of
this review are summarized each chapter. Meanwhile licensee reports have been and
will be further developed, strengthening the input for regulatory review and certification.
On the other hand it is necessary to further streamline the process on the EU level to
enable adequate consistency and quality of the final licensee and national reports.

Scope and methodology of the EU “stress tests” are described in the following chapter.



1 Scope, methodology and general aspects of the licensee
reports

1.1 Scope and methodology of post Fukushima safety reviews in Germany

The safety review methodology as applied by the RSK /IV/ or as specified in the
ENSREG declaration /V/ evaluates the plant response to extreme external and internal
impacts and aggravating conditions in the environment of the plant combined with the
assumption of additional losses of safety functions. In these scenarios, the sequential
loss of safety functions and lines of defence is assumed in a deterministic approach, ir-
respective of the probability of such failures and losses. Based on the current plant
status (for the EU stress test status at the 30.06.2011) and behaviour as verified under
the supervision of the regulator and supplemented by additional analyses and engi-
neering judgment, any possible weaknesses are to be identified. Measures that can be
taken under such conditions to prevent or mitigate severe consequences are systemi-
cally analysed, including the assessment of robustness of design features, adequacy of
protective measures and possible cliff edge effects.

Such scenarios have not been considered in the licensing and supervisory procedures.
Instead, all measures were to be taken and assured that such extreme challenges can
practically be excluded. The current stress test will allow a review of the validity of cur-
rent design assumptions and of possible areas for additional protective measures.

In Germany, these comprehensive safety and risk assessments are performed follow-
ing two different approaches:

— the approach of the RSK as specified by requirements and assessment criteria

— the approach as specified by WENRA and ENSREG and agreed on 12"-13" May
2011.

The methodology, scope and depth of these two approaches show conceptional differ-
ences. The methodology of the RSK approach was based on the concept of robust-
ness levels. To assess the robustness four levels (basic and level 1 to 3) have been
defined by the RSK for any topic to be analysed. These levels reflect the assurance of
the required safety functions to prevent ,cliff edges®. The RSK based its review on li-
censee reports that have been prepared on the basis of a questionnaire.

In the approach for EU-“stress test” the approach and methodology for the reassess-
ment are presented by short instructions to any issue to be reported for the different
topics listed. Furthermore, the margins in view of robustness shall be described, but no
further classification is foreseen.

Concerning the scope of the assessment the RSK considered also the robustness of
precautionary measures. Furthermore, man made hazards including aircraft crash,
blast wave and toxic gases were analysed. Moreover, also terrorist and cyber attacks
have been considered and have been quoted in chapter 6.



e The progress report

The progress report will present the current status and results achieved so far from
both approaches. The final reports shall reflect further progress achieved by the licen-
see reports, regulatory reviews and of an improved common understanding on the EU
level regarding content, scope and methodology.

The reports by the German licensees used a structure that has been agreed in princi-
ple among the European utilities. This structure has been adapted by the German li-
censees to the German situation.

In each chapter, the results achieved by the RSK so far will be quoted in a concise
form. The RSK is continuing its work on issues of special interest identified so far. The
results and the on-going work programme are available on the homepage of the Reac-
tor Safety Commission (http://www.rskonline.de/English/index.html).

1.1.1 The safety review performed by the Reactor Safety Commission (RSK)

In connection with the events in the Japanese Fukushima-l plant, the German
Bundestag (Federal Parliament) called upon the German Federal Government on 17"
March 2011 to conduct a comprehensive review of the safety for the German nuclear
power plants. On the request by the competent, federal nuclear regulator the BMU, its
advisory body, the RSK, performed this review. The RSK endorsed the catalogue of
requirements for plant-specific reviews of German nuclear power plants in the light of
the events in Fukushima-I - Japan. The insights gained from the accident sequence in
Japan were to be considered in particular with respect to whether the current design
limits had been defined correctly and how robust the German nuclear power plants are
regarding beyond-design-basis events.

e General considerations

On the basis of the information available so far about the accident sequence in Japan,
the RSK derived the following need for review for the German nuclear power plants:

— Examination of to what extent the fundamental safety functions "reactivity control",
"cooling of fuel assemblies in the reactor pressure vessel as well as in the fuel
pool" and "limitation of the release of radioactive substances ( maintaining of the
barrier integrity)" are fulfilled in the event of impacts beyond the design require-
ments applied so far.

— Examination of to what extent the system functions for fulfilling the fundamental
safety functions remain available for assumptions going beyond the scenarios pos-
tulated so far.

— Review of the necessary scope of accident management measures and their effec-
tiveness.

One focus of the review regarding the robustness of all installations and measures was
on the identification of an abruptly occurring aggravation in the event sequence (cliff
edges) and, if necessary, on the derivation of measures for its avoidance (example:
exhaustion of the capacity of the batteries in the event of a station blackout). Included
in the scope of the review were:


http://www.rskonline.de/English/index.html

— Natural hazards such as earthquakes, flooding, weather-related effects as well as
possible simultaneous occurrences.

— Postulates that are independent of concrete event sequences, such as failures af-
fecting several redundant system trains, (common-cause failures, systematic fail-
ures), station blackout for longer than two hours, long-lasting loss of auxiliary ser-
vice water supply.

— Aggravating boundary conditions for the performance of accident management
measures, such as non-availability of electricity supply, hydrogen formation and
explosion risk, restricted availability of personnel, inaccessibility due to high radia-
tion levels, impairment of external technical support.

e Conclusions of the RSK safety review

Based on the robustness levels determined for each issue, the RSK came to the follow-
ing conclusion:

“It follows from the insights gained from Fukushima with respect to the design of these
plants that regarding the electricity supply and the consideration of external flooding
events, a higher level of precaution can be ascertained for German plants.

The RSK has furthermore reviewed the robustness of German plants with respect to
other important assessment topics.

The assessment of the nuclear power plants regarding the selected impacts shows that
for the topic areas considered, there is no general finding for all plants in dependence
of type, age of the plant, and generation.

The existing plant-specific design differences according to the current state of licencing
were only partially considered by the RSK. Plants that originally had a less robust de-
sign were backfitted with partly autonomous emergency systems to maintain the fun-
damental safety functions. In the robustness assessment performed here, this selec-
tively leads to evidentially high degrees of robustness.

The RSK has derived first recommendations for further analyses and measures from
the results of the plant-specific review:”

e Continuation of RSK consultations

Based on the results of the plant-specific safety review of German nuclear power plants
in the light of the events in Fukushima-1 the RSK agreed on the topics to be further
dealt with:

Earthquake

Consideration of all conditions of low-power and shutdown operation (e.g. flooded reac-
tor cavity during refuelling).

New curves for the determination of the probabilities of seismic acceleration loads at
concrete sites that might lead to a higher level of design earthquakes.



Flood

Protection of canals and buildings regarding the intrusion of water and the floating re-
sistance in the case of a higher level flood. Assumed postulate: flooding of the plant
site.

Accessibility of the plant buildings in the case of longer-term flooding.

Station blackout

Specific examination of low-power and shutdown operation and storage of the fuel as-
semblies in the fuel pool. Battery capacities, safety margins of the plants, demand for
10 hours of availability.

Loss of offsite power

Long-lasting loss of offsite power, superimposition of an aftershock with operation of
the emergency diesels.

Loss of service water supply

Robustness of the existing service water supply requirements under consideration of
account current operating experience, also taking into account the cooling of the fuel
assemblies both in the fuel pool and in the reactor core during low power and shutdown
operation.

Precautionary measures

In-depth examination of precautionary measures to prevent load crashes in the area of
the primary system and the fuel pool.
Generic aspects of “flooding of the annulus” in PWR plants

Accident management measures

Further development of the accident management concept under external hazard con-
ditions (re-establishment of the supply of three-phase alternating current, injection pos-
sibilities for the cooling of fuel assemblies, identification of available safety margins,
consideration of wet storage of fuel assemblies, etc.).

Supplementation of the requirements on accident management (SAMG).

Optimisation of available measures.

Aircraft crash

Consequential mechanical effects due to an aircraft crash that lead to a limited loss of
coolant.
Protection of the fuel pool of plants in decommissioned.

Release of explosive and toxic gases in the vicinity of plants

Verification of adherence to safety margins in the case of blast waves and site-specific
consideration of toxic gases.

Effects of an accident in one power plant unit on the neighbouring unit



Based on the damage states of a power plant unit, the consequences for the maintain-
ing of the fundamental safety functions of the unaffected unit are to be examined.

Generic issues

Superimposition of events with system operating conditions of short duration (e.g. su-
perimposition of earthquakes with loaded fuel assembly transport casks attached to a
crane).

Long-term operation and post-operational phase of the fuel pools.

Impact on grid stability.

The RSK has requested their expert committees to resume consultations on the re-
spective topics. The results of these consultations will be considered for the final report.

1.1.2 The ,stress test“-specifications of WENRA and ENSREG

The European Council concluded on 24™ and 25™ March that the safety of all EU nu-
clear plants should be reviewed on the basis of a comprehensive and transparent risk
assessment (“stress test”). ENSREG and the Commission were invited to develop as
soon as possible the scope and modalities of these tests.

In response to this request, ENSREG made use of the WENRA proposal of 22"-23"
March as a basis for the definition of the “stress test” and ENSREG published the
scope and modalities for comprehensive risk and safety assessments of EU nuclear
power plants on 13" May 2011. This “Declaration of ENSREG” /V/ determines the con-
cept, methodology and time schedule of the elaboration of this report.

The further proceeding was discussed at different opportunities and will be addressed
by different task forces to streamline reporting and peer reviews. The ENSREG Decla-
ration uses some terms which are important for the assessment. The current under-
standing of these terms is as follows.

“Stress test” is defined as a targeted reassessment of the safety margins of nuclear
power plants in the light of the events which occurred at Fukushima: extreme natural
hazards challenging the plant safety functions and leading to a severe accident.

“Cliff edge” is defined as a step change in the event sequence. Examples are the ex-
haustion of the capacity of the batteries in the event of a station black out or exceeding
a point where significant flooding of the plant area starts after water overtopping a pro-
tection dike.

These terms need a more precise and applicable definition in the context of the de-
fence in depth concept and the related safety and design concept as applied t plants.

1.1.3 The performance of the EU stress test in Germany

The BMU as the Federal regulator asked by letter of 30" May 2011 the Lander authori-
ties to initiate the EU stress according to the ENSREG Declaration, for those NPPs un-
der their regulatory supervision that fall under the ENSREG Declaration. The “stress
tests” were started by all German licensees latest on 1% June 2011 with the self-
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commitment to deliver the progress report until 15" August 2011 and the final report
until 31* October 2011 as requested by the ENSREG Declaration.

On invitation by the BMU a joint meeting of the regulatory authorities of the federation
and the federal states, of their designated safety experts and the licensees was held on
30" June 2011. The necessary activities of the parties involved, the timeframes of the
activities and issues of process implementation were discussed and agreed.

The basic procedure of the EU stress test in Germany is shown in figure 3:

Report to ELJ Council

: ) o Summary (Summary
13 site reports b Lander cenificates national report 14 national reports)

EU Commission

F 3

¥

Peer review teams

Authorised experts
of the Landar

Support of peer review process

Figure 3: Procedure of the EU stress test in Germany

1.1.3.1 The approach of the German licensees

As agreed at the meeting the licensees proposed a common structure of the licensee's
reports which covered the requirements and methods of the ENSREG Declaration to
be applied for all 13 sites in Germany. This structure was proposed after coordination
among NPP licensees in the EU. The proposed structure was accepted by the regula-
tors in principle with some amendments regarding assumptions, methods and - regard-
ing chapter 6 - the issues covered by the RSK safety review. Due to the tight time
frame these amendments could not be taken into account for the progress report by the
licensees.

In the licensee's reports, the respective plants of each site are examined site by site,
with special consideration of the site-specific conditions. By the deadline of 15" August
2011, the licensees had submitted their progress reports with an extent of 100 to 200
pages to the Lander supervisory authorities /10-27/. This national progress report
makes a first, but due to time constraints limited use of the licensee reports and of the
related reviews by the Lander supervisory authorities.
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1.1.3.2 Activities of the Lander authorities

It was commonly agreed that the Lander regulatory authorities prepare review certifi-
cates on the respective licensees' reports. In these certificates the following review as-
pects should be addressed:

Review aspect Progress Final

report report
1. Completeness of responses X X
2. Adequate application of the ENSREG methodology X X
3. Correct classification of the referenced documentation X X
4. Assessment of the engineering judgement (plausibility) X
5. Assessment of improvements proposed to increase the X

robustness

6. Short overall appraisal X X

Reviews of the submitted reported and references by the dedicated experts have al-
ready been initiated from the beginning. In this context the design base against exter-
nal hazards as verified by the regulatory authorities shall be highlighted to enhance the
common understanding in the EU. Compared to the RSK safety review presented on
16™ May 2011 meanwhile further supporting documentation and verifications have
been and will be presented by the licensees. These will enable more detailed regula-
tory review and assessment for the final report.

The licensees have reported on design base measures and on beyond design base
measures that have already been reviewed in the supervisory process. For these the
correctness of statements has been reviewed. For additional measures in the beyond
design base area only a plausibility review will be performed for the final report. The re-
views refer to the plant status of 30" June 2011.

Safety documentation referenced by the licensees is categorized as follows:

- category 1: reviewed and confirmed by experts in a licensing or supervisory
procedure

- category 2a: formally submitted for a licensing or supervisory procedure
- category 2b: not formally submitted for a licensing or supervisory procedure, but
with quality assurance by the licensee.

The review certificates for the licensee progress reports were forwarded to the BMU by
the federal state regulators until 2" September 2011. In these reports the main topics
such as earthquakes, flooding, emergency power case and accident management are
covered.

The final reports of the licensee reports, due on 31 October, will be reviewed by the
federal state regulators and their dedicated experts and discussed with the licensees
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until 18.11.2011. The summary reports of the federal state regulators will be sent to the
BMU until 02.12.2011.

The reviews of the licensee reports by the federal state regulators can be based on
continuous supervision of the plant’s safety status, operational experience and safety
records. As reported for the 5" Review Meeting under the CNS over their entire lifetime
- from the start of construction to the end of decommissioning with the corresponding
licences - nuclear installations are subject to continuous regulatory supervision in ac-
cordance with the Atomic Energy Act and accessory nuclear ordinances.

Supervision is performed by the Lander authorities. The Lander are assisted by inde-
pendent authorised experts. The decisions on supervisory measures to be performed
are taken by the regulatory authority. The supervisory authority pays particular atten-
tion to

- the fulfilment of the provisions, obligations and ancillary provisions imposed by
the licence notices,

- the fulfilment of the requirements of the Atomic Energy Act, the nuclear ordi-
nances and the other nuclear safety standards and guidelines, and

- the fulfilment of any supervisory order.

To ensure safety, the supervisory authority monitors, also with the help of its authorised
experts or by other authorities,

- the compliance with the operating procedures,

- the performance of in-service inspections of components and systems impor-
tant to safety,

- the evaluation of reportable events,
- the implementation of modifications of the nuclear installation or its operation,
- the radiation protection monitoring of the nuclear power plant personnel,

- the radiation protection monitoring in the vicinity of the nuclear installation, in-
cluding the operation of the independent authority-owned remote monitoring
system for nuclear reactors,

- the compliance with the authorised limits for radioactive discharge,

- the measures taken against disruptive action or other interference by third par-
ties,

- the trustworthiness and technical qualification and the maintenance of the quali-
fication of the responsible persons as well as of the knowledge of the otherwise
engaged personnel in the installation, and

- the quality assurance measures.

In accordance with the Atomic Energy Act, the authorised experts called in by the su-
pervisory authority have access to the nuclear installation at any time and are author-
ised to perform necessary examinations and to demand pertinent information
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1.1.3.3 Activities of BMU

The BMU prepares the national progress report by 15t" September and the final na-
tional report by 31" December 2011 on the basis of the licensees' reports and the re-
view certificates provided by the Lander regulatory authorities with expert support by
the GRS.

The structure of the final reports is guided by the structure of the licensees' reports. In a
preparatory phase until the end of August BMU and GRS elaborated a common
framework and the general background for each chapter taking the licensee’s progress
reports into account. The draft national progress report was exchanged between the
participants for comment and improvement.

After submittal of the national progress report to the European Commission on 15"
September 2011 all parties involved will discuss the further working programme to
complete the agreed work programme and to assure timely submittal of the final report
of Germany on 31.12.2011.

1.1.3.4 Structure of the German national report

The structure of the German national report follows mainly the chapters according to
the ENSREG Declaration and the agreed proposal by the licensees. In addition to
these chapters, the insights from the broader scope and specific methodology of the
RSK safety review are also included in chapter 6.

1.2 Sites and main plant data

Within the framework of the European stress test, 18 nuclear power plants at 13 sites
were analysed according to their status as at 30" June 2011. Of these plants, 17 had
an operating license until that date. The Obrigheim plant has been in permanently shut
down since 2005, but spent fuel is still stored in the spent fuel pool. Hence, according
to the definition of the “General Aspects” in the ENSREG Declaration, this plant also
has to be considered in the “stress test”.

Table 2 depicts the main data of the nuclear power plants.
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Table 2:

Main data of German NPP subjected to EU “stress test”

Type; thermal .
_ o Location of spent fuel
Name Construction power 1. Criticality storage
line [MW]
Location and number of units License holder
Biblis A* PWR 3517 16.07.1974 _ _
— in containment
Biblis B* 2 3733 25.03.1976
Two similar units at river upper Rhein RWE Power
PWR
Brokdorf 3 3900 08.10.1986 in containment
Single unit at river lower Elbe E.ON Kernkraft
BWR . o .
Brunsbiittel* 2202 | 23.06.1976 | '™ reactor building outside
69 containment
Single unit at river lower Elbe Kernkraftwerk Brunsbuttel
PWR
Emsland 4 3850 14.04.1988 in containment
Single unit at river Ems Kernkraftwerke Lippe-Ems
- PWR
Grafen 3765 | 09.12.1981 in containment
rheinfeld 3
Single unit at river Main E.ON Kernkraft
PWR . .
Grohnde 3 3900 01.09.1984 in containment
Single unit at river Weser E.ON Kernkraft
Gund- 09.03.1984 | o _
remmingen B BWR 3840 in reactor building outside
- 72 containment
Gund 26.10.1984

remmingen C

Two similar units at river Donau

Kernkraftwerk Gundremmingen

Isar 1* BWR 2575 20.11.1977 in reactor building outside
69 containment
PWR
Isar 2 4 3950 15.01.1988 in containment
Two different units at river Isar E.ON Kernkraft
BWR . . .
Kriimmel* 3690 14.09.1983 in reactor bu_lldlng outside
69 containment
Single unit at river Elbe Kernkraftwerk Krimmel
- PWR
Neck_ar 2497 26.05.1976 in containment
westheim 1* 2
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- PWR
Neckar 3050 | 29.12.1988
westheim 2 4
Two different units at river Neckar EnBW Kernkraft
. BWR . . .
Phlllplp)fburg 2575 09.03.1979 in reactor bu_lldlng outside
69 containment
ili PWR
Phlllpgsburg 4 3950 13.12.1984 in containment
Two different units at the upper Rhein EnBW Kernkraft
PWR
Unterweser 2 3900 16.09.1978 in containment
Single unit at the lower Weser E.ON Kernkraft
PWR
Obrigheim 1 1050 22.09.1968 in containment
Single unit in final shutdown at the Neckar EnBW Kernkraft

* shut down since German moratorium

1.3 Overview of main safety significant differences of units

According to the time of their construction, the nuclear power plants with pressurised
water reactors can be classified according to four construction lines, whereas those
with boiling water reactors belong to two different construction lines. The construction
line is given for each plant in the second column of table 2.

The plants of the 1st construction line of pressurised water reactors (Obrigheim and
Stade) have in the meanwhile been shut down. The 2™ construction line consists of
PWRs which went into operation in the end of the 70ties. These have been succeeded
by the so called “pre-Konvoi” plants of construction line 3 in the 80ties. The 4™ con-
struction line consists of three plants of the Konvoi type.

Concerning BWRs two construction lines are present, construction line 69 and 72.

The construction lines illustrate the continuous development in safety technology. The
1% and 2™ construction line of PWR and the 69 construction line can be dedicated to
generation 2 of the international categories of NPP and the other construction lines to
generation 3.

Design characteristics important to the safety of these construction lines have been
summarized and presented in the reports of Germany for the reports under the Con-
vention on Nuclear Safety.

The design underlying the safety concept shall be included in the final report. Before
that it has to be clarified on the EU level to what extent and level of detail the systems
for providing or supporting main safety function shall be addressed in the final national
report.
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1.4 Scope and main results of safety assessments SR/PSA

Since the beginning of the 1990s, Safety Reviews (SR) have been carried out every 10
years of plant operation according to standardized national criteria. They consist of a
deterministic safety status analysis, a probabilistic safety analysis (PSA) and a deter-
ministic analysis on physical protection of the plant.

The performance of safety reviews is stipulated in the amended version of the Atomic
Energy Act of April 2002 and based on the respective current national guidelines for
the deterministic and probabilistic safety analysis. Hence, the PSAs performed so far
are part of the SR.

1.4.1 General aspects of PSA in Germany

The probabilistic safety analysis (PSA) has to be performed as part of the SRs accord-
ing to a PSA guideline. Supplementary technical documents (“PSA Methods” and “PSA
Data”) to the regulatory guideline provide methods and data to be applied. The PSA
guideline was revised in November 2005 in view of an extended scope within the
framework of the Safety Review.

According to the guideline, a PSA for power operation is to be performed up to and in-
cluding Level 2 by applying methods corresponding to the state-of-the-art of science
and technology. Preferably plant-specific data have to be used.

A PSA for low power and shutdown states is to be performed up to the Level 1. Internal
initiating events as well as internal and external hazards obligatory have to be ana-
lysed.

The PSA analyses and quantifies the plant response to initiating events conceivable at
the site and plant. PSAs are used to assess strengths and weaknesses in particular
vulnerabilities and cliff edge effects in design and operation and to identify improve-
ments. Generally, relative criteria and not absolute criteria are used when comparing
the results to those from deterministic safety analyses and engineering judgement.
PSA results are also used to assess the determining factors and their significance con-
tributing to vulnerabilities of a plant and to assess the balance of plant design and op-
eration.

The frequency of operational occurrences and accidents due to internal and external
causes as well as potential faults and failures of the safety systems/components are
analysed. Further, erroneous human actions are addressed. Event sequences that lead
to plant states which cannot be controlled according to the designed safety features are
called hazard states. Additionally or instead core damage states have been analysed
and presented as end states of level 1 PSAs. At such end states also measures for
preventive accident management as specified in the emergency manual can be taken
into account.

Every plant in Germany has performed a PSA according to these requirements; some
plants make use of it as a Living-PSA. In the following chapter the main results are
summarised.
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1.4.2 Results of the PSAs

All of the values given in the PSA result tables are taken from the “stress test’-reports
of the licensees and have to be regarded as preliminary values. They may alter in the
final report. /10-29/. The values have been cross-checked partly by the Lander supervi-
sory authorities. Some results are still preliminary and need further review in the super-
Visory process.

The following tables show the results of PSA level 1 and level 2 for each NPP in Ger-
many:

In the tables “HS” is the abbreviation for the hazard states as outlined in the chap-
ter before and “CD” stands for core damage; “LERF” means large early release
frequency and “LRF” stands for large release frequency.

The table contents is based on the tasks which must be performed according to the
German PSA-Guide:

PSA Level 2 must be performed for internal initiating events in case of power oper-
ational states only;

PSA Level 1 must be performed for internal initiating events in case of power oper-
ation, low power operation and shutdown states;

PSA Level 1 must be performed for internal and external hazards in case of power

operation only.

A sum of the several CDF contributions to PSA Level 1 is only provided if the sum
is also mentioned in the “stress test™-report of the licensee. In this case it should be
an upper bound of the sum of all parts of the PSA level 1.

18



GKN | GKN I KKP 1 KKP 2
HSF [1/a] CDF [1/4] HSF [1/a] CDF [1/4] HSF [1/a] CDF [1/a] HSF [1/4] CDF [1/a]
PSA Level 1 Power operation 2,20 E-05 2,20 E-06 1,40 E-06 5,80 E-07 2,90 E-06 1,40 E-06 | 1,60 E-06% | 7,60 E-07 ®
Low power / 4,20 E-06 4,20 E-06 4,50 E-06 4,50 E-06 1,50 E-05 3,50 E-06 1,80 E-06 1,80 E-06
shutdown
Fuel pool cooling 7,00 E-08
Fire 1,50 E-05 8,60 E-07 2,10 E-06 1,90 E-07 8,30 E-06 1,50 E-06 5,50 E-07 5,50 E-07
Internal fIOOding 1,40 E-07 7,70 E-08 see power Operation
Airplane crash 1,40 E-08 1,40 E-08 2,60 E-09 2,60 E-09
Flooding 1,50 E-O7 4,80 E-08 8,20 E-08 3,40 E-09
Explosion 2,30 E-09 2,30 E-09 <1,00 E-07 | <1,00 E-O7
pressure wave
Earthquake 1,60 E-08 1,90 E-09 5,80 E-09 9,30 E-10 1,50 E-07 1,50 E-07
Extreme weather
conditions
Sum 7,30 E-06 5,40 E-06 6,50 E-06 3,30 E-06
PSA Level 2 LERF [1/a]
Power
Operation LRF [1/a] 5,6 E-08 Y 3,2 E-08Y 2,10 E-09 ?

1)Frequency of releases with more than 5% of core inventory of Caesium
JFrequency of releases with more than 1% of core inventory of Caesium

3)In(:luding internal flooding
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KKK KKI 1 KKI 2 KKG
HSF [1/a] CDF [1/a] HSF CDF [1/a] HSF [1/a] CDF [1/a] HSF [1/a] CDF [1/4]
[1/a]
PSA Level 1 Power operation 6,80 E-06 V) | 1,30 E-06 Y 9,50 E-08 3,20 E-07 ¥ 9,20 E-07 ?
3,70 E-06 ?
Low power / 1,70 E-06 | 4,60 E-07 1,40 E-06 ¥ 1,10 E-07 4,90 E-07 ¥
shutdown
Fuel pool cooling 2,00 E-O07
2,00 E-06 ?
Fire 1,45 E-07 1,40 E-07
Internal flooding see power operation
Airplane crash 6,80 E-09
Flooding 1,80 E-10 1,90 E-07 ” < 1,00 E-07 negligible
Explosion < 2,50 E-08
pressure wave
Earthquake 3,80 E-06 © negligible negligible negligible
Extreme weather negligible negligible negligible
conditions
Sum < 8,0 E-06
PSA Level 2 LERF [1/a] 8,10 E-08 V¥ 6,30 E-10 V12 3,10 E-11 92 1,80 E-10 *V*?
Power
Operation LRF [1/a] 1,30 E-07 V¥ 4,70 E-09 * 8,70 E-10 *? 2,80 E-10 *?

Yncludes the initiating events: transients, LOCAs, internal flooding

I ow power shutdown
9Coarse analysis

%< 10h after start of initiating event, more than 1% Caesium inventory

5)

immediately after start of initiating event, more than 1% Caesium inventory

6)Intensity < 6 (MSK), only frequency of IE has been calculated.

Frequency of dam failure [1/a]

¥ the frame of PSA Level 2: internal events only
9nternal and external events
nternal events

MEarly: until 10 h after start of IE

12)Large: min 1% of caesium core inventory
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KKB KRB B/C KBR KWB A
HSF [1/a] CDF [1/a] HSF [1/a] | CDF [1/a] | HSF [1/a] CDF [1/a] HSF [1/a] CDF [1/a]
PSA Level 1 Power operation 710E-06" | 1,90E-06" | 3,11E-07 | 1,78 E-07 1,20 E-06 ? 1,63 E-06
Low power / 3,50 E-05 3,30 E-06 4,85 E-07 1,40 E-06 1,10 E-06
shutdown
Fuel pool cooling | 2,50 E-07 ?
2,50 E-06 ¥
Fire 1,70 E-07 3,80 E-08 9,20 E-07 < 1,00 E-07 *
Internal flooding In ,Power 1,80 E-07
operation®
enthalten
Airplane crash 1,10 E-07 ¥ << 1,00 E-07
Flooding << 1,00 E-06 " 1,40 E-07
Explosion 1,10 E-06 ¥ < 7,00 E-08
pressure wave
Earthquake 3,60 E-06 © negligible
Extreme weather negligible
conditions
Sum < 1,00 E-05 < 3,00 E-06 ™V
< 3,00 E-05*?
PSA Level 2 LERF [1/a] 2,00 E-09 ¥ 1,30 E-10 99 < 1,00 E-09 1
Power
Operation LRF [1/a] 2,00 E-10 ¥

Dincludes the initiating events: transients, LOCAs, internal flooding
2)In(:luding external hazards

I ow power shut down
“Coarse analysis

®0nly frequency of IE has been calculated
®ntensity < 6 (MSK), only frequency of IE has been calculated

"Estimation (Frequency of IE 1,00 E-04, water intake for design flood << 1,00 E-02)
®Early: until 10 h after start of IE

g)Large: min 1% of caesium core inventory
19psA of level 2 not yet finished, results comparable to KWB B expected
Wconfirmed by reviewer in 2005
2A conservative estimation of the regulator, including earthquake and low power shutdown
For selected critical rooms only
“ILarge: > 10% lodine inventory; early: less than 10 h after start of initiating event

21




KWB B KKE KWG KKU
HSF [1/a] CDF [1/q] HSF [1/a] CDF [1/a] | HSF [1/q] CDF [1/4] HSF [1/a] CDF [1/q]

PSA Level 1 Power operation 8,11 E-07 2,33-07 1,52 E-06 5,4 E-07 8,10 E-07 ¥ 9,00 E-07 ¥

Low power / 6,30 E-07 4,40 E-O7 7,70 E-O7 1,00 E-06

shutdown

Fuel pool cooling

Fire 3,63 E-08 3,65 E-6 6,70 E-07

Internal flooding 1,95 E-09

Airplane crash 1,10 E-08

Flooding negligible negligible 6,50 E-07/a

Explosion -

pressure wave negligible

Earthquake 1,70 E-07 3,60 E-08 negligible

Extreme weather negligible negligible

conditions

sum
PSA Level 2 LERF [1/2] < 1,00 E-09 Y 2,21 E-08? 3,30 E-10 9
Power not completed
Operation LRF [1/a] 6,30 E-09 ?

< 10h after start of initiating event, more than 1% lodine or Caesium inventory

2)Large: > 10% lodine inventory, Early: less than 10 h after IE
Including external hazards

4)Early: until 10 h after start of IE

5)Large: min 1% of caesium core inventory
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2 Earthquakes

2.1 Generic aspects

All nuclear power plants in Germany were designed to withstand the natural external
hazards, such as wind and snow. In addition, flooding and earthquakes were taken into
account depending on the site specific hazard. For flooding, earthquake and lightning
nuclear safety standards are available, whereas the design against other natural haz-
ards is based on conventional civil engineering standards.

Design against earthquake

Since 1990, the design against earthquakes is based on a design basis earthquake
(formerly called “safe shut-down earthquake”) in accordance with safety standard
[KTA 2201.1] /2.1/. The so-called operating basis earthquake, formerly to be consid-
ered additionally according to the previous version of 1975, was replaced by an “in-
spection earthquake” where only the plant condition has to be checked. The design ba-
sis earthquake has the largest intensity that, under consideration of scientific findings,
could occur in a wider vicinity of the site (up to a radius of about 200 km). Depending
on the site, the intensity of the design basis earthquake varies between less than VI
and a maximum of VIl on the MSK scale.

In the power plants of older construction lines, the seismic qualification of civil struc-
tures, components and plant equipment was partly based on simplified (quasi-static)
methods which delivered the basic values for the corresponding design specifications.
In more recent nuclear installations, the newly developed dynamic analyses were also
applied.

Review by the requlatory authority

After the applicant had pre-selected a site, a regional planning procedure was initiated
which preceded the nuclear licensing procedure. This took into account all impacts of
the individual project on the public, on traffic ways, regional development, landscape
protection and nature conservation. Besides the site characteristics, the design of the
nuclear installation against external hazards was checked in the nuclear licensing pro-
cedure.

Re-evaluation of the site-specific conditions:

The safety reviews which have to be performed every ten years also include a re-
evaluation of the protective measures against external hazards, considering the devel-
opment of the state of the art. As a result of these reviews, measures have been taken
or planned as far as necessary.

The protection against external hazards is assessed on the basis of the Safety Criteria
for Nuclear Power Plants /2.2/, the RSK guidelines /2.3/, accident guidelines /2.4/ and
the relevant KTA safety standards /2.1/.
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The Safety Criteria for Nuclear Power Plants /2.2/ require that all plant components
necessary to safely shut down the nuclear reactor, to remove residual heat or to pre-
vent uncontrolled release of radioactive material shall be designed such that they are
able to perform their function even in the case of external hazards.

As regards the design against external hazards, the accident guidelines /2.4/ distin-
guish between hazards to be treated as design basis accidents in the sense of the
guidelines and hazards which, on account of their low occurrence probability, are not
considered as design basis accidents, and for which measures are taken to minimise
the risk. Accordingly, the external natural hazards (earthquake, flood, external fire,
lightning and other natural hazards) have to be considered as design basis accidents.

For some nuclear installations at sites with relevant seismicity, a re-evaluation of the
seismic safety has been performed due to the on-going development of methods for
seismic hazard analysis and for design verification in particular in the context of peri-
odic safety reviews. In general, the re-evaluations with regard to the design of compo-
nents showed that, on the basis of more precise seismic input and modern verification
methods, the technical equipment of the plants partly has considerable margins with
respect to seismic loading.

2.2 Results of the RSK safety review

In the framework of the RSK safety review the safety of the German NPPs was as-
sessed in particular with respect to the external hazards ‘earthquake’ and ‘flooding’.
This assessment was mainly focused on the robustness of the NPPs, i. e. the safety
margins available for beyond design basis events. Due to this focus, the appropriate-
ness of the design basis itself was not re-evaluated. From a comparison of the site
specific hazard and the design of the NPPs as well as additional questions regarding
potential effects of beyond design basis events and available accident management
measures for such events conclusions on the safety margins were drawn by the RSK.
To quantify the resilience of the plants the RSK defined robustness levels. For earth-
guakes these robustness levels were defined as follows:

“Basic level: The safety of the plant is demonstrated for an earthquake with an ex-
ceedance probability of 10-5/a.

Level 1. Design margins with respect to the earthquake determined plant-specifically
according to the state of the art in science and technology — basis: exceedance prob-
ability of 10-5/a — are shown such that the fundamental safety functions are maintained
also in the case of an intensity increase by one intensity level. Effective accident man-
agement measures may also be taken into account.

Level 2: Design margins with respect to the earthquake determined plant-specifically
according to the state of the art in science and technology — basis: exceedance prob-
ability of 10-5/a — are shown such that the fundamental safety functions are maintained
also in the case of an intensity increase by two intensity levels. Effective accident man-
agement measures may also be taken into account.

Level 3: Earthquakes with an intensity level greater than 2 are practically to be ex-
cluded at the plant site.
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Alternatively: Design margins with respect to the earthquake determined plant-
specifically according to the state of the art in science and technology — basis: ex-
ceedance probability of 10-5/a — are shown such that the fundamental safety functions
in the case of an intensity increase by two intensity level. Effective accident manage-
ment measures may also be taken into account. This is ensured by available safety
systems.”

The definition of the robustness levels on the basis of adding fixed values in terms of
macroseismic intensity is problematic from a scientific point of view, as the macroseis-
mic intensity scale cannot be considered linear and therefore, the addition of one step
in intensity can result in completely different additional loads (i. e. forces, stresses etc.).
Depending on the site specific hazard level used for the determination of the design
basis, one step in macroseismic intensity will also correspond to different exceedance
probabilities. Therefore, the robustness levels for different plants are not comparable:
For one plant Level 1 could mean resilience for a beyond design basis earthquake with
an exceedance probability of 10°/a whereas for another plant it could correspond to an
exceedance probability of 107/a.

Based on the licensee reports in April 2011 the RSK concluded:

“[...] that regarding the seismic design there partly exist considerable safety margins
and that the arguments put forward by the licensees in this respect are principally plau-
sible. This judgement is based i.a. on conservative assumptions in the calculation
chains and the knowledge gained from the seismic PSAs performed so far for the indi-
vidual plants. The RSK estimates the potential for safety margins in the magnitude of
one intensity level.

It could not be explicitly identified from the documents whether all conditions of low-
power and shutdown operation were considered (e.g. flooded reactor cavity during re-
fuelling). The RSK considers a discussion of this topic necessary. It shall add this point
to its working programme and deal with the resulting issues.

More recent curves are available for the determination of the probabilities that seismic
acceleration loads may be exceeded at concrete sites; these result from a service pro-
vided on the Internet by the GFZ German Research Centre for Geosciences in Pots-
dam. The RSK considers a discussion of this topic necessary. It shall add this point to
its working programme and deal with the resulting issues.” /2.2/

The robustness levels assigned by RSK give a qualitative indication of the potentially
available safety margins. A reasonable quantification of the available margins would
require new site specific hazard assessments for beyond design basis earthquakes, i.
e. earthquakes with exceedance probabilities smaller than 10°/a (median) and design
re-evaluations for higher loads than assumed in the current design basis. The typical
time scale for such assessments is on the order of two to three years.

! with respect to the generic hazard curves mentioned in the last paragraph, there is a wide-
spread consensus in the seismo-engineering community, that such generic curves cannot be
applied to NPPs as they do not duly account for the site specific seismicity and the local soil
conditions.
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2.3 Status related to Earthquakes and statement of the federal regulatory
body

2.3.1 Documents available to the federal regulator

e Progress reports of the licensees

So far, all licensees have provided a document dealing with the status related to earth-
qguake. Nearly all licensees have addressed almost all points of the ENSREG require-
ments. However, there are differences in the degree of detail. Some topics are still un-
dergoing internal review. For verification, documentation was referenced explicitly in
several reports.

The intensity of the design basis earthquake was determined and shown in licensee
reports both deterministically and probabilistically. The existing design basis was as-
sessed in all reports that have been evaluated so far as appropriate and as providing
safety margins for beyond-design-basis events. It showed that various postulates are
covered by the design basis earthquake and that safety margins exist up to an ex-
ceedance probability of 10 per year.

In most cases, the operating manual and the emergency manual are referred to as the
most relevant plant operating rules. Some licensees additionally refer to an emergency
response staff manual.

Indirect effects of an earthquake were considered, and most licensees reported that no
consequences for coping with the design basis earthquake could be identified. Building
structures and components that have no seismic design are not needed for controlling
safety functions after an earthquake event.

If offsite power is lost, the available emergency power supplies are challenged. In gen-
eral, those are designed to withstand the design basis earthquake. In some cases, ad-
ditional mobile generators are available.

Due to the low intensity of the design basis earthquake (I ~ VI - VIII), the assumption is
mostly that the infrastructure can continue to be used after the earthquake. Hence no
prevention or delay of the access of personnel and equipment is expected.

To ensure that the conditions of the valid operating licenses remain fulfilled, the licen-
sees mostly refer to the operating manual, recurrent inspections, the inspection man-
ual, and the periodic safety review. In some cases, reference was also made to the re-
spective licensee's own management system as well as to the evaluation of national
and international operating experience.

No external mobile equipment is necessary to control the design basis earthquake.
One licensee reports that even in beyond-design-basis scenarios that would require
accident management measures, no external mobile equipment is necessary. For sup-
port in emergency situations, the licensees have taken technical and personnel precau-
tions in the form of the Kerntechnischer Hilfsdienst GmbH, a nuclear emergency sup-
port organisation that is available at any time.

26



Regarding the safety-relevant systems and structures, there are so far no safety-
relevant deviations from the licensed conditions known.

Following the accident at the Fukushima nuclear power plant, some licensees have ini-
tiated additional reviews. So far, these have revealed that there are no modifications
required to increase the robustness of the plants in the event of an earthquake. Other
licensees report that this issue is currently being dealt with internally.

The majority of the licensees in Germany rate the earthquake intensity range and the
seismic risk as relatively low. Several licensees report that on the basis of the design
basis earthquake, the potential for safety margins lies in the range of about one inten-
sity level. In some individual cases, the spent fuel pool was also considered. Here, no
significant effects are expected. Other licensees report this issue is currently being
dealt with internally.

A few licensees report that at present no weak points or cliff edge effects can be identi-
fied. Most other licensees refer to on-going internal review of the issue. This also ap-
plies in a similar way to the provisions made to avoid these cliff edge effects or to en-
hance the robustness of the plants as well as the safety margins for the integrity of the
containment system.

The assessment of the earthquake intensity range which the plant can withstand with-
out a loss of containment integrity is still on-going internally at most of the licensees'.
The same applies to a beyond-design-basis earthquake and a beyond-design-basis
flood caused by it. In a few individual cases, a beyond-design-basis flood caused by an
earthquake was assessed to be physically impossible.

2.3.2 Certificates of the Lander

The Lander authorities have so far reviewed the licensee reports in terms of complete-
ness of responses, the adequate application of the ENSREG methodology and the cor-
rect classification of the referenced documentation (if already done by the licensee). In
general the adequate application of the ENSREG methodology was confirmed. The
design base as referenced and categorized has been confirmed. The review of licen-
see reports showed some needs for amendments and harmonisation of content. /10-
27/

2.3.3  Further work planned for the final report

The licensees identified as the main topics for the final report an update of the chapters
on robustness, the provision of information about cliff edge effects and the evaluation
of possible plant improvements. Also references and their categorization have to be ex-
tended. Additional guidance from the EU level would be useful.

The competent authorities will cooperate to harmonise the degree of detail of the dif-
ferent reports and therefore work on a common structure for their certificates.
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3 Flooding

3.1 Generic aspects

All nuclear power plants in Germany were designed to withstand the natural external
loads, such as wind and snow. In addition, flooding and earthquakes were taken into
account depending on the site specific hazard. For flooding, earthquake and lightning
nuclear safety standards are available, whereas the design against other natural haz-
ards is based on conventional civil engineering standards.

Depending on the overall cooling concept for the nuclear power plant, the system de-
sign has to comply with requirements important to safety for the cooling water supply. It
has been verified for the individual site conditions that the cooling water supply is en-
sured even under unfavourable conditions, e.g. low water in the river or failure of a river
barrage.

Design against flooding:

Since 1982, the requirements for flood protection measures have been specified in nu-
clear safety standard [KTA 2207] /3.1/, revised in the years 1992 and 2004. Pursuant to
this standard, a permanent flood protection has to be provided.

Under special boundary conditions, protection against the difference between the water
levels of a flood with an exceedance probability of 10%/a and the design basis water
level of 10/a may also be provided by temporary measures.

The sites of the nuclear power plants are mostly located inland at rivers and, in some
cases, at estuaries with tidal influences. In most of the cases, sites have been selected
which are located sufficiently high. In all other cases, the structures important to safety
were sealed for water tightness and were built with waterproof concrete. Furthermore,
the openings (e.g. doors) are located above the level of the highest expected flood. If
these permanent protective measures should not be sufficient, mobile barriers are
available to seal the openings.

Review by the requlatory authority

After the applicant had pre-selected a site, a regional planning procedure was initiated
which preceded the nuclear licensing procedure. This took into account all impacts of
the individual project on the public, on traffic ways, regional development, landscape
protection and nature conservation. Besides the site characteristics, the design of the
nuclear installation against external hazards was checked in the nuclear licensing pro-
cedure.

Re-evaluation of the site-related factors:

The safety reviews which have to be performed every ten years also include a re-
evaluation of the protective measures against external hazards, considering the devel-
opment of the state of the art. As a result of these reviews, measures have been taken
or planned as far as necessary.
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The protection against external hazards is assessed on the basis of the Safety Criteria
for Nuclear Power Plants /3.2/, the RSK guidelines /3.3/, accident guidelines /3.4/ and
the relevant KTA safety standards /3.1/.

The Safety Criteria for Nuclear Power Plants /3.2/ require that all plant components
necessary to safely shut down the reactor, to remove residual heat or to prevent un-
controlled release of radioactive material shall be designed to be able to perform their
function even in the case of external hazards.

The design requirements specified in the regulatory guidelines /3.4/ for external haz-
ards distinguish between hazards to be treated as design basis accidents and hazards
which, on account of their low occurrence probability, are not considered as design ba-
sis accidents, and for which measures must be taken to minimise the risk. Accordingly,
the external natural hazards (earthquake, flood, external fire, lightning and other natural
impacts) are considered as design basis accidents.

In order to standardise the procedure for flood protection, safety standard [KTA 2207]
/3.1/ was revised and has been available since November 2004 in an updated version.
The changes compared with the previous version concern, in particular the specifica-
tion and determination of the design basis flood. It is now consistently based on an ex-
ceedance probability of 10™/a. Since then, the amended safety standard has been ap-
plied to all modification licences regarding flood protection.

3.2 Results of the RSK safety review

In the framework of the RSK safety review the safety of the German NPPs was as-
sessed in particular with respect to the external hazards ‘earthquake’ and ‘flooding’.
This assessment was mainly focused on the resilience of the NPPs, i. e. the safety
margins available for beyond design basis events. Due to this focus, the appropriate-
ness of the design basis itself was not re-evaluated. From a comparison of the site
specific hazard and the design of the NPPs as well as additional questions regarding
potential effects of beyond design basis events and available accident management
measures for such events conclusions on the safety margins were drawn by the RSK.
To quantify the resilience of the plants the RSK defined robustness levels. For flooding
these robustness levels were defined as follows:

“Basic level: The safety of the plant is demonstrated for a design basis flood (10,000-
yearly flood).

Level 1: Design margins with respect to the design basis flood (10,000-yearly flood) de-
termined plant-specifically according to the state of the art in science and technology
are shown such that maintaining of the fundamental safety functions is ensured for
river sites in the case of a water discharge increased by the factor 1.5 and for tide sites
in the case of flood higher than one metre with respect to the de-sign basis flood and in
the case of postulated failure of barrages due to a common cause failure of dikes or
similar structures. Effective accident management measures may also be taken into
account.

Level 2: In addition to Level 1, design margins with respect to the design basis flood
(10,000-yearly flood) determined plant-specifically according to the state of the art in
science and technology are shown such that maintaining of the fundamental safety
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functions is ensured for river sites in the case of a water discharge increased by the
factor 2.0 and for tide sites in the case of flood higher than two metres with respect to
the design basis flood and the resulting water level. Effective accident management
measures may also be taken into account.

Level 3: Owing to the topography and the plant design considering the assessment cri-
teria of Level 2, a failure of fundamental safety functions is practically excluded. Tem-
porary measures are not taken into account.” /3.2/

The definition of the robustness levels on the basis of adding fixed values to the water
level of the design basis flood or multiplying the discharge corresponding to the design
basis flood by fixed values is problematic from a scientific point of view for various rea-
sons: (1) Depending on the site specific conditions (e. g. topography, hydrological con-
dition in the catchment basin etc.) already Level 1 (i. e. adding 1 m water level or multi-
plying the discharge by a factor of 1.5) could lead to unrealistic (physically impossible)
assumptions. (2) The safety of a plant w.r.t. floods depends on the water level at the
location of the site. The discharge in the river is not directly linked to this water level,
because higher discharges could - in extreme cases - lead to lower water levels at the
site. E. g., if upstream or downstream of the plant civil flood protection measures falil
and retention areas are opened during extreme flood events this could reduce the wa-
ter level at the site even to values below the design basis flood level. (3) Depending on
the site specific hazard level used for the determination of the design basis, the addi-
tion of one meter in water level or the multiplication of the discharge by a factor of 1.5
might correspond to completely different exceedance probabilities (c. f. Section 2.2.1
on the results of the RSK safety review for earthquakes).

Based on the licensee reports in April 2011 the RSK concluded:

“As for the fulfilment of the robustness criteria regarding impacts caused by flooding,
the assessment by the RSK showed for all plants that there are significant design mar-
gins with respect to the 10,000-yearly flood postulated according to the current state of
the art in science and technology. The extent of these margins differs from plant to
plant. A final judgement of what relevance these differences have is not possible in this
first step of the safety review as site-specific conditions for an increase in the volumet-
ric flow rate or a rise in the water level, especially also taking the transgression prob-
abilities into account, are not considered in the criteria.

The accessibility of the premises of several plants is restricted in the case of the water
levels considered here. In the case of some plants, their premises will already be
flooded if the design flood occurs. The RSK recommends in these cases that the as-
surance of the safety of the plant during the course of a longer-lasting flood should be
reviewed as part of the supervisory procedure.

Owing to a lack of information, the RSK could not consider the protection of canals and
the floating resistance of building structures under these increased impacts.

The Biblis A and B plants as well as the Emsland plant are classified by the Reactor
Safety Commission as having the highest robustness level (Level 3) due to their topog-
raphical location and plant layout. The Isar 2 and Krimmel plants achieve Level 2 in
the assessment. The Isar 1 plant reaches Level 1. All other plants can reach Level 1 or
higher if corresponding supporting documents are provided. According to the docu-
ments presented, the Unterweser plant cannot fulfil the criteria to reach Level 1.” /3.2/
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The robustness levels assigned by RSK give a qualitative indication of the potentially
available safety margins. A reasonable quantification of the available margins would
require new site specific hazard assessments for beyond design basis floods, i. e. for
floods with exceedance probabilities smaller than 10*/a, and re-evaluations of the flood
protection measures for higher loads (water levels, dynamic forces etc.) than assumed
in the current design basis. Due to the limited availability of historic data on water levels
and the inhomogeneity of the data sets due to the impact of river regulations, the de-
termination of flood hazard curves covering exceedance probabilities smaller than 10°
“a involves very large uncertainties that do not allow a reliable hazard assessment.

3.3 Status related to flooding and statement of the federal regulatory body

3.3.1 Documents available to the federal regulator

e Progress reports of the licensees

So far, all licensees have provided a document dealing with the status related to flood-
ing. Nearly all licensees have addressed almost all points of the ENSREG require-
ments. However, there are differences in the degree of detail. Some topics are still un-
dergoing internal review. For verification, documentation was referenced explicitly in
several reports.

The height of the design basis flood has been given in all reports evaluated so far. Al-
though the licensees refer to different flood levels (ranging from the 100-year flood up
to the 100,000-year flood) for the controlling flood event at the site, all licensees have
shown that their design basis flood complies with the requirements of KTA 2207 /3.1/, i.
e. the 10,000-year flood event is covered by the design. The failure of a dike and the
failure of a river barrage as well as precipitation with snowmelt were also considered.

According to most licensees, the appropriateness of the design follows from conserva-
tive calculation methods and is confirmed by current analyses, such as the periodic
safety review. One licensee reports large safety margins compared with the design.

The licensees have listed the most important structures, systems and components that
are necessary for reaching a safe shutdown condition and that are to remain available
after the flood. One licensee reports the presence of temporary installations for protect-
ing premises and buildings against flooding.

Several licensees do not require specific provisions for maintaining the water intake
function. In some cases, owing to expected arising of dirt, provisions have to be made
to ensure the operation of the fine screens and travelling screens in the intake struc-
ture.

Most licensees do not require specific provisions for maintaining emergency power
supply as the emergency power system is designed against the design basis flood or is
located in a position that is safe from flooding.

According to the licensees' reports, permanent and temporary flood protection meas-
ures exist. The permanent measures mentioned include backfills which provide that the
site is at or above the level of the design basis flood and the construction of dikes.
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Temporary protection measures are taken in dependence of the flood level. One licen-
see also mentions constantly filled auxiliary service water lines in order to avoid floating
of un-operated auxiliary service water lines upon flooding.

In most cases, the operating manual and the emergency manual are referred to as the
most relevant plant operating rules. Some licensees additionally refer to the in-service
inspections (testing manual), emergency response staff manual, and communication
exercises.

Secondary effects of floods were also considered: Restrictions of or damage to the ex-
ternal water and electricity supplies have to be reckoned, and the same applies to ac-
cessibility, leading up to supplies being possible exclusively from the air. In the case of
one plant, it was assumed that as a consequential event of a design basis flood, the
plant has to deal with large amounts of flotsam and offsite power would be lost. The
consequential events assumed had no effects on the availability of safety functions.

Some licensees need not to presume a loss of offsite power as the external power
supply is designed against the design basis flood. One licensee mentions restrictions
and possibly loss of the external power supply in the event of flooding.

Accessibility of the plants during a design basis flood is possible in most cases. Access
roads to the plant premises are mostly trafficable, transport routes on the plant prem-
ises and access to buildings is not significantly restricted. Some licensees reckon with
limitations of the accessibility of the plant under certain circumstances. However, it is
possible to reach the plant by watercraft or from the air. One licensee reports that al-
though the plant premises are accessible, the surrounding area of the power plant are
not.

To ensure that the conditions of the valid operating licenses remain fulfilled, the licen-
sees mostly refer to the operating manual, the emergency manual, the inspection man-
ual, and the periodic safety review. In some cases, references were also made to the
respective licensee's own management system as well as to the evaluation of national
and international operating experience.

Control of the design basis flood is mostly ensured by design basis measures alone, so
that no mobile devices, accident management measures or external equipment are
needed. In plants that do use mobile equipment, this mobile equipment is regularly in-
spected and monitored according to the operating manual/inspection manual. No ex-
ternal equipment is needed.

According to the licensees' reports, there are so far no safety-relevant deviations from
the licensed conditions with respect to flooding known.

Following the accident at the Fukushima nuclear power plant, some licensees initiated
additional reviews. So far, these have revealed no deviations from the licensing re-
quirements. On this basis, in most cases there are no modifications required to in-
crease the robustness of the plants in the event of a flood. One licensee has initiated
measures to further enhance flooding protection in case of a beyond design basis
flood. Other licensees report that this issue is currently being dealt with internally.

Re-evaluations of the height of a possible flood have been made. These estimates
range from assumptions that there will be no deviation from the design requirements up
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to the exclusion of an occurrence of flood events exceeding the design basis flood. In
some plants, this re-evaluation is still pending.

The advance warning times for additional protection measures are such that sufficient
time is available for implementing the measures.

Some licensees report that at present no weak points or cliff edge effects can be identi-
fied e.g. (1) since no flooding higher than the design basis flood can occur at the site
due to the physical conditions or (2) since even in the event of a 1,000,000-year flood,
all buildings protected against flooding — including the safety-relevant systems housed
inside them — will remain available. Other licensees refer to on-going internal review of
the issue.

The review of the provisions to avoid cliff edge effects or to enhance the robustness of
the plant is in most cases still on-going. As a first result, most licensees report that at
present, no potential for plant modifications, improvements or additional provisions can
be derived. One licensee has applied for an increase in the height of the flooding pro-
tection for the buildings of the emergency diesel generator system and the central wa-
ter chiller, the reactor auxiliary building, the reactor building annulus, and the main-
steam and feedwater valve annex.

3.3.2 Certificates of the Lander

The Lander authorities have so far reviewed the licensee reports in terms of complete-
ness, the adequate application of the ENSREG methodology and the correct classifica-
tion of the referenced documentation (if already done by the licensee). In general the
adequate application of the ENSREG methodology was confirmed. The design base as
referenced and categorized has been confirmed. The review of licensee reports
showed some needs for amendments and harmonisation of content. /10-27/

3.3.3  Further work planned for the final report

The licensees identified as main topics for the final report an update of the chapters on
robustness, the provision of information about cliff edge effects and the evaluation of
possible plant improvements. Also references and their categorization have to be ex-
tended. Additional guidance from the EU level would be useful.

The competent authorities will cooperate to harmonise the degree of detail of the dif-
ferent reports and therefore work on a common structure for their certificates.
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4 Loss of electrical power and loss of ultimate heat sink

4.1 Loss of electrical power

41.1 Generic aspects

The generic requirements for the electrical power supply in nuclear power plants in
Germany are contained in KTA 3701 /4.1/. According to this safety standard, the plant's
own unit generator has to be capable of supplying the safety-relevant consumers (,load
rejection to auxiliary station supply“ automatic systems have to be available); also, two
offsite connections have to exist for electrical power supply from which the electrical
power for all trains of the emergency power system can be obtained (main grid connec-
tion and standby grid connection). If possible, these two connections should be func-
tionally separate from each other and decoupled with regard to their protection, and
they should also be linked either to separate grid system switchgears or to different vol-
tage levels. The connection of the standby grid connection in case of a challenge has
to take place automatically. If the above-mentioned supply options are not available,
emergency power generators with diesel engines and batteries have to be additionally
provided on site to ensure the electrical power supply of the emergency power con-
sumers. Furthermore, there has to be at least one further supply option providing the
electrical power required as a minimum to supply one residual-heat removal system
train to ensure residual-heat removal (e.g. the emergency power system connection). It
has to be possible to add this emergency power system connection manually on de-
mand.

The requirements for the design of the emergency power generators are regulated in
KTA 3702 /4.2/. From this, it follows that there has to be a n+2 redundant design. Re-
quirements for the storage of auxiliary and operating materials are also specified. Fol-
lowing an RSK recommendation /4.3/, the requirements for battery capacity were laid
down to be greater than 2 hours. As regards the protection of the plant against man-
made external hazards, either specially protected additional emergency power genera-
tors were installed or existing installations received protective cover.

The emergency power system design in German plants has been described in the
German report to the 5™ Review Meeting on the Convention on Nuclear Safety in 2011
4.4/ presenting in particular the following tables:
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Table 3:

Electric power supply, PWR

Design characteristics

Construction

Construction

Construction | Construction

line 1 line 2 line 3 line 4
Number of independent off- At least 3
site power supplies
Generator circuit breaker Yes

Auxiliary station supply in the
case of off-site power loss

Yes, load rejection to auxiliary station supply

Emergency power supply 2 trains with 4 trains with 1 diesel each
3 diesels alto-
gether, or
4 trains with
1 diesel each
Additional emergency power 2 trains 1 - 2 trains, unit 4 trains with 1 diesel each
supply for the control of ex- support system at
ternal impacts one double-unit
plant
Uninterruptible DC power 2 X 2 trains 4 trains (except 3 x4 trains
supply for 1 plant with
2 X 4 trains)
Protected DC power supply 2 hours
Separation of trains Intermeshed Partially inter- Largely non-intermeshed
emergency pow- [ meshed emer- emergency power supply,
er supply, gency power physical separation of the
physical separa- supply, emergency power supply grids
tion of the emer- | physical separa-
gency power | tion of the emer-
supply grids gency power
supply grids
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Table 4: Electric power supply, BWR

Design characteristics Construction line 69 Construction line 72
Number of independent off-site At least 3
power supplies
Generator circuit breaker Yes
Auxiliary station supply in the Yes, load rejection to auxiliary station supply
case of off-site power loss
Emergency power supply 2 - 6 trains 5 trains
with at least 1 diesel each with 1 diesel each
Additional emergency power 2 - 3 trains 1- 3 trains
supply for the control of external with 1 diesel each with 1 diesel each
impacts
Uninterruptible DC power 2 X 2 trains or 2 x 3 trains
supply 4 x 2 trains
Protected DC power supply At least 2 hours
Separation of trains Partially intermeshed emergen- | Largely non-intermeshed emer-
cy power supply, physical sepa-| gency power supply, physical
ration of the emergency power | separation of the emergency
supply grids power supply grids

4.1.2 Results of the RSK safety review

On request of the BMU, the RSK examined the robustness of the German plants
against the occurrence of a station blackout (SBO) and in the event of a long-lasting (>
2 hours) SBO as part of the plant-specific safety review. To start with, the focus was on
power operation as initial condition, and the failure of the power supply systems of the
so-called basic level was postulated. A review of this postulate is subject to the super-
vision procedure.

The basic level was postulated as follows:

The following installations exist to prevent SBO: grid connection, standby grid connec-
tion, supply via the unit's own generator, an emergency power generating facility that
fulfils the requirements of nuclear safety standards KTA 3701 /4.1/ and 3702 /4.2/, and
an additional independent three-phase alternating current supply that will be available
in the short term (e.g. assured power supply) or mutual unit support.

For the assessment of robustness, the following assessment criteria were drawn up:
Level 1

Power supply for the necessary safety installations (other than emergency installations)
for maintaining of the fundamental safety functions can be ensured by an additional di-
verse and redundant (at least n +1) emergency power system.
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Alternatively:

For the postulated failure of the installations of the basic level, maintaining of the fun-
damental safety functions can be ensured for at least up to 10 hours with available bat-
tery capacities as well as procedural measures to maintain residual-heat removal that
correspond to the respective power supply (e.g. steam-driven injection pumps, fire
pumps). Accident management measures can be implemented during this period by
means to supply sufficient power.

Level 2

In addition to the basic level, there is another diverse supply for emergency power con-
sumers complying with the requirements for safety systems with at least n+1 and that is
also protected against rare external hazards (aircraft crash, etc.), e.g. D2-emergency
power grid, emergency system.

Level 3

In addition to Level 2, there are battery capacities for at least 10 hours as well as pro-
cedural measures to maintain residual-heat removal that correspond to the respective
power supply (e.g. steam-driven injection pumps, fire pumps) to ensure the necessary
safety functions. Accident management measures can be implemented during this pe-
riod by means to supply sufficient power supply.

RSK-findings:

“In principle, it can be stated that the electrical power supply of the German nuclear
power plants is very robust compared to the majority of the plants world-wide including
Fukushima I. All German plants dispose of at least one additional assured supply and
several emergency power generators, of which at least two are protected against ex-
ternal hazards.

As concerns a station blackout during low-power and shutdown operation and the ef-
fects on the cooling of the fuel assemblies in the fuel pool, there were only isolated li-
censees's statements available that could be included in the RSK safety review. Both
the RSK and the supervisory authorities will follow this up.

Hence, in the assessment of the licensees' answers to the questions relating to the
"long-lasting station SBO" by means of the robustness criteria, the RSK concentrated
on power operation as initial plant condition.

In summary, the following can be stated for the individual plants:

As for the Biblis A and B, GKN 1, Isar 1 and Kriimmel plants, it is considered possible
that they can fulfil level 1 pending further verification. This concerns in particular addi-
tional verifications to prove the effectiveness of additional grid connections or a cross-
connection to the neighbouring unit.

Apart from the D1 diesels (basic level), the Konvoi and pre-Konvoi plants dispose of di-
verse and redundant D2 emergency diesels for steam generator feeding and for the
power supply of further fundamental safety functions. The D2 emergency diesels sup-
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plying the emergency feedwater system are protected against external hazards, includ-
ing an aircraft crash. Hence these plants fulfil the robustness criteria according to level
2.

All other plants fulfil the robustness criteria according to level 2 by way of diverse, re-
dundant emergency diesels supplying the emergency feedwater system or by means of
second-level emergency systems for residual-heat removal in combination with an
emergency power supply from the neighbouring unit or a further grid connection. In
these cases, the protection against external hazards, including an aircraft crash, is also
achieved by structural measures or by physical separation of the different emergency
power supply installations.

All licensees operating PWRs and BWRs have provided information about battery ca-
pacities, measures for core cooling, and accident management measures to re-
establish power supply. In most cases, the information about the battery discharge
times is so far not sufficient to allow an assessment of whether in the event of a total
loss of the three-phase AC power supply, the battery discharge times will be long
enough to maintain necessary safety functions over a period longer than10 hours or
more in combination with measures.

Regarding the robustness of the design against a loss of offsite power lasting longer
than 72 hours, the following can be summarised on the basis of the review so far:

According to the licensees’ information, contracts or oral agreements exist with respect
to the supply of auxiliary and operating materials. In most cases, no information was
provided within the framework of the RSK review about the times of delivery of the aux-
iliary and operating materials nor about any damage caused by natural external ha-
zards.

According to the licensees, in some cases there are considerable supplies of oil and
fuel stored on the plant site. For some plants, operation over several weeks is thereby
possible. There is no information available about the protection of these materials
against natural external hazards, nor about transport protection.

With a few exceptions, all plants have access to mobile emergency power generators
in their surroundings. In these cases, the times until the availability of the mobile emer-
gency power generators lie clearly below 72 hours.”

4.1.3  Status related to loss of electrical power and statement of the federal
regulatory body

4.1.3.1 Documents available to the federal regulator

e Progress reports of the licensees

So far, the licensees have described the design of the plants, as required by the
ENSREG specifications. Furthermore, provisions for a long-lasting loss of offsite power
with and without external support have been described. In addition, the designs of the
plants against a loss of offsite power and an additional loss of the normal standby pow-
er supply source, the corresponding battery capacities, and — where appropriate — the
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times until the occurrence of fuel damage have been described. Also, a large number
of the plants have already provided information about the design against a loss of off-
site power, an additional loss of the normal standby power supply source, and a failure
of other diverse facilities for AC current supply. Some individual subchapters (e.g. time
before damage of fuel becomes unavoidable) were interpreted differently by the licen-
sees, leading to certain issues being mentioned in different places. Regarding the de-
scription of cliff edge effects and the robustness of the plant, the majority of the licen-
sees refer to the final report. In individual cases, improvement measures are men-
tioned, like the setting-up of mobile facilities. As regards the classification of docu-
ments, many licensees refer to the final report. /1-9/

4.1.3.2 Certificates of the Lander

The Lander authorities have so far reviewed the licensee reports in terms of complete-
ness of responses, the adequate application of the ENSREG methodology and the cor-
rect classification of the referenced documentation (if already done by the licensee). In
general the adequate application of the ENSREG methodology was confirmed. The
design base as referenced and categorized has been confirmed. The review of licen-
see reports showed some needs for amendments and harmonisation of content. /10-
27/

4.1.3.3 Further work planned for the final report

The licensees identified as main points for the final report an update of the chapters on
robustness, the provision of information about cliff edge effects and an evaluation of
possible plant improvements. Also references and their categorization have to be ex-
tended. Additional guidance from the EU level would be useful.

The competent authorities will cooperate to harmonise the degree of detail of the dif-
ferent reports and therefore work on a common structure for their certificates.

4.2 Loss of ultimate heat sink

4.2.1 Generic aspects

In the German nuclear power plants, the situation regarding the design of the circulat-
ing water and auxiliary service water systems differs from site to site. The regulations
principally demand a n+2 redundant design for active components of the safety-
relevant auxiliary service water systems. So far, there is no requirement in the regula-
tions for a diverse heat sink; nevertheless, for some plants the possibility exists to re-
move the heat to a heat sink that is independent of the river, such as a well or a multi-
ple-cell cooling tower.

In the case of PWR plants, it has to be taken into account in the event of a loss of the
auxiliary service water supply during power operation that there is no challenge of the
residual-heat removal chain as steam generator feeding is carried out by correspond-
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ing systems. In shutdown condition, the residual heat is removed via a residual-heat
removal chain to the river water. The same applies to the heat generated in the fuel
pool and the heat loss involved in the operation of safety-relevant components such as
diesels and electric motors. The supply units such as pumps, diesel engines and pipes
are protected by physical separation or bunkering in such a way that in the event of an
external impact, at least one train will remain available for residual-heat removal
(emergency residual-heat removal chain). The electric power supply of the emergency
residual-heat removal chains comes from the installations of the emergency standby
buildings (PWR) or from the emergency diesels that are protected against external
hazards (BWR). /4.3/, 14.5/, 14.6/, 14.7/, 14.8/, 14.9/, /4.10/

4.2.2 Results of the RSK safety review

The loss of the auxiliary service water system was also part of the RSK safety review.

The assessment showed that the loss of the auxiliary service water system is con-
trolled in all plants by corresponding accident management measures. The GKN 2,
KKE and KKP 2 plants dispose of diverse heat sinks. In the KKB and KKP 1 plants, in-
dependent diverse and redundant auxiliary service water system trains are available to
maintain the fundamental safety functions.

Not all plants provided information about the postulated loss of the auxiliary service wa-
ter supply, which is necessary for the assessment of the robustness of the cooling of
the fuel assemblies in the fuel pool. This assessment will be followed up within the
framework of the licensing procedure. Moreover, one partial aspect of the failure as-
sumptions, namely the complete loss of the circulating water return in areas with CCF
potential (e.g. entry of the circulating water return lines into a building), was as a rule
not dealt with in the answers presented by the licensees'. The RSK recommends that if
there is any CCF potential, corresponding accident management measures should be
provided for all operating phases in the plants concerned.

4.2.3 Status related to loss of ultimate heat sink and statement of the federal

regulatory body

4.2.3.1 Documents available to the federal regulator

e Progress reports of the licensees

So far, the licensees have described the designs of the plants to deal with the loss of
the ultimate heat sink and the safety-relevant auxiliary service water system, as re-
quired by the ENSREG specifications. Furthermore, the plant designs with regard to a
loss of the ultimate heat sink and the safety-relevant auxiliary service water system as
well as an alternative heat sink were described. There was also a description of the
loss of the ultimate heat sink in combination with a station blackout. Some individual
subchapters (e.g. time before damage of fuel damage becomes unavoidable) were in-
terpreted differently by the licensees, leading to certain issues being mentioned in dif-
ferent places. Regarding the description of cliff edge effects and the robustness of the
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plant, the majority of the licensees refer to the final report. As regards the classification
of documents, many licensees refer to the final report. /1-9/

4.2.3.2 Certificates of the Lander

The Lander authorities have so far reviewed the licensee reports in terms of complete-
ness of responses, the adequate application of the ENSREG methodology and the cor-
rect classification of the referenced documentation (if already done by the licensee). In
general the adequate application of the ENSREG methodology was confirmed. The
design base as referenced and categorized has been confirmed. The review of licen-
see reports showed some needs for amendments and harmonisation of content. /10-
27/

4.2.4  Further work planned for the final report

The licensees identified as main topics for the final report an update of the chapters on
robustness, the provision of information about cliff edge effects and the evaluation of
possible plant improvements. Also references and their categorization have to be ex-
tended. Additional guidance from the EU level would be useful.

The competent authorities will cooperate to harmonise the degree of detail of the dif-
ferent reports and therefore work on a common structure for their certificates.
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5 Severe accident management

5.1 Generic aspects of severe accident management

Following the TMI accident in 1979 and as a consequence of Chernobyl accident in
1986, numerous studies were carried out looking into the feasibility and effectiveness
of measures to prevent or limit the consequences of beyond-design-basis events with
core melt. The results of the "German Risk Study Nuclear Power Plants — Phase B"
(1981-1989) in particular had an important influence on the decisions taken by the
RSK, e.g. the first recommendations of the 238" meeting on 23" November 1988 on
accident management as well as the comprehensive RSK recommendations of the
273th meeting on 9" December 1992.

The licensees subsequently committed themselves to implement the measures rec-
ommended by the RSK in their plants as far as the given conditions allowed. In con-
trast to many other concepts developed during the 1990s, numerous plant upgrades
were performed, also concerning selected preventive and mitigative accident manage-
ment measures for relevant plant states.

In the context of safety reviews as required today the licensees have to report also on
accident management measures. The corresponding guideline specifies a set of
beyond design base scenarios to be analysed and covered by the emergency manual.
Currently additional Guidance (Severe Accident Management Guidance) is under con-
sideration and already partially implemented in plants.

Table 5 shows the status of implementation of important accident management meas-
ures in BWRs and Table 6 the status of implementation of accident management
measures in PWRs. /5.1/
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Table 5: Implementation of accident management measures in BWRs

5/2010

Measure

KKB

KKI 1
KKP1

KKK
KRB B

KRB C

Emergency manual

Independent injection system

Additional injection and refilling of the reactor
pressure vessel

Assured containment isolation

| ® |O|e

| ® |O|e

Diverse pressure limitation for the reactor
pressure vessel

Filtered containment venting

Containment inertisation

*

Supply-air filtering for the control room

Emergency power supply from neighbouring
plant

Increased capacity of batteries

Restoration of off-site power supply

Additional off-site power supply
(underground cable)

e (oo [] oj0oj0o| © 0o © (0|0

Sampling system in the containment

@)

o ® (|| [ (efejo| @ 6/ @ o0
ol ©6 o|0( ©6 06/0 (06 © 06 & O 0

Ol @ (eje| ] |o|jeo(0e| ©¢ o/ © (0@

ol @ [o|<| © |0(®|0| @

ol @ [o|<| © |0(®|0| @

* wetwell inerted, drywell equipped with catalytic recombiners

¥ design ® realised through backfitting measures
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Table 6: Implementation of accident management measures in PWRs

5/2010
< — |0 N N
D O (O] @ N w

Measure g z g ¥ | [2 |8 |ao |z X Z

< o c X X v v X V7 o)
Emergency manual ® ® ® ] ] ° ° ° ° ° °
Secondary-side bleed e (o ° ) ) ) ) ) ) v v
Secondary-side feed e (o ° ° ) ) ) ) ) ) )
Primary-side bleed e | o ° o o ° ° o o ° °
Primary-side feed e (o ) ) ) ) v ) ) v v
Assured containment ° ° ° ° ° v ° ° ° v v
isolation
Flltered containment ° ° ° ° ° ° ° ° ° ° °
venting

Catalytic recombiners to
limit hydrogen formation

Supply-air filtering for
the control room

Emergency power sup-
ply from neighbouring o | o o O| o0 ° Oo| O O o
plant

Sufficient capacity of the
batteries

Restoration of off-site v
power supply

Additional off-site power
supply (underground e | o ° ° o ° ° o o ° °
cable)

Sampling system in the
containment

v’ design ® realised through backfitting measures O applied for O not applicable
* installation of sampling system in revision 2011

e Justification, concepts and implementation of the plant internal accident
management measures and approaches

Probabilistic Risk Analyses performed since the late 70ies in Germany have highlighted
the following two key findings:

e Due to existing safety margins, operating and safety systems for the control of de-
sign-basis accidents can provide additional and reliable protection against core
melt in many beyond-design-basis events if they are correspondingly considered.

e The operating personnel can contribute essentially to controlling even beyond-
design accident sequences and thus to preventing core melt. Accident analyses
and risk studies have shown that in many cases, the operating personnel has in
general sufficient time available to act appropriately.
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Hence the logical conclusion was to evaluate the potential for flexible use of the engi-
neered systems with consideration of their safety margins by the operating personnel in
postulated beyond-design-basis events.

In this context, the RSK recommendations of the years 1987 and 1988 comprised:

1. the preparation of an emergency manual?,

2. measure to ensure core cooling,

3. measures to retain activity and to maintain the integrity of the reactor pressure
vessel, and

4, measures to ensure emergency power supply.

In the non-mandatory guidance instruments, a joint recommendation of RSK and SSK
on the complex of accident management/emergency preparedness serves as a refer-
ence for the "Alarm criteria”. In the recommendation®, the terms pre-alert and disaster
alarm are defined as follows

e Pre-alert:
A pre-alert is triggered if in an event in a nuclear installation there has so far been
no or only a slight effect on the environment compared with the criteria for trigger-
ing a disaster alarm, but if due to the plant state it cannot be excluded that effects
might occur that correspond with the criteria for triggering a disaster alarm.

e Disaster alarm:
A disaster alarm is triggered if following an accident in a nuclear installation, a haz-
ardous release of radioactive materials into the environment has been ascertained
or is threatening to occur.

This also includes the so-called criteria concept, which is subdivided as follows:

e ageneral dose criterion consisting of
e general plant criterion (see Table 7) and special plant criterion

e general release criterion with emission criterion and immission criterion (see
Table 8)

> "The emergency manual is a manual that is an open document. New insights can lead to its

extension.“ (Statement of the RSK at the 244" meeting on 24™ May 1989)
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Table 7:

General plant criterion

Measure

Plant state

Alarm level

The fundamental safety ob-
jectives are fulfilled.

Safe condition

No alert/alarm

The fundamental safety ob-
jectives cannot be fulfilled by
the means provided for this
purpose by the design.

The plant state is beyond the
design condition, i.e. the
safety state is not as per de-
sign.

Pre-alert

The fundamental objectives
cannot be fulfilled even by
means of accident manage-
ment measures.

A plant state prevails where
hazardous releases have
been ascertained or are
threatening to occur.

Disaster alarm

Table 8:

General release criteria

Criterion

Pre-alert

Disaster alarm

Immission criterion

In the vicinity of the
plant

0.1 mSv/h over
several hours

1 mSv/h over sev-
eral hours

Emission criterion

Nuclide-specific ef-
fective dose (io-
dine, noble gases
and suspended ma-
ter) and thyroid
dose (iodine)

At one tenth of the
reference values for
disaster alarm

NPP and nuclides
specific reference
values, which lead
to effective doses
higher than 10mSv
or a thyroid dose of

50mSv

5.2 Results of the RSK safety review

Regarding the accident management measures the Reactor Safety Commission has
derived the following review needs for the German nuclear power plants:

“Review of the necessary scope of accident management measures (AMM) and their
effectiveness. Here, the extent and the quality of pre-planning for postulated event se-
guences, such as the non-availability of the cooling chain for cooling of the fuel assem-
blies in the reactor core as well as in the fuel pool, the non-availability of electricity
supply, and any massive fuel assembly damage that may occur up to core meltdown,
have to be assessed. Furthermore, a substantial destruction of the infrastructure and
inaccessibility due to high local dose rates as well as the availability of personnel also
have to be assessed”.

Furthermore, the scope of the review has to include:

“Aggravating boundary conditions for the performance of accident management meas-
ures, such as non-availability of electricity supply, hydrogen formation and explosion
risk, restricted availability of personnel, inaccessibility due to high radiation levels, ag-
gravation of external technical support”
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An extensive list of issues was set up and served as a basis for the review procedure.
The objective was to clarify,

— to what extent the existing accident management measures are effective even
under further-reaching assumptions regarding aggravated boundary conditions
caused by external hazards or with respect to failure postulates, and

— to what extent additional accident management measures for a further minimi-
sation of the residual risk might be useful.

The Reactor Safety Commission concludes that the answers of the licensees supplied
to the list of questions are presently not sufficient to allow a consistent allocation of the
plant-specific AMM to the different levels according to the defined criteria. With respect
to the events at Fukushima, following the evaluation of the answers and other informa-
tion provided, the RSK has therefore derived generic key aspects for further considera-
tions.

The accident management concept should be further developed so as to ensure the ef-
fectiveness of the AMM even in the event of external hazards. Here, the following as-
pects following/during external hazards have to be considered:

e limitations of the accessibility of the power plant area and power plant buildings,
e operability of the AMM,

e availability of the remote shutdown and control station.

The availability of alternating current is a necessary prerequisite for the majority of the
AMM by which safety functions can be ensured or re-established. Against this back-
ground, the accident management concept should be developed further so that in a
postulated SBO the supply of alternating current can be re-established within a plant-
specifically determined grace period. From the point of view of the RSK, this includes:

e external-hazard-protected layout of standardised feed points on the outside of the
buildings for the supply of the emergency power busbars and, where necessary, of
emergency power busbars supplying the emergency feedwater system (intercon-
nectable in the building).

e external-hazard-protected provision of mobile emergency power generators with
sufficient capacity for supplying one redundant residual-heat removal train or for
recharging batteries.

Review of the accident management concept with regard to injection possibilities for
the cooling of fuel assemblies and for ensuring subcriticality. Here, the following as-
pects have to be taken into account:

e External-hazard-protected provision of mobile pumps and other injection equipment
(hoses, connectors, couplings, etc.) as well as of boric acid, with required grace pe-
riods for provision and delivery at the scene.

e Assurance of a water intake that is independent of the receiving water and avail-
able even after an external impact (physical separation if necessary).

e Possibilities of injecting water into the steam generators, reactor pressure vessel
and the containment (in the latter case also with consideration of higher back-
pressures) without the need to enter areas with high risk potential (dose rate, de-
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bris load) and to be able to compensate local destruction (e.g. by permanent and
physically separated injection paths).

e Optimisation of the BWR accident management measure of steam-driven high-
pressure injection in a SBO to prevent the high-pressure path during core melt
(maintaining of a sufficient pressure suppression capability at increased tempera-
ture in the pressure suppression pool).

The safety margins still available in the beyond-design-basis range have to be identi-
fied on the basis of corresponding analyses and can also be used by application of
procedures developed on this basis. This should be taken into account in connection
with the implementation of the so-called Severe Accident Management Guidelines
(SAMG).

Increased consideration of the wet storage of fuel assemblies in the accident manage-
ment concept, taking the following aspects into account:

e Possibilities of injecting water into the wet storage facility for fuel assemblies with-
out the need to enter areas with high risk potential (dose rate, debris load) and to
be able to compensate local destruction (e.g. by permanent and physically sepa-
rated injection paths).

e To ensure evaporation cooling: updating of the safety demonstrations for the fuel
pool, reactor cavity, setdown pool, reactor cavity seal liner which are at boiling
temperature.

5.3 Status related to Severe Accident Management and statement of the fed-
eral regulatory body

5.3.1 Documents available to the federal regulator

e Progress reports of the licensees

The licensees have delivered in the progress reports a description of the Severe Acci-
dent Management organization and the available measures in their plants. /1-9/ The
descriptions follow a uniform structure taking into consideration the ENSREG-
Specifications:

The Severe Accident Management Concept has been described in detail regarding
organisation and management.

The available preventive and mitigative Accident Management Measures (AMM) for
core cooling and for the protection of the containment integrity have been described in
further detail.

The AMM currently in place at the various stages of loss of the core cooling function
have been described for the requested situations according to the ENSREG specifica-
tion i.e. before and after occurrence of fuel damage in the RPV.

48



Also AMM and plant design features for protecting the integrity of the containment func-
tion after occurrence of fuel damage have been described. In German NPP inertisation
by nitrogen and /or an autocatalytic recombiners are used to prevent H2 deflagration or
detonation as a challenge for the containment. A long-term over-pressurization of the
containment is prevented by filtered venting.

Adverse conditions are treated so far in the reports as boundary conditions for the ex-
ecution of the measure and as far as these conditions are considered in the design of
the measure.

In summary it can be stated that the licensees have presented a detailed description of
the Severe Accident Management in their plants considering the ENSREG-
Specifications. Some licensees make reference to the final report for issues which are
in progress. The issue identification of cliff edge effects has not been handled uniformly
by the licensees: Some licensees argue that sharp criteria for cliff-edge effects and the
time before it (e.g. a specific failure pressure of the containment) can not be deter-
mined due to the conservative plant design and due to different applicable accident
management measures. In fact, plant components and measures have failure proba-
bilities with different band widths, which do not lead directly into a catastrophic beha-
viour of the plant. Other licensees argue that the German safety philosophy considered
in the plant design excludes a sudden loss of a fundamental safety objective (which re-
sults from a cliff edge effect).

Also the issue behaviour of accident management measures under adverse conditions
has not been handled uniformly by the licensees: Some licensees evaluate the behav-
iour considering what the situation could be on site, other one focus the evaluation
more on the design of the measures and one licensee argues that without a previous
event sequence analysis the failure of an accident management measure can not be
stated.

Long-term post-accident activities for accident management measures (ENSREG-
Specification) were not yet considered in the licensee progress reports. However, some
licensees report about the possible extension of accident management concept in the
frame of the development of SAMG (Severe Accident Management Guidance) to fur-
ther mitigate the consequences of severe accidents.

5.3.2 Certificates of the Lander

The Lander authorities have so far reviewed the licensee reports in terms of complete-
ness of responses, the adequate application of the ENSREG methodology and the cor-
rect classification of the referenced documentation (if already done by the licensee). In
general the adequate application of the ENSREG methodology was confirmed. The re-
view of licensee reports showed in some cases needs for amendments of the licensee
reports, in particular additional statements to the specified and already installed AM-
measures.

49



5.3.3 Further work planned for the final report

The licensees identified as main points for the final report an update of the chapters on
robustness, the provision of information about cliff edge effects and already installed
AM-measures and an evaluation of possible plant improvements. Also references and
their categorisations have to be extended. The review of licensee reports showed some
needs for amendments and harmonisation of content. /10-27/ Additional guidance from
the EU level would be useful.

The competent authorities will cooperate to harmonise the degree of detail of the dif-
ferent reports and therefore work on a common structure for their certificates.
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6 Consequences of loss of safety functions from any initiating
event conceivable at the plant side

In the technical scope of the ENSREG Declaration it is mentioned (page 4) that “Fur-
thermore, the assessment of consequences of loss of safety functions is relevant also if
the situation is provoked by indirect initiating events, for instance large disturbance
from the electrical power grid impacting AC power distribution systems or forest fire,
airplane crash”.

In this sense in the national RSK safety review man made hazards have been ana-
lysed. Based on this analysis the related procedure, results and insights are summa-
rized.

6.1 Man made hazards

The following man made hazards have been considered in the RSK safety review:
— Aircraft crash
— Gas release including blast wave

— Terrorist attacks including attacks on computer-based controls and systems

In addition to the man made hazards also the effects of an

— impact of an accident in a power plant unit on the neighbouring unit

have been considered.

6.1.1 Catalogue of requirements for plant-specific reviews

The following catalogue of requirements, listed in keywords, was set up for the review.
The catalogue refers to the entire reactor complex, including the fuel pools, and covers
all operating conditions.

e Topic “aircraft crash”

Review of maintaining of the fundamental safety functions in case of commercial air-
craft or military aircraft crash (accidental, deliberate) with consideration of the following
aspects:

— Crash scenarios taking into account aircraft type, speed, loading, impact loca-
tion, etc.

— Structural reserves in case of loads caused by aircraft impact
— Mechanical impacts including impact of wreckage
— Fuel fire effects

— Effectiveness of spatial separation
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— Leak as consequential event (e.g. due to induced vibrations)

— Feasibility and effectiveness of accident management measures with consid-
eration of impacts on infrastructure and personnel

e Topic “gas release”

Review of the boundary conditions for the determination of the site-specific impacts
caused by toxic and explosive gases and blast wave

e Topic “terrorist attacks”

Review of maintaining of the fundamental safety functions or accident management
measures in case of

— Loss of individual infrastructures or buildings (parts thereof)
— Selective local destruction of systems

o Topic “external attacks on computer-based controls and systems”

Review of maintaining of the fundamental safety functions in case of external attacks
on computer-based controls and systems

e Topic “impact of an accident in a power plant unit on the neighbouring unit”

Review of the impact of a beyond design basis event in a power plant unit on the
neighbouring unit.

6.1.2 Levels of Protection

The following levels of protection have been defined to assess the degree of robust-
ness in case of the man made hazard.

6.1.2.1 Aircraft crash

For the aircraft crash a difference is made between the mechanical impact (impact of
the aircraft) and the thermal impact (kerosene fire).

Mechanical Degree of protection 1

Maintaining of the fundamental safety functions in the event of a military aircraft crash
(Starfighter type).

Thermal Degree of protection 1

Maintaining of the fundamental safety functions in case of accident-caused kerosene
fire due to crash of a military aircraft at least of the Starfighter type.

Mechanical Degree of protection 2
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Maintaining of the fundamental safety functions in case of an aircraft crash considering
the load-time function according to the RSK guidelines and a load-time function of a
medium-size commercial aircraft.

Thermal Degree of protection 2

Maintaining of the fundamental safety functions in case of accident-caused kerosene
fire due to crash of a medium-size commercial aircraft.

Mechanical Degree of protection 3

Maintaining of the fundamental safety functions in case of an aircraft crash considering
the load-time function according to the RSK guidelines and a load-time function of a
large commercial aircraft.

Thermal Degree of protection 3

Maintaining of the fundamental safety functions in case of accident-caused kerosene
fire due to crash of a large commercial aircraft.

6.1.2.2 Gas release

The assessment on this topic has been subdivided since different issues are con-
cerned that cannot be dealt with together.

e The blast wave is to be assumed directly at the buildings.

e The release of flammable gases may also have other impacts (e.g. on the service
water, power supply installations).

e Toxic gases may have a different profile of detectability and effects.

6.1.2.2.1 Blast wave

Degree of protection 1

With respect to robustness it is ensured that in the event of related impacts, the funda-
mental safety functions are maintained also if taken into account potential consequen-
tial damages and potential impact-related personnel un-availabilities - in accordance
with the requirements of the guideline on blast waves issued by the Federal Ministry of
the Interior (BMI).

Degree of protection 2

In the event of a blast wave 20% higher (pressure distribution curve) compared to De-
gree of protection 1, the fundamental safety functions are maintained also if taken into
account potential consequential damages and potential impact-related personnel un-
availabilities. Further, destruction of the infrastructure has to be taken into account also
considering potential consequential damages. Accident management measures may
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be considered if those are designed against such impacts or can be provided from out-
side the plant in due time.

Degree of protection 3

In the immediate vicinity and at the plant site, sources for explosive gases - both sta-
tionary and temporary with release potential - leading to a failure of the fundamental
safety functions is practically excluded.

6.1.2.2.2 Flammable gases
Degree of protection 1

Flammable gases are detected and isolations are installed to maintain the fundamental
safety functions.

Degree of protection 2

In addition to Degree of protection 1:
Automatic isolations are installed to maintain the fundamental safety functions.

Degree of protection 3

In addition to Degree of protection 2:
Automatic isolations with a more sophisticated design (e.g. redundant, diverse) are in-
stalled to maintain the fundamental safety functions.

6.1.2.2.3 Toxic gases
Degree of protection 1

The toxic gases that might be present in the surrounding area and at the site were de-
termined and plant-specific protection measures are provided. For the identified toxic
gases, isolations of supply air for the main control room are installed.

Degree of protection 2

In addition to Degree of protection 1:
Automatic isolations of supply air for the main control room are installed.

6.1.2.3 Terrorist attacks

6.1.2.3.1 Failure of the fundamental safety functions depending on the effort
required for destruction
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Considering the physical protection measures that are currently in place, the protection
measures of the plants against external hazards (blast wave, aircraft crash) also repre-
sent at the same time a far-reaching status of protection against terrorist attacks by ex-
ternal intruders. In addition, a wide spectrum of possible destructions of essential sys-
tem functions through terrorist attacks is covered by the consideration of the effects of
postulates concerning the loss of the electricity and coolant supplies.

Within the time-frame set for this safety review, the RSK is not able to perform a ro-
bustness assessment of the plants regarding the necessary overcoming of staggered
protection measures. Due to the high level of confidentiality regarding physical protec-
tion measures, the results of an assessment would only be available to a restricted
group of persons.

6.1.2.3.2 External attacks on computer-based controls and systems

At present, no software-based systems are in use in the reactor protection systems of
German nuclear power plants.

Software-based systems are partly used in limitation systems and operational systems.
Despite the defence-in-depth concept it is therefore necessary to examine the effects
of such attacks with regard to the robustness of these systems.

This is currently being done within the supervisory procedures of the Lander as a result
of the Information Notice issued by GRS.

6.1.2.4 Effects of an accident in one power plant unit on the neighbouring unit
Degree of protection 1

A failure of the fundamental safety functions of the unaffected neighbouring unit is pre-
vented by permanently installed systems and the monitoring of their operation. These
systems at least comply with the requirements for emergency systems, and measures
are provided that the required operating personnel can perform the necessary activities
at least over a period of 1 week in shift operation without violation of the radiation ex-
posure limits for the operating personnel.

Degree of protection 2

A failure of the fundamental safety functions of the unaffected neighbouring unit is pre-
vented by permanently installed systems and the monitoring of their operation. These
systems at least comply with the requirements for emergency systems, and measures
are provided that the required operating personnel can perform the necessary activities
in the long term.

6.2 Results of the RSK Safety Review

e Procedure of the robustness assessment
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The RSK prepared a "Catalogue of requirements for plant-specific reviews of German
nuclear power plants in the light of the events in Fukushima-Il (Japan)". To classify the
results of the safety review, the RSK defined graded criteria regarding robustness for
the review topics mentioned in this catalogue and applied these criteria for the as-
sessment (referred to in the following as assessment criteria).

Such a review of the plants with respect to their behaviour in the event of impacts be-
yond the design basis and upon postulated un-availabilities of safety system in terms of
a safety review is carried out for the first time. The assessment criteria postulated by
the Reactor Safety Commission serve solely for a topic-specific differentiation with re-
gard to the existing safety margins and do not represent any regulatory requirements.
With the time available, it was not possible to generate these assessment criteria with
regard to the quantitative approaches on the basis of scientific limit analyses for this
first statement by the Reactor Safety Commission.

Similarly, the different approaches in the assessment criteria could not be systemati-
cally reviewed with regard to their consistency with each other nor with regard to their
relevance for the existing defence-in-depth concept of the plants. The different as-
sessment aspects will thus always have to be assessed specifically to the particular
topic. The RSK considers summarising or compensatory assessments for one plant to
be methodically incorrect.

e Man made hazards

The assessment criteria for a postulated aircraft crash differ in three degrees of pro-
tection. Here, a difference is made between the mechanical impact (impact of the air-
craft) and the thermal (kerosene fire) degree of protection according to the considera-
tion of the crash of an aircraft comparable to a Starfighter (Degree of Protection 1), the
load-time diagram of the RSK Guidelines (Phantom), or the crash of a medium-size
commercial aircraft (Degree of Protection 2) and additionally of a large commercial air-
craft (Degree of Protection 3).

Consequential mechanical effects due to an aircraft crash that lead to a limited loss of
coolant, e.g. leaks in small pipes, have so far not been postulated and could not be as-
sessed within the framework of this review. The RSK will include this in its working pro-
gramme and deal with the resulting issues.

For all pre-Konvoi and Konvoi PWR plants as well as for the BWR plants KKK and KRB
B/C, proof has been furnished that the requirements resulting from the load assump-
tions according to the RSK Guidelines (Phantom military aircraft) are fulfilled (Degree
of Protection 2). As regards the crash of civil aircraft, further proof of its possible control
has to be furnished for a confirmation of Degree of Protection 2 and 3.

For the KKU, KKI 1 and GKN 1 plants, the criteria of Degree of Protection 1 are de-
monstrably fulfilled. To fulfil Degree of Protection 2, further proof is necessary; Degree
of Protection 3 cannot be reached on the basis of the documents presented.

Regarding the KWB-A and B, KKB and KKP 1 plants, fulfilment of the mechanical De-
gree of Protection 1 — for KKB and KKP1 also fulfilment of the thermal Degree of Pro-
tection 1 — depends on the presentation of further proof.
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Regarding the capacity of withstanding loads from blast waves, the assessment by the
Reactor Safety Commission shows that the Degree of Protection 1 can be confirmed
for all German NPPs, with the exception of the plants mentioned in the following, with
regard to the assumed load (pressure according to the BMI Guideline).

As for the adherence to safety margins, there is also confirmatory information in some
cases. In other cases, however, no clear statement can be derived from the information
provided with respect to the adherence to safety margins. A corresponding review
within the framework of this RSK safety review was not possible. The RSK therefore
recommends that such reviews should be carried out additionally within the framework
of the supervisory procedure.

In the case of the KWB-A, KKP 1, KKI 1 and GKN 1 plants, lower load were assumed,
justified by site-specific conditions. Whether the Degree of Protection 1 is fulfilled de-
pends on the presentation of additional proof and its confirmation.

According to the BMI Safety Criteria, the entry of explosive materials into the plant
has to be prevented. Here, the site-specific boundary conditions have to be taken into
account. Having implemented measures to fulfil this requirement, all plants reach De-
gree of Protection 1. Against the background of the site-specific conditions, however,
the plant-specific implementations of these protection measures differ from each other.
As regards an isolation of the ventilation system upon a gas alarm, automatic ventila-
tion isolation is implemented in the KBR, KKB, KKE, KWG, KKK and KKU plants (De-
gree of Protection 2).

The site-specific consideration of toxic gases is part of the design concept of German
nuclear power plants. Having implemented measures to fulfil this requirement, all
plants reach Degree of Protection 1. An automatic detection of such gases in terms of
Degree of Protection 2 has not generally been installed; only in the Unterweser nuclear
power plant is it planned to install an automatic detection system with resulting auto-
matic ventilation isolation. The RSK considers a discussion of this topic necessary. It
shall add this point to its working programme and deal with the resulting issues.

Regarding the effects of an accident in one power plant unit on the neighbouring
unit, no specific questions were posed by the RSK. Hence there is no information that
might be evaluated available on this topic area. Against the background of the experi-
ence gained from Fukushima, the RSK recommends that an analysis of this issue
should be carried out as part of the supervisory procedure for the twin-unit plants con-
cerned. Based on the postulated damage states of the neighbouring unit (i.a. fires, ac-
tivity releases, core damage states, core meltdown), this analysis has to examine the
consequences and assess the maintaining of the fundamental safety functions of the
unaffected unit.

e Terrorist attacks

Failure of the fundamental safety functions dependent on the effort required for
destruction

Considering the security measures that are currently in place, the protection measures
of the plants against external hazards (blast wave, aircraft crash) also represent at the
same time a far-reaching status of protection against terrorist attacks by external in-
truders. In addition, a wide spectrum of possible destructions of essential system func-
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tions through terrorist attacks is covered by the consideration of the effects of postu-
lates concerning the loss of the electricity and coolant supplies.

Within the time-frame set for this safety review, the RSK was not able to perform a ro-
bustness assessment of the plants regarding the necessary overcoming of staggered
protection measures.

External attacks on computer-based controls and systems

At present, no software-based systems are in use in the reactor protection systems of
German nuclear power plants.

Software-based systems are partly used in limitation systems and operational systems.
Despite the defence-in-depth concept it is therefore necessary to examine the effects
of such attacks with regard to the robustness of these systems.

This is currently being done within the supervisory procedures of the Lander as a result
of the Information Notice issued by GRS.

7 Conclusions

On the basis of the “Declaration of ENSREG”, reviews of the nuclear power plants
were initiated in Germany. The topical areas earthquake, flooding, loss of electrical
power and loss of ultimate heat sink as well as severe accident management have
been addressed. The results have initially been compiled generically for all plants in
this progress report. A more detailed plant-specific review will be presented in the na-
tional final report. The reviews so far as well as the findings of the RSK safety review
show a high level of robustness for the German nuclear power plants with respect to
the hazards concerned. However, measures for further enhancement of the robustness
of German nuclear power plants are currently under consideration.
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