FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY
YVL2.6 19 Dec. 1988

Translation

Provision cgcins’r' earthquakes
affecting nuclear facilities

] Infroduction 3

2 Design earthquake 3

3 Seismic classification of components
and structures 3

4 Demonstration of earthquake

resistance 4
4,1 Analytical demonstration 4
42  Tests 4
4.3 Empirical assessment 4
4.4  Allowable stresses S
5] Monitoring during operation 5
6 Literature 5

Helsinki 1990

The Finnish Government Printing Centre
ISBN 951-47-4033-5

ISSN 0783-2338



¥

G

"’*"""'_"-'

el (2 .ﬂ_"-..,,

xwmmmﬂm”
SRy — —— Ju:

Illﬂml

EONCURATOS TGRSR Soliverd
zeifilicost wealon prilloetn

SR 1. U

LT TR

Mt nayries b eiSaiRaee o) ’

e ENPTETG
Sl 8 Alnloslenarmisil 1

o w . SRR

TSR EARF TR R T [
I [

it .
ommmanrrenyd  Le
e 1 EU T TR TN

Onhaene pRikh pemeoan o
e e e wlfpkl b

B -l —y — —

A Tl 1Y mn

-l'.'ll:ﬂ

@;
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Infroduction

Design of nuclear facilities aims at prevention of
events hazardous to safety and at mitigation of
their consequences. Accident risk i.e. the product
of the probability of an event which leads to an
accident situation and the hazard arising from the
event should be sufficiently small.

Strong motion earthquakes have a very low
occurrence rate in Finland but their worst impact
on nuclear facilitiecs may be so significant that
making provision against earthquakes is necess-
ary. This guide defines general guidelines for the
design and demonstration of nuclear facilities’
earthquake resistance and for the monitoring of
carthquakes during operation.

The requirements of this guide mainly apply to
new facilities. Modifications of nuclear facilities
constructed before the issuance of the guide or
modifications concemning their monitoring during
operation will be reviewed on a case by case basis.
The Finnish Centre for Radiation and Nuclear
Safety will impose detailed requirements upon
every nuclear facility separately.

Design earthquake

In the design of a nuclear facility, loads induced
by the design earthquake shall be taken into
account. The design earthquake is a maximum
impact earthquake which, with great certainty, can
be expected in the site area not more than once in
ten thousand years on average. In the occurrence
rate estimate, in addition to the area’s seismic
history, also regional and local geology and
tectonic considerations are to be taken into
account as basic information.

The dynamic effects imposed upon a nuclear
facility by the design earthquake are expressed by
means of a Response Spectrum. The Spectrum is
selected so that it corresponds to the Maxi-
mum(peak) Ground Acceleration of the bedrock
surface on a site. Dynamic effects constitute the
loads to be taken into account in the design of
components and structures. In the design, also an
acceleration time-history constructed from the
Response Spectrum can be employed to define
loads.

If there is not sufficient site-specific information
availabe for defining the response spectra reliably,
the required spectra are to be formed in con-
formity with the practice presented in Ref /6/. If

none of the above mentioned procedures can be
applied, the figure 1.0 m/s® shall be used as the
value of the maximum acceleration resultant or as
the value of its horizontal perpendicular com-
ponents, and 0.67 m/s” as the value of the vertical
component when determining loadings.

The value chosen for the design earthquake
including substantiation shall be presented in
conjunction with a PSAR.

Seismic classification
of components and
structures

Components and structures at nuclear facilities are
classified into three categories according to the
carthquake-resistance requirements set for them.

Components and structures in seismic category
1A are such as

+ are needed during the safe shutdown of a
nuclear facility or during residual heat remo-
val

+  restrict the escape of radioactive materials in
the nuclear fuel outside the nuclear facility or

- contain significant amounts of radioactive
materials in an easily released form.

These components and structures with their
potential restraints and supports shall maintain
their integrity, tightness, operability and proper
location during any loading situation induced by
the design earthquake.

Components which would be otherwise classified
as seismic category 1A but which need not
maintain active functional capability in order to
fulfill the mentioned safety functions, belong to
seismic category 1P. With the exception of main-
taining functional capability, the same require-
ments apply to them as apply to seismic category
1A components.

All other structures and components are in seismic
category N. No requirements are placed on their
earthquake resistance but any damage to them
shall not endanger structures and components in
seismic categories 1A and 1P.

Seismic classification shall be presented in
conjunction with safety classification which is
attached to a licence application and which is in
conformity with the guide YVL 2.1 /2/.
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Demonstration of
earfhguake resistance

Before the commissioning of a nuclear facility the
licencee shall demonstrate that the nuclear
facility’s systems and structures resist design
carthquake induced loads in conformity with the
requirements of their seismic categories.

A system’s or a component’s earthquake resist-
ance is demonstrated in connection with its
strength calculations. In case of e.g. an electrical
or instrumentation equipment for which no
strength calculations are required, a special report
of earthquake resistance shall be provided.

When demonstrating a nuclear facility’s earth-
quake resistance, changes in acceleration com-
ponents induced by the design earthquake shall be
taken into consideration when motion is
transferred from bedrock along structures to the
base of the component or structure examined. The
horizontal component of the base’s Maximum
Accelerations is chosen for each item in con-
formity with its most delicate direction whenever
this can be established. In other cases, components
are selected for two mutually perpendicular
horizontal directions (the item’s main directions).

Static or dynamic analyses, tests or experimental
assessments can be employed when demon-
strating earthquake resistance.

Analytical demonstration

The earthquake resistance of a component or a
structure can be demonstrated by static or
dynamic calculation methods. In static cal-
culations, the product of mass distribution and the
highest base acceleration is used as the load. If the
horizontal or vertical acceleration of a base is
equal to or greater than 1.0 m/s®, however, a
dynamic analysis is required for a component or a
structure the lowest natural frequency of which is
below 33 Hz or unknown. An acceptable dynamic
analysis method is the Response Spectrum
Method based on the dynamics of a
single-degree-of-freedom vibrator the relative
damping coefficient of which is chosen con-
servatively e.g. from Ref. /6/. If the natural
vibration frequency is unkown, the vibration
frequency will be chosen which imposes the
greatest loads, and these stresses are multiplied by

4.2

4.3

a factor of 1.5 to allow for the potential impacts of
other natural frequencies.

The items on which the design earthquake will
impose nonlinear vibrations due to gaps etc shall
be analysed, if necessary, by time-history analysis
in accordance with Ref. /6/. The time-history
analysis is also suited for earthquake resistance
demonstration in all cases of lincar vibratory
motion.

Abase’s maximum accelerations are derived from
the bedrock maximum accelerations either by
time-history or response spectrum analysis.
Instead of a base’s maximum accelerations,
bedrock maximum accelerations multiplied by a
factor of 1.5 can be applied for bases the
maximum distance of which from a building’s
foundation does not exceed 10 m.

Natural frequencies are defined by the known
structural dynamics methods or by measurement,

Tests

The earthquake resistance of components and
structures which are difficult to analyse can be
demonstrated by shake table tests. Components to
be examined in this way include i.a, active
components such as electrical equipment and
regulating components in pipings. Shake table
tests suited for these components are addressed in
Ref. /9/.

Empirical assessment

Earthquake resistance of a component or a
structure can be assessed on the basis of an earlier
report prepared for a corresponding item in
conformity with sub-sections 4.1 or 4.2. Also
commensurate experiences of occurred earth-
quakes can be utilised.

Therefore, analytical demonstration is not
required for a piping if

- the piping can be compared with other piping
which has been analysed in sufficient detail

the piping is identical to and functional under
the same operational conditions as other pi-
ping which has performed satisfactorily and
the earthquake-resistance of which has been
assessed either by tests or empirically.
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4.4 Allowable stresses 6 Literature

In stress calculations, loads induced by the design
earthquake shall be added to other loads
encountered at the same time. Loads and load
combinations induced by the design earthquake
and other accident conditions such as a LOCA
generally need not be taken into account simul-
tancously. Asregards mechanical components, the
design earthquake is classified by accident
conditions according to Ref. /3/ and allowable
stresses are determined accordingly.

Monitoring during
operation

Strong motion recorders which register earth-
quake acceleration data shall be installed at a
nuclear facility.

A minimum of two strong motion recorders shall
be installed in a nuclear facility’s reactor building.
One recorder shall be installed on the base mat and
the other above the level of components and
structures important to safety. Furthermore, strong
motion recorders shall be placed in the vicinity of
a nuclear facility to evaluate the soil-structure
dynamic interaction effects postulated by
analyses. These devices shall record acceleration
data for vertical and two mutually perpendicular
horizontal directions.

Own strong motion recorders are not required for
other nuclear facilities in the immediate vicinity
of a nuclear power plant.

After a noteworthy earthquake, the seismic input
signal obtained from strong motion recorders will
be utilised in the assecssment of the degree of
necessity of the inspection of components and
structures important to safety and the prerequisites
for the continuation of operation.

1 YVL 1.0 Safety criteria for design of nuclear power
plants, Dec.1, 1982

2 YVL 2.1 Safety classification of nuclear power
plant systems, structures and componenis,
Rev. 1, 14 Dec. 1982

3 YVL 3.5 Nuclear power plant pressure vessels.
Stress analysis, draft May 5, 1978

4 TAEA Safety standards
No. 50-C-S Safety in Nuclear Power Plant Siting
IAEA Safety Guides
No. 50-8G-S1 Earthquakes and Associated
Topics in Relation to Nuclear Power Plant Siting
No. 50-SG-S2 Seismic Analysis and Testing of
Nuclear Power Plants

5 International Organization for Standardization ISO
8258 Nuclear Power Plants - Design against
Seismic Hazards
ISO/TC 85/SC3/GT7 Draft 1980 Seismic Design
Criteria in Zones I < 7 MSK

6 US.NRC. Regulatory Guides
1.29 Seismic Design Classification
1.48 Design Limits and Loading Combinations for
Seismic Category I Fluid System Components
1.60 Design Response Spectra for Seismic Design
of Nuclear Power Plants
1.61 Damping Values for Seismic Design of
Nuclear Power Plants (+ Code Case N-411,
NUREG 1061 vol 5)
1.70.9 Additional Information: Design of Seismic

92 6?31%311118 Modal R

1 esponses and Speciral
Components in Seismic Response Analysis
1.122 Development of Flom Design Response
Spectra for Seismic Design of Floor-S
Equi;;nnmt of Components (+ Code Case-397
App

7 Statens K@mkraftinspektion, godkind FSAR for
Forsmark 3

8 KTA 2201 Auslegung von Kemkraftwerken gegen
seismische Einwirkungen
KTA 2201.1 Teil 1 Grundsﬁtze
KTA 2201.2 Teil 2 Baugrun,
KTA 2201.4 Teil 4 AusF egung der maschinen- und
elekirotechnischen Anlagenteile

9 IEEE Std 344-1987 Recommended practice for
seismic qualification of class 1E eqlmpment for
nuclear power Elmeraung stations. Institute of
Electrical and Electronics Engineers, 1987

This guide is a translation of the guide YVL 2.6
issuved on 19 Dec. 1988.
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YVL 1.4 Quality assurance program for nuclear power
plants, 20 Oct. 1976

YVL 1.5 Reporting nuclear power plant operation to the
Finnish Centre for Radiation and Nuclear Safety, 18
Aug. 1989 (in Finnish)

YVL 1.6 Licensing of the operators of nuclear power
plants, 3 March 1989 (in Finnish)
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YVL 1.8 Repairs, modifications and preventive
maintenance in nuclear facilities, 2 Oct. 1986 (in
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YVL 1.13 Regulatory inspections related to shutdowns
at nuclear power plants, 9 May 1985

YVL 1.15 Mechanical components and structures in
nuclear installations, Construction inspection, 16 April
1984

Systems

YVL 2.1 Safety classification of nuclear power plant
systems, structures and components, 14 Dec. 1982

YVL 2.2 Transient and accident analyses for
justification of technical solutions at nuclear power
plants, 7 Oct. 1987

YVL 2.3 Preinspection of nuclear power plant systems,
14 Aug. 1975

YVL 2.4 Over-pressure protection and pressure control
during disturbances in the primary circuit and steam
generators of a PWR plant, 19 Sept. 1984

YVL 2.5 Preoperational and start-up testing of nuclear
power plants, 30 June 1976

YVL 2.6 Provision against earthquakes affecting
nuclear facilities, 19 Dec. 1988

YVL 2.7 Failure criteria for the design of a light-water
reactor, 6 April 1983

YVL 2.8 Probabilistic safety analyses (PSA) in the
licensing and regulation of nuclear power plants, 18
Nov. 1987

Pressure vessels

YVL 3.0 Pressure vessels in nuclear facilities. General
guidelines on regulation, 21 Jan. 1986

YVL 3.1 Nuclear power plant pressure vessels.
Construction plan. Safety classes 1 and 2, 11 May 1981

YVL 3.2 Nuclear power plant pressure vessels.
Construction plan. Safety class 3 and class EYT, 21
June 1982

YVL 3.3 Supervision of the piping of nuclear facilities,
21 May 1984

YVL 3.4 Nuclear power plant pressure vessels.
Manufacturing license, 15 April 1981

YVL 3.7 Start-up inspection of nuclear power plant
pressure vessels, 16 March 1976

YVL 3.8 Nuclear power plant pressure vessels.
Inservice inspections, 9 Sept. 1982

YVL 3.9 Nuclear power plant pressure vessels.
Construction and welding filler materials, 6 Nov. 1978

Buildings and structures

YVL 4.1 Nuclear power plant concrete structures, 9
Sept. 1982 (in Finnish)

YVL 4.2 Nuclear power plant steel structures, 19 Jan.
1987 (in Finnish)

YVL 4.3 Fire protection at nuclear facilities,
2 Feb. 1987
Other structures and components

YVL 5.3 Inspection of nuclear power plant valves, 26
Nov. 1979

YVL 5.4 Supervision of safety relief valves in nuclear
facilities, 3 June 1985

YVL 5.5 Supervision of electric and instrumentation
systems and components at nuclear facilities, 7 June
1985

YVL 5.7 Pumps at nuclear facilities, 27 May 1986

YVL 5.8 Hoisting appliances and fuel handling
equipment at nuclear facilities, 5 Jan. 1987
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Nuclear materials
YVL 6.1 Licensing of nuclear fuel and other nuclear
materials, 23 April 1978

YVL 6.2 Fuel design limits and general design criteria,
15 Feb. 1983

YVL 6.3 Supervision of fuel design and manufacture,
28 Feb. 1983

YVL 6.4 Supervision of nuclear fuel transport
packages, 1 March 1984

YVL 6.5 Supervision of nuclear fuel transport, 1 March
1984

YVL 6.6 Surveillance of nuclear fuel performance, 19
June 1979

YVL 6.7 Quality assurance of nuclear fuel,
11 Oct. 1983

YVL 6.20 Physical protection of nuclear power plants,
30 June 1983 (in Finnish)

YVL 6.21 Physical protection of nuclear fuel transports,
15 Feb. 1988 (in Finnish)

Radiation protection

YVL 7.1 Limitation of public exposure from nuclear
installations, 7 Oct. 1987

YVL 7.2 Evaluation of population doses in the
environment of nuclear power plants, 12 May 1983

YVL 7.3 Evaluating the dispersion of radioactive
releases from nuclear power plants under operating and
in accident conditions, 12 May 1983

YVL 7.4 Nuclear power plant emergency plans, 12 May
1983

YVL 7.5 Meteorological measurements in the
environment of nuclear power plants and onsite
meteorogical programme, 14 May 1976

YVL 7.6 Measuring releases of radioactive materials
from nuclear power plants, 19 May 1976

YVL 7.7 Programmes for menitoring radioactivity in
the environment of nuclear power plants, 21 May 1982

YVL 7.8 Reporting radiological control of the environs
of nuclear power plants to the Institute on Radiation
Protection, 21 May 1982

YVL 7.9 Health physics programmes in nuclear power
plants, 21 April 1981

YVI1 7.10 Individual monitoring and reporting of
radiation doses, 1 March 1984

YV17.11 Radiation monitoring systems and equipment
in nuclear power plants, 1 Feb. 1983

YVL 7.12 Medical examination of nuclear power plant
and actions in case of overexposure and
accidents, 1 March 1984

YVL 7.14 Action levels for protection of the public in
nuclear power plant accidents, 26 May 1976

YVL 7.18 Radiation protection in design of nuclear
power plants, 14 May 1981

Radioactive waste management

YVL 8.2 Waste arising from the controlled areas of
nuclear power plants: exemption from regulatory

control for disposal, 1 July 1985

YVL 8.3 Treatment and storage of radioactive waste at
the nuclear power plants, 1 July 1985





