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ABSTRACT

The Workshop on Seismic and Dynamic Fragility of Nuclear Power Plant
Components was held at Brookhaven National Laboratory (BNL) on June 5-7,
1985, The purpose of the workshop was to provide a forum for exchanging
concepts, information and experiences on the frayility of electrical,
control and mechanical equipment used in nuclear power plants when subjected
to seismic and other dynamic environments. The workshop was divided into
six sessions which included discussions on definition, uses and importance
of component fragility; parameters affecting component fragility; catego-
rizing equipment and existing test results; methodology and application of
fragility data to equipment assemblies; equipment requiring future fragility
testing; and, use of fragility data in PRA and Seismic Margin studies. The
proceedings represent the compilation of the papers presented at the work-
shop.
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PREFACE

The Workshop on Seismic and Dvramic Fragilit, of Nuclear Power Plant
Components was held at Brookhaven National Laboratory (BNL) on June 5-7,
1985. The workshop was hosted by Brookhaven Mational Laboratory under the
sponsorship of the U.S. Nuclear Regulatory Commission (NRC),

The workshop provided a forum for exchanging concepts, information and
experiences on the fragility of electrical, control and mechanical equipment
used in nuclear power plants when subjected to seismic and other dynamic en-
vironments., It attracted 75 participants from industry and government who
exchanged views on important issues affecting fragility, Twenty-two oral
presentations were made during the six workshop sessions. Each session also
included extensive periods of discussions between the participants. The
written contributions that correspond to each presentation are included in
this report. Two presentations made at the workshop, but not included in
the distributed program schedule, are included in this report as
appendices,

The papers presented, the speeches delivered and the discussions fol-
lowed during the workshop, covered a wide spectra of subjects related to
seismic fragility of components. The NRC representatives described the com-
ponent fragility research progyram currently beiny conducted by the NRC and
their contractors, indicated the goal of establishing fragility levels
for the overall safety evaluation of a plant, and encouraged a greater
coordination between the irdustry and the government in achieving this
common goal. Testing laboratories discussed the complex and delicate points
in controlling fragility testing including nonlinearities, multi-axis
vibration inputs and electronic signal saturation at a high vibration
level, They also shared their experience in considering various factors
which affect selection of the equipment and the vibration input for
fragility testing, and presented test results identifying some electrical
equipment which reached the fragility level during age-related seismic
testing. By presenting existing test results for their equipment, a
manufacturing company demonstrated the need to understand the intricacies of
the functions of a component, and its interaction with and performance under
various testing inputs and techniques. A number of authors representing
utilities, reactor suppliers and A/E firms, and some seismic consultants
described the role of component fragility in the Probabilistic Risk
Assessment (PRA) of an entire plant and emphasized the need to establish a
reliable fragility data bank in order to refine their PRA studies., Still,
other speakers presented their experience in testing some equipment to the
fragility level, described the effect of anchorage on component fragility
and summarized the data collection program sponsored by a utility group.
Several seismic consultants defined seismic frayility as the response
amplitude as a function of both frequency and time, and proposed a
probabilistic fragility concept useful in PRA studies.
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In general, the workshop identified many past and present fragility
testing programs and methods to compile, analyze and use fragility data.
The importance of establishing seismic fragilty levels of safety-related
equipment was upheld by the participants, The workshop also highlighted the
fact that there are considerable existing data within the industry which if
compiled and evaluated could yield better estimates as to how well nuclear
power plant components will operate in the event of an earthquake and
confirm the belief that seismic fragilities are greater than that which was
previously estimated. BNL will further discuss the views and perspectives
that have been gained as a result of the workshop as part of its research
project report which will be i=<ued in the Fall of 1985,

Charles H. Hofmayer
Brookhaven National Laboratory

Kamal K. Bandyopadhyay
Brookhaven National Laboratory
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requirements and records may be more hazy, the staff is beginning to depend
on experience data to allow continued operation, This is a more or less
qualitative approach, To make it more gquantitative and objective requires a
better foundation which can only come from controlled testing such as pro-
posed in our newer research effort,

Our component fragility research supports the need for realistic inputs
for probabilistic risk assessments and margin studies, This research seeks
to test the hypothesis that electrical and mechanical components have higher
failure levels than those presently assumed in seismic PRAs, and as a conse-
quence, the significance of the earthquake threat may be diminished in 1i-
censing decision making, Additionally, it is hoped that this research will
contribute to the development of simplified seismic risk methodologies that
are more understandable to the decision makers, by eliminating certain
branches on event trees and fault trees which do not contribute to risk,
These branches can be identified when the actual component failure levels
are shown to be extremely high when compared to predicted seismic re-
sponses, Realistic component fragilities are a prerequisite to validation
of current seismic PRA methods,

An additional benefit which could result from this program would be the
identification of component designs which afford greater reliability. This
information would be valuable for replacing components in operating plants
or in constructing new plants,

Uur efforts are being conducted in two phases, We have selected
Brookhaven National Laboratory and Lawrence Livermore National Laboratory to
perform the first phase, Uuriny tnis first phase, we will search for exist-
ing component fragility data, develop a scheme for prioritizing and grouping
components, initiate cooperation with other institutions and develop stan-
dardized procedures for component fragility testing, With respect to these
objectives, we have found that a large body of component fragility data does
exist and is available to us, and we have beyun working harmoniously with
the Electric Power Research Institute (EPRI) in collecting data, NRC and
EPRI will use a common data format for collection of information from vari-
ous sources and will coordinate our data acquisition efforts, for example,
visiting different source organizations, and collecting and submitting test
reports in order to avoid duplication, It has been agreed that EPPI will
primarily collect data from the utilities and West Coast Testing
Laboratories, and NRC will primarily acquire data from vendors and East
Coast Testing Laboratories., Finally, NRC and EPRI will exchange data sheets
and pertinent information, The prioritizing and grouping of components are
important because our limited resources will not allow us to perform all the
testing or data evaluations on all components, This would be impractical,
very time consuming, and very costly, In the first instance, we wish to fo-
Cus our attention on those components which most endanyer public health and
safety, By grouping components, we hope to test members from a component
family and infer the behavior of the entire family without actually investi-
gating each member of the family, This will be most difficult - everyone
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will not be satisfied; we must rely on reasonable assurance and not rigorous
scientific proof.

The completion of Phase | will provide assurance that any testing per-
formed during Phase Il will not duplicate any already existing and usable
data., Demonstration tests also will have been conducted that will define
the procedures and clarify the approaches for arriving 1t usable fragility
data. In addition, the prioritization scheme will permit the appropriate
selection of components for fragility testing during Phase Il. Those compo-
nents essential to the safe shutdown of the reactor in the event of an
earthquake, those components essential to maintaining the integrity of the
reactor coolant pressure boundary and those components needed for mitigating
accidents will be yiven the highest priority for further testing.

Although we have received authorization, we have made no commitments
for the potentially much larger and potentially more expensive second phase,
whose continuance depends on the success of the first phase. The second
phase will likely depend on a mixture of additional data collection and
analysis coupled with some limited testing., Our preference, based on eco-
nomic considerations, is to reduce to a minimum the amount of testing we
will undertake - particularly to minimize large scale testing,

Component fragilities, in general, suggest a probabilistic description
of failure., In the purest statistical sense, empirically developing a mean-
ingful seismic fragility for a given component would require that a large
population of identical components be subjected to successively higher
levels of acceleration and the distribution of failures as a function of
acceleration level recorded, Within practical constraints on time and
resources, this is hardly feasible for a single component under well-defined
load conditons, let alone for the great number of combinations and
permutations of component type, size, mountiny, loading conditions, and
environment that could be identified for actual nuclear power plants,
Therefore, an alternate approach is necessary to experimentally gain insight
into fragility,

The present approach envisioned in this program takes advantage of the
fact that, for PRA application, a limited fragility description may be ade-
quate, This is because, in a probabilistic analysis, failure occurs only
when the probability distributions of response and fragility overlap; this
limits our concerns for this case to understanding the distribution only
where the tails of these curves overlap. Therefore, the number of tests
could be limited substantially, although a relatively large number of iden-
tical components might still have to be tested to assure statistically mean-
ingful results,

We seek greater realism in estimating component fragilities for our
maryin evaluations and PRA studies, A key issue is obtaining assurances
that component fragilities developed through laboratory testing are relevant
for in-situ predictions, with emphasis on support conditions, anchorages,



system interactions and connections to electrical and mechanic
subsystems. Among the other technical factors on components fragility are
the impact of aging as it may degrade fragility, scaling effects and the
impact of construction practices, vintage and manufacturer,

One of the key spinoffs of these efforts is the establishment of a com-
ponent fragility data bank at one of the national laboratories, This would
make the data available to all for design, operation, and safety reviews.

It also gives us a convenient mechanism to add new data or correct existing
data as we gain more knowledge.

To a large deyree, our concerns with component fragility are driven by
questions relating to East Coast seismicity, particularly the Charleston
Earthquake and the New Brunswick Earthquake issues. Our work is intended to
provide a rational basis for decision should these issues impose new licens-
ing requirements on East Coast nuclear power plant operators. It is impor-
tant to recognize that actual component fragility levels need not be deter-
mined to satisfy licensing needs. What is needed is documented evidence
that components have higher fragilities than those presently assumed in mar-
gin studies and PRAs that have concluded the risk is acceptable. This can
be achieved without testing to failure. Uf course, we must be prepared to
face any research outcome - including that seismic component fragilities are
no greater and perhaps less than those currently used.

Component fragilities are only one aspect to seismic PRAs and margin
studies, Estimations of the seismic hazard, soil-structure interaction,
building response and subsystem response are also needed to complete the
analyses. Each aspect has its own deficiencies and weaknesses. Jim
Richardson of my staff will follow me and give an overall view of the entire
procedure,

In concluding this brief presentation, | wish to encourage the coopera-
tion of all in these endeavors., We are excited about this program, and we
believe all should be. We perceive that this work will prove to be of mutu-
al benefit to the industry, the public, and the government, There is a very
real prospect that this work will lead to greater public safety, improved
and more reliable reactor designs, and lower costs. Thus, the potential
benefit to the industry as suppliers and to the public at large as consumers
can result in a win-win outcome for the regulated and the regulatory,
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1SSUES

o SEISMIC HAZARD
- CHARLESTON EARTHQUAKE (1886)

- NEW BRUNSWICK EARTHQUAKE (1982)
- EASTERN SEISMICITY PROGRAM

o SEISMIC RISK
- PRA'S SHOW SEISMIC RISK IS SIGNIFICANT CONTRIBUTOR TO RISK

- NEED TO PREDICT BEHAVIOR BEYOND DESIGN BASIS
- NEED TO VALIDATE METHODS
- NEED IMPROVED DATA BASES

o SEISMIC MARGINS
- NEW SEISMOLOGICAL INFORMATION MAY LEAD TO HIGHER DESIGN BASIS
EARTHQUAKES

- NEED TO DETERMINE MARGINS TO MINIMIZE LICENSING ACTIONS

- STIFF PIPES MAY REDUCE SAFETY
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o [MPROVE METHODS FOR ASSESSING THE SEISMIC HAZARD
OF EASTERN UNITED STATES

o REDUCE UNCERTAINTIES RELATED TO ESTIMATING SEISMIC
HAZARDS AND SEISMICALLY INDUCED SOIL LIQUEFACTION

AND SETTLEMENT



SEISMIC RISK

o DEVELOP SIMPLIFIED SEISMIC RISK
METHODS

o VALIDATE METHODOLOGY

o ASSESS ADEQUACY OF ASSUPTIONS USED
IN PRA
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SELSMIC MARGINS

o IMPROVE AND REDUCE UNCERTAINTIES IN CURRENT
SETSMIC DESIGN CRITERIA

o REDUCE UNCERTAINTIES IN DETERMINING RESPONSE
AND FAILURE MODES OF STRUCTURES, COMPONENTS AND
EQUIPMENT

o DEVELOP SIMPLIFIED REVIEW METHOD AND PROCEDURES
TO ESTIMATE SEISMIC DESIGN MARGINS
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SEISMIC INPUT
(Eastern US Sefsmicity Program)

Y

METHOD DEVELOPMENT AND
VALIDATION

APPLICATIONS

v

o SSMRP ~
o Validation

FRAGILITY AND RESPONSE
o Sefsmic Cat. I Struct.
o Component Fragility
o Pipe Capacity and Reliab.

o Seismic Design
Margins

{\

REGULATURY USES

Charleston Earthquake

New Brunswick Earthquake

NTOL Sefsmic Issues

I1SAP

RMEIP

Pipe Damping (RG 1.61)

Floor Spectra (RG 1.122)

ASME Code-Piping

Licensee PRAs

Equipment Qualification

Structural Damping (RG 1.61)
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PROGRAM INTERACTIONS

SEISMIC HAZARD
- EPRI AND INDUSTRY SEISMIC HAZARD PROGRAM

- USGS GROUND MOTION STUDIES
- NATIONAL EARTHQUAKE HAZARD REDUCTION PROGRAM

VALIDATION OF SEISMIC METHODS

- GERMANY - KFK HDR EXPERIMENTS

- EPRI - TAIWAN SSI EXPERIMENTS

- JAPAN - MITI/NUPEC SEISMIC EXPERIMENTS
FRAGILITIES

- EPRI PIPING PROGRAM

- EPR] EQUIPMENT QUALIFICATION PROGRAM

- NRC AGING PROGRAM

- SQUG

SEISMIC MARGINS
- EPRI SEISMIC MARGINS RESEARCH PROGRAM

- INDUSTRY PRAS
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SEISMIC DESIGN MARGINS RESEARCH PROGRAM

VALIDATION OF SEISMIC METHODS
COMPONENT FRAGILITIES
CATEGORY I STRUCTURES

PIPING PROGRAM

MARG %> STUDIES

EY 1985 EY 1986

1092K
755K
800K
680K
650K
3977K

1850K
1100K
1200K
1100K

600K

5850K



VALIDATION OF SEISMIC METHODS

OBJECTIVE ) DEVELOP AN EXPERIMENTAL BASIS FOR ASSESSING
THE ACCURACY AND ADEQUACY OF METHODS USED TC
ESTIMATE SEISMIC RISK

DEVELOP PLAN - 1985
COOPERATION WITH KFK AT HDR - 1985-1586
COOPERATION WITH NUPEC AT TADOTSU - 1985-1986

COOPERATION WITH EPRI IN TAIWAN - 1985-1987
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OBJECTIVE

ELEMENTS

COMPONENT FRAGILITIES

DEVELOP FRAGILITY DATA BASE FOR IMPORTANT
COMPONENTS TO SUPPORT MARGINS STUDIES AND

RISK ANALYSES

IDENTIFY IMPORTANT COMPONENTS - 1985<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>