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26/08/1984

09/08/1987

15/09/1986 12/12/1982

four WWER-440/213 units, 2000 MWe, ~20% of domestic generating
capacities, ~ 43% of domestic production

Safety — paramount, Competitiveness: Power up-rate 500MWe, 20 years
extension of operational lifetime, strong public support,

the first 30 years of operation was a continuous struggling for safety
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The design has to ensure the basic nuclear safety functions,
l.e.
the control of the reactivity in the reactor and spent fuel pool,

l.e. the ability to shutdown the reactor and maintain the sub-
criticality after the earthquake,

to cool down and heat removal from the core and spent fuel,

to maintain the containment function for the reactor and spent
fuel, 1.e. limit the release of radioactive substances into the
environment.

The functions have to be maintained for the earthquakes within
the design basis envelope and with some extent for the
earthquakes with parameters exceeding the design basis one.
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1. Evaluation of the seismic hazard of the site that includes the associated with
earthquake events, e.g. liguefaction;

Development of the design basis earthquake characteristics;

w

Identification of the structures, systems and equipment, which are needed for
ensuring that basic safety functions. Seismic/safety classification;

4. Adequate design (load and pressure bearing SCs) and qualification of active and
non-metallic components;

5. Development of pre-earthquake preparedness and post-earthquake measures;
Installation of seismic instrumentation, OBE exceedance criteria;

7. Safety assessment: Evaluation of the safety, i.e. quantification of the safety margins,
calculation of the core damage frequency due to earthquake.

8. Ensuring seismic safety during operation: plant internal rules, seismic housekeeping.

9. Periodic safety reviews.
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&L Definition of t

Past regulation
«1962 MSK-64 V+Il, no seismic design

*1996 in accordance with SG-S-1 and SG-D-15 (footnote), 10-4/a
event and site specific response spectra

*1997 new Nuclear Safety Regulations — 10-4/a event, site specific
free-field response specira, site soil conditions have to be accounted
Recent regulation (2011):

-Site evaluation - in accordance with IAEA SSG-9

‘Design Base Earthquake - updated Nuclear Safety Regulation (Gov. Decree
108/2011) of 0.005 non-exceedance probability for the lifetime on median
hazard curve, free-field response spectra, site soil conditions have to be accounted,
cliff-edge effect has to be excluded (Reg. Guide 1.208 and ASCE/SEI 43-05)




Seismic Source Zones

Definition of seismic source
zones based on geological,
tectonic and seismological data

Source Area 1

-« .
S

Source Area 2

Source Parameters
earthquake recurrence
maximum magnitude, M.,
hypocentral depth

Number of events
=
i

Magnitude

Ground Motion Attenuation
Peak acceleration (PGA)
Spectral acceleration

PSHA process

five (+) steps are involved in the assessment of
seismic hazard

See T6th L., Gy6ri E., Katona TJ (2008), Current Hungarian Practice of
Seismic Hazard Assessment. In: OECD NEA Workshop: Recent Findings
and Developments in Probabilistic Seismic Hazard Analysis (PSHA)
Methodologies and Applications: Workshop Proceedings, Lyon, France,
2008.04.07-2008.04.09.pp. 313-344. Paper NEA/CSNI/R(2009)1.

(PSHA Level 2+ or 3 according to NUREG/CR-6372 (SSHAC — Senior Seismic
Hazard Analysis Committee Report: Recommendations for Probabilistic
Seismic Hazard Analysis: Guidance on Uncertainty and Use of Experts, 1997)




Geological and tectonic environment

Stress accumulations and
recent deformations in the Complex pattern of ongoing tectonic stress and deformation
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Crust, lithospher

<@ temperature gradi
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(see e.g. Frank Horvath & Gabor Bada,
http://geophysics.elte.hu/atlas/geodin_atlas.htm)
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(see e.g. Frank Horvath & Gabor Bada,
http://geophysics.elte.hu/atlas/geodin_atlas.htm)




Seismological Database
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Paleo-
seismological
information

Bicske (Hungary)
After Magyari et al.
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(see e.g. Frank Horvath & Gabor Bada,
http://geophysics.elte.hu/atlas/geodin_atlas.htm)
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Characterization of seismic sources

Source Parameters

earthquake recurrence
maximum magnitude, M,,,
hypocentral depth

P>

Mmax

Number of events

: >
Magnitude




PGA attenuation

Peak Horizontal Acceleration Attenuation Curve
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Modeling by logic tree
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Frequency (event/year)
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Site response analysis

\

N\ { . \
A paksi telephely és sziikebb kérnyezete PGA and UHRS computed for the Dynamic parameters Accelerogram selection
jelenleg ismert féldtani képz6dményei bedrock of the soil
g Ll g
2 £ g
< H K
] .||”||“||_ A Sl g g; g
I I " a—e — o
nmunnon sy § - E
I el L e - § :‘;’_
*® e © o e s ’ . | @ Period (s) ? Period (s)
- . . . = . . o | / \ 4 \ | /
- L] L] L] - - - - Th - k ( l " i
ICKNness i
Stratum Depth (m) Computation of the response of
(m) a damped oscillator
. Output (surf
Fill 2 Oto2 g O e
: 22 W
Quaternary Fluvio- 6 5108 .
aeolian strata .
i Zzzzz
Quaternary Fluvial 7 810 15 .
Sand and Gravel ° Input bedrock) | +
motion °
Quaternary Fluvial 1o 15 10 27 M
Gravel Wg
\ J
Alsd-kozépso triasz H H
Werfoni Form4ci6, Pannonian deposits 27 l—f
Misinai Formécié
(Vajta) (Tengelic, Tolnanémedi) - \ r \
—— Spectral ratio Surface response spectrum
Grintt = Qutput/Input =Spectral ratio *
(Miske, Tolna) response spectrum Bedrock response spectrum
-‘9_, = "
A fontosabb réteghianyokat il > 2 7\ % Surface
" (diszkordanciat) ® 5 & \\
vastag vonal jelzi. ‘g 2 | 7 Bedrock
» <
Period (s) .
Period (s)
J




Input parameters - soil properties
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annual frequency of exceedance
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« 1995-1996 probabilistic Margin to liguefaction can be defined
assessment of the liquefaction as
hazard, return period 14000-18000 | | FS;, =CRR/CSR
years in a soil layer at =15m depth, | | where CRR is the cyclic resistance
consequently the liquefaction is not | | ration and the CSR is cyclic stress

part of the design base (10-4/a ratio (Reg. Guide 1.198).
criterion) Depending on the method used the

« Seismic PSA (different model for value of safety factor varies in rather
liquefaction as before) high wide range.
contribution to the CDF, dominating | | For Paks site, several methodologies
beyond design base event. The have been used: Seed and Idriss
issue was already recognized in (1971) (10% margin only), as well as
the 2nd PSR and further actions the effective stress method, which are
are identified in TSR. much less conservative and gave

larger margin.
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Seismic safety concept, seismic safety
classification

Aim: to ensure the basic safety function in case of DBE (shut-down and cooling
of reactor (spent-fuel-pool), and containment)

Minimum requirement: success path for bringing the reactor to stable cooled
condition + back-up (diverse)

minimum configuration

Paks NPP case: design base reconstitution, i.e. al safety related systems,
structures and components are within the scope

IAEA SAFETY STANDARDS SERIES No. SSR-2/1 SAFETY OF NUCLEAR POWER PLANTS:
DESIGN

5.20. The design shall be such as to ensure that items important to safety are capable of
withstanding the effects of external events considered in the design, and if not, other
features such as passive barriers shall be provided to protect the plant and to ensure that
the required safety function will be performed.

5.21. The seismic design of the plant shall provide for a sufficient safety margin to protect
against seismic events and to avoid cliff edge effects (see footnote 5).

5.22. For multiple unit plant sites, the design shall take due account of the
potential for specific hazards giving rise to simultaneous impacts on several units on the site.
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« Analysis for load
and pressure
bearing structures
and components,
earth-structures,
as per standards;

Test (preferable)
— Regulatory
Guide 1.1309;

Experience based
qualification
(SQUG-GIP)

TAEA NS-G-2.13
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Main building complex
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E-W cross-section of the main
building
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Experimental modal analysis
Blast-experiments
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3-D model

REAKTOREPULET

e

NI
WA

TURBIMACSARMNOK

D coupled model

3

heterogeneous distribution of
masses and stiffnesses

k

7

merevsege

SSI

28000 DOF

4700 nodes

5400 shell elements

4600
nonstructural elements

modelled as masses

rod elements

43

4/30/2013



ﬁ'
I

W\ Z

S

[ |
‘;'_-'l : =
sl N St

TN

4/30/2013 44



-

F=1.03Hz




Graded approach for evaluation

Graded approach taking
into account the
requirements for design
base reconstitution:

@ applied method of analysis
@ modelling of structures

@ assumptions : damping and
ductulity

V-

I

4/30/2013

Class 3

routine, simplified
design rules,
realistic
assumptions on
damping and
ductility

and qualification

-

Class 2

design rules,
response spectrum
method, optimized
floor-response
spectra if needed

Class 1

design rules,
sophisticated
models and
methods

46



Methods and assumptions

Damping, ductility Code values or realistic for repeated checking of
outliers

Structural models Graded approach to the modelling: best estimate if
applicable

Floor response spectra Conservative design floor response spectra.
In specific case best estimate

Material strength Minimum values determined by standard

Capacity evaluation Design type evaluation KTA, primary system and

vital mechanical equipment
and pipelines inside the
confinement area

Margin type evaluation CDFM assumptions+ASME

Simplified evaluation @~ Code  based  simplified
procedures
Operability GIP or GIP-VVER, if applicable, otherwise test



Passive Component body ASME BPVC Section III, Service level D KTA 3201/3211
equipment including internal parts
(tanks, pressure Supports ASME BPVC Section III Subsection NF KTA 3205;
vessels, etc.) Subsection according to Classes.
Essential nozzles ASME BPVC Section III, Service level D KTA 3201/3211
Interactions GIP, GIP-VVER
Active Operability replacement (reactor protection system), tests, GIP, GIP-
equipment VVER
Component body ASME BPVC Section I1I, Service level D KTA 3201/3211
including internal parts
Supports ASME BPVC Section III Subsection NF KTA 3205;
Essential nozzles ASME BPVC Section III, Service level D KTA 3201/3211
Interactions GIP, GIP-VVER
Pipelines Pipelines ASME BPVC Section III, Service level D KTA 3201/3211
Supports ASME BPVC Section III Subsection NF KTA 3205;

Interactions GIP, GIP-VVER
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Structural fixes
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Longitudinal bracing structure
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Bracing of the roof
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Fixing of nonductile joints
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Easy-fix:
fixing the
cabinets and

masonry

61



Viscous-dampers for piping
and equipment
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Easy-fix program

properly fixed

total number of items in the preliminary 10184 for 4 | improvements

SSE list: units

total number of easy-fix items 5507

mechanical equipment 202 anchorages

electrical equipment 465 anchorages

cable trays 2498 anchorages

I&C (cabinets, racks) 2061 anchorages and top bracing
brick walls 281 Steel frame fixes

total amount of steel for fixes 445 tons

Safety related batteries replaced and yes




Complex fixes

Qualification and upgrades date Volume of work

Electrical and 1&C equipment Easy fix, | 450 t of steel structure added, batteries
1993-1995 replaced, seismic instrumentation,

Re-qualification of el. and I&C

22002 equipment

High energy pipelines of primary circuit and | 1997-1999 | 250 fixes (GERB viscous-dampers)

equipment

Building structure of the turbine and reactor | 1999-2000 | 1360 t of steel structure added

hall

Supporting frames of reactor building at the | 2000-2001 | 300 t of steel structure added

localization towers

Other classified pipelines of primary circuit | 1998-2000 | 760 fixes

and the equipment

Classified pipelines and equipment of | 2000-2002 | 160 t of steel structure added

secondary circuit, fixes of supporting steel

structures in the turbine building

Classified pipelines of secondary circuit 2000-2002 | 1500 fixes

Other classified pipelines and equipment 2001-2002 | 80 fixes

Measures identified on the basis of seismic | 2002- e.g. strengthening of all joints in the

PSA

turbine building
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ST Post-EQ actions,
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Assuming that the reactor remains in the operation during and after the earthquake, the
operator shall shut down it if the CAV=0.16gs and amplitudes of the free-field response
spectra in the frequency range of 1-10Hz larger than 0.2g

The plant continues to operate if the above criteria are fulfilled.

The concept is developed on the basis of the following sources:
Advisability of an Automatic Seismic Trip System (ASTS) in Nuclear Power Plants: RER/9/035, IAEA,
Vienna, Austria, (1995), pp. 64-78.
US NRC, Resolution of Generic Safety Issues: Item D-1: Advisability of a Seismic Scram (Rev. 1) (
NUREG-0933, Main Report with Supplements 1-33 )
US NRC Regulatory Guide 1.166, "Pre-Earthquake Planning and Immediate Nuclear Power Plant
Operator Post-Earthquake Actions.”
US NRC Regulatory Guide 1.167, ,Restart of a Nuclear Power Plant Shut Down by a Seismic Event*®
U.S. NRC, March 1997

IAEA Safety Reports Series No.66, Earthquake Preparedness and Response for Nuclear Power
Plants, Vienna, 2011

If the earthquake does not cause an equipment failure, which requires to shutdown reactor,
according to the abnormal procedure the personnel should check the automatic closure of
earthquake non-qualified equipment. If equipment failure occurs due to earthquake and it
requires reactor shutdown the operator should use EOPs. More details regarding the
procedures would be presented during site visit.



Seismic 1 1ns,
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S

TaP.
Number of Type of detectors:
detectors: Triggers (switch):
total 25, (13 type: AC-3, tri-axial
recorder, 12 accelerometer

trigger)

1 free field

6 — 6 triggers on the
basemat

12 recorders at
critical poiont of the

SZINTI ALAFRAJZ

Aomoz WHQDI

J0MQO1V403

plant

manufacturer: SIG-SA
frequency range: 0.4 — 50 Hz
measuring scale: + - 0.5g
output voltage: + - 10V
current: 4.5 mA (max. 6 mA)
basic noise: 30 ng

Recorder:

type: AC-13, tri-axial
accelerometer

frequency range: 0.2 — 50 Hz
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Groud motion Calculate CAV and
accelaration time reSPOFT‘SG spectra
history — me_asured at CAV = ([ a(tat 110.16gs
free-field 0

i I S, 1029
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3:: |

Decision on shut |

down < L

Current conditions at plant
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Assessment of the margins / CDF

Methodology described in the following:

FO r Se i S m iC eve nt th e re a re tWO  EPRI (Electric Power Research Institute) 1991. A Methodology for

Assessment of Nuclear Power Plant Seismic Margin (Revision 1).
EPRI NP-6041-SL, Rev. 1. Palo Alto, California: Electric Power

Widely acceptable methOdS for Research Institute.

e Budnitz, R. J., et al., An Approach to the Quantification of Seismic
Margins in Nuclear Power Plants, NUREG/CR-4334, U. S. Nuclear

m a rg i n assess m e nt : Regulatory Commission, August 1985

v'Code Deterministic Failure I\/Iargin External-events PRA methodology,
American National Standard, ANSI/ANS-

(with respect to an RLE) 58.21-2007
v'Probabilistic Margin Assessment ASME/ANS RA-S—2008, Standard for

Level 1/Large Early Release Frequency

( PSA'type model ng) Probabilistic Risk Assessment for Nuclear

v'Seismic PSA (seismic hazard Power Plant Applications

curve, fragility curves, fault trees NUREG/CR-2300, “PRA Procedures Guide: A
Guide to the Performance of Probabilistic Risk

eve nt treeS) Assessments for Nuclear Power Plants”

70




American National Standard ANSI/ANS-58.21-2003

Seismic Hazard Analysis
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Fragilities and HCLPFs
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e Qualification of some structures

* Analysis of need for automatic
reactor shutdown

« Improvement of fixing of maintenance
materials and objects stored at the
units

« Further investigation of liquefaction
and building settlement

« Modification of ESWS filters and main
condenser lines

» Modification of EOPs to support
response to seismic events

 Revision of communication abilities
after an earthquake

 Revision of seismic classification
database
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The failure mode is the settlement.

The lost of the stability by toppling can be excluded.
of the liquefiable layer, the drainage of that layer, the
relatively deep embedding of the building. low center of

gravity)
There is no re
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Logic tree for liguefaction
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PGA ON THE EARTHQUAKE SHEAR G/GMAX RELATIVE GROUND-
BEDROCK TIME HISTORY MODULUS DENSITY WATER
LEVEL

95% percentile mation with
0 1 85 nonlinear total stress method

85% percentile  maximum

time history 1 upper bound  upper bound

5 .
50% percentile ‘ i Surface PGA and | /' 50% percentie
0,63 shear stress
’ distribution

15% percentile

5% percentile w3
GROUND-

EARTHQUAKE | SHEAR |c/emax WATER
TIME HISTORY |MODULUS LEVEL

0,185

85% percentile

BEDROCK 50% percentile
PGA AND wb2
UHRS

15% percentile

Gy6ri E. et al (2011), Eart
GeOph. Hung.’ VOl. 46(3), time history 1 upper bound upper bound upper bound maximum

wm2
time history 2 surface PGA,

liquefaction
wg3 wr3
GROUND-

WATER
LEVEL

EARTHQUAKE SHEAR
TIME HISTORY MODULUS

RELATIVE

GIGMAX DENSITY

Coupled site effect and liquefaction assessment
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Thank you for your attention!




