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Comments

1. The document did not include a table of contents, this has made it hard for
the reviewer to follow.

2. Additfonal materials are added to the document as Appendixes without
warking which chapter they belong to?

3. Some of the chapter titles which we agreed to at the meeting in
November 1987 to be changed has not been changed.

4, The document includes a Tot of materials but these materjals are not
coherently put together.

5. Some of the materfals in the document are copfed from the attached
Appendix e.g., section 2.5.2 on p.11 is a2 copy of p.17 of chapter 4 titled
"Sefsmic Probability Safety Assessment Procedure.® This section 2.5.2
should be eliminated if we are going to attach the appendix.

6. In chapter 3 “Seismic Hazard Analysis", the discussion on uncertainty
of the seismic hazard and the sensitivity to the model parameters should
be expanded.

7. The report is almost totally silent on one of the most important
fngredient of & seismic PRA, the plant walk-down. The plant walk-down
has been found to be very important for the identification of critical
faflure modes and components. Walk-downs also uncover potential interactions
between sefsmic induced fires and floods. A number of plants have made
modifications based on the plant walk-downs.

8. Similarly, spatfal interaction are gfiven very cursory treatment in this
document. It may be instructive to include a chapter in this report
vhich summarize lessons learned from the past seismic PRA. Importance of
walk-downs and interaction will be clearly evident from such a summary.

9. A concept of 'event flow chart' §s presented in this report. This
concept begins with a gross faflure of structure (e.o., loss of bearing
pressure capacfty of a foundatfon) and tracer through effects of this failure on
various components (e.g., loss of content or slight leakage of 2 tank in
the given structure). This fs a very interesting and powerful concept and
may be useful; however, this concept does not address the question. "In
how many ways can I loose functions of a component important from the risk
perspectives? In simflar vein, the report in general, has failed to bring
out the importance of interactions between fragilfty analyst and
system analysts.

10, The level of details in various sections of the report 1s uneven. I
think two much detail is included in chapter 5 and chapter 6 regarding
structural mechanics and is repetitions, however, actual fragflity
methodologies are not clearly specified. Chapters 5 and 6 have lost
something in translation.

Some additional comments are indicated on the attached pages.
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In many cascs these PSA's have been limited to internally initiated
fallures and imporient cxternal initiators such as earthquakeshhave nolL been

[

included in thc analysis. 4 -
(.1\ W

It was anticipated that thc design procedurcs adopted against seismic
and other external events werc such as to provide the plants with a degree of
protection larger than that for the accidents of internal origin.

Furthermore, the analysis was dcemed beyond practical feasibility because of
the large uncertainties associated with the various steps and of the lack of
adequate methodologics for dealing with the quantitative trcatment of the risk.

Both arguments have lost most of their strength today. Actually, e
number of scismic PSA‘s conductcd for existing plants have shown that
earthquake- induced accident sequences may have frequencies of occurrence of
the same order of magnitude of those caused by internal events. Also, in the
last decade probadilistic methods of analysis have developed to a point where
geismic PSA's of NPP's can be performed with acceptable effort and adequate
degree of confidence.

1.2 Purposc of the document

-

The purpose of this document is to provide information and come measure
of guidance to those who are concidering starting a scismic PSA. It tries to
give an overall picture of the scismic PSA and attempts to bridge the gep
existing between an internal event PSA and a selsmic PSA.

Aside from giving an order of magnitude of the frequency of core
damage gssocioted with earthquakes, which might contribute not negligibly to
the total frequency of corc damage, & seismic PSA involves a number of -
beneficial side cffects. Basically, these benefits are all related to the
sbandoning of the deterministic, largely conventional and conscrvative logic,
a prescent characteristic of ordinary design which has to go through a
licensing process.
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By considering, for example, differcnt possible spectral shapes, and by
deternmining their scparate effects on structures, systems and components, and
by finally weighing the latter with Lheir expected frequencies of occurrence,
onc has more rational bases either for chocking the adequacy of existing items
or for the oplimal design of now ones.

The PSA makes use of alternative hypotheses regarding design basis
earthquake parameters, s0il properiies, structural models, material
characteristics, ctc. In short, this sori of weighted sensitivity analysis,
is an instrument for detecting the weaker links in the chains lecading to
undesired events.

Finally, onc should add that rcsorting to a PSA is an appropriste means
for checking the adecquacy of an old plant in case the progress made in the
knowledge of the scismic environment) involves significant modifications with
respect to the design basis ear£ uake originally specified for the plant.

1.3 Scopc of the Document ,)

There is & variety of mecasurcs of risk which may be desired from &
seismic PSA. The particular mcasurecs chosen depend upon the types of
facilities belng studicd, the resources (bolh financial and computaticnal)
available to thc analysts, and the intcnded usc of the PSA results. For
example, in scismic PSA for nuclear power plants, core damage frequency,
radiocactive rclease frequency, and total public exposurec to radiation are
three distinct and uscful steps in the mcasuring of the risk.

Using the results of thc accident scquence analysis to arrive st the
final measurc of risk is, generally, no different for external 1n1tiator; PSA
than it is tétlntetnal initistor PSA. However, there are some imporiant
considerations which one should be awarc of, particularly if adapting the
resulls of an intermal initiator PSA. An internal initiator PSA may utilize
certain assumed factors in translating facility damage into other cestimates of
risk. Thesc factors may not be suitable for use in a geismic PSA of the same
facility since they includc essumptions which may not apply during or
immediotely following & seismic event.
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In this document, & level 1 PRA will be considered. Therefore
potentiel rcleases and offsite conscquences are not included and are
considcred to be outside the scope of this document. The scope of this
deocument includes mainly the frequency of occurrence of ground motion, the
sciemic accident sequence initiators, the fragility analysis of safcty
related items, the capabllity of systems to mitigate accidents from seismic
events and the integration of these aspects which might lead to a core
damage. The rcason for this simplification is to limit this subject to the
essential aspects of the smoolh integration of seismic relasted initieting
cvents into the systematic framework of a PSA.

This does not imply, however, that effeccts of earthquakes after the
cevent of a corc damage may be neglected. Some of the aspects which may have
significant contritution to overall risk, but have not becen considered in
this document, are

- increascd probability of human error subsequent to the
occurrence of a destructive earthquake,

- increcascd probsbility of leakage from the contsinment structure,

- significant probability of damage to lifelines end other
infrastructures which may have been planned for use in the
context of cmergency planning and cvacuation.

- incrcascd probability of delaycd responsc to the nuclear
accident (by suthoritics and the public) due to the
interfercnce of another catastrophic cvent.

T
This document will concentratc on thc PSA studics for WPP's. Other
facilitics such as research reactors, fuel cycle facilitices, gamma
irrediation facilitics, fuel storage facilitles are simpler in design and
operation comparcd Lo NPP. It will be possible to extrapolatc the
mecthodologics uscd for NPP's to these other facilities.

‘.l.j’_c,it\‘.v‘"; Q(V*t 4 de-’~£\‘v’ /CI’“J‘"“L (::V R oy 7
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Though this step may be straightforward, it is by no means
inconsequentisl. Some scismic PSAs have found that the dominsnt contributors
to degraded corc accident probabilities involve random failures of safety
equipment to operatc on demand. The failurc is still considered to be seismic
because the accident is initiated by an carthquske even though the subscquent
equipment fallurcs may be dominated by random failure modes.

2.3 Component Failure Quantification

Given Lhc dats described in Section 2.2, it is possible to calculate
the probability of scismic failure of thc various structures and equipment in
& nuclcar power plent. The most fundamentsl quantity which cen be calculated
is the marginal faillurc probability of an individuasl component. This
prodbability is conditional on the cccurrence of the ecarthquake level, and the
marginal feilure probability could bec transformed to an unconditional
prodbability by folding in the occurrcnce probability of the earthquake. A
marginal probability can be helpful in isolating the contribution made by a
component to thc safety of the whole plant. This contribution may arise from
elther Lthe relative intrinsic weakness of the component or from its location
within the plent. '

-

2.4 Accident Scquence and System Fallure Quantification

Thce method for obtaining safety system and accident sequence cut sct
probabilitics from the logic models is discussecd in Section 7.2. These cul
scts must be quantificd to obtein thc probabilities of safety system fallures
or accident sequence occurrcnces. These quantitics are uscful in showing the
relative contridbution of systems and sequences to corc damage. The

alculation of cut sct probabilitics presents one of Lhe most fundamental

é*ﬁc'ﬂ'differences between scismic and internal initiator PSA. In internal initiator

PSA, component failures are usually treated as independent and random events.
Consequenily, the probability of a cut set involving independent random
failurcs would be evaluated simply from combinations of the random failure
probabilities of each of thc elements of that cut set. Ina seicmlg PSA, the
component failures represcnted in s cut set may be corrclated through their
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respoctive responscs and fragilities. This correlation is in fact one of the
rcasons why ccigmic initiators arc of particular concern in nuclear power
plents; earthquakes can cause the simultaneous failure of several redundant
safety equipment items, and the correlation is a measure of the potential for
this simultancous fallure. Calculation of the probabilitics of cut sets
containing corrclated cvents involves multivariate integration of thc joint
probability dcnsity function of the cut set elements [NUREG/CR- 3428, chap €]).
The process is considerably more complicated and costly than simple
multiplication but is necessary to account for the increased cut set
prodbabilitics which vesult from corrclated failurcs.

2.5 Uncerlainty Analysis
2.5.1 Sources of Uncertainty

The cstimate of the frequency of core damage produced from a seigmic
PSA has considerable uncertainty associated with it end, without & mcasure of
the uncertainty, the point estimale itsclf is almost meaningless. Two
distinct sources of uncertainty arc rccognized as making separate
contridutions to the overall uncertainty. These two sources are generally

-

termed random and modelling.
2.5.1.1 Random Uncerteainty

There ig, of course, variation in every physicel measurement and
therefore cven the cmpirical date used in a scismic PSA involve uncertainty.
This variation may arisc in part from the stochastic nature of underlying
physical processes and in part from thc inability to measure preciscly the
parameters  which characterisc those processcs. i

2.5.1.2 Modelling Unccrtainty

The uncertainty which enters into the cstimates of the frequency of \\ \

corc damage from & scismic PSA as the result of the availability of a number
of methods for modelling cach stcp of the overall procedurc is referred to as
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modelling uncertainty. It is distinguishcd from random uncertainty beccause it
originates with the metLhods uscd to model the geismic hazard and the plant
responsc rather than as the result of inherent variability in the physical
processes being modelled.

2.5.2 Distinguishing Between Sources of Uncertainty
Figure 2.3 provides an example of the distinction between random and \

modelling uncertainty. This figure shows 14 seismic hazard estimates which
were developed by variocus seismicity expertes for the same nuclear power plant

site. The two types of uncertainty, random and modelling, cen be clesarly .‘9’
distinguished in this figurc. The individual seismic hazard estimates ¢
represcnt the inherent variability in earthquake size and frequency at the \r?
site. If there werc no inherent variability in carthquakes &t the site, then .Q

it would be possible to statc just how many carthquakes of e given intensity ;t; ~
would occur in any onc ycar. Since carthquakes cannot be predicted with S ¢

. Y
anywhere near this level of certeinty, their future occurrence can only be Q oy
asscssed with probabilistic statemenis excmplificd by the individual seismic o S NS
hazard functions shown in the figure. Nl

,‘ \}5 .:- \Z:"
- SN O NY
The modelling uncertainty introduced as part of the process of ¢ R
characterizing the seismic hazard at the sitc ig scen in the fact that there . ?

are 14 scparatc seismic hazard functions. Each of these functions represents ‘-.\\ Y /3’ };
a different opinion about the seismic hazard. Since each of the experts ' 3

hadaccess to the same body of physical date for the site and surrounding 5
ion, the variadility between the various hazards is due more to differences >

among the experts' methods for intcrpreting the physical date than to 27

varisbility in the physical data. . /

The distinction between random and modelling uncertainty is, at its
root, an artificial one. Ultimately, all uncertainty stems from our lack of
knowledge about physical processcs. For example, if we had perfect knowledge
about all of the factors nffeétlng the scismicity of a site, we would be able
to predict just exactly when and what type and size of earthquake wbuld ocecur
it that gitec. Unfortunately, wc have a very imperfect understanding of the
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faclors involved. We can, however, distinguish to some degrec the uncertainty
which is practically irrcducible from that which is not. The reducible
uncertainty is that causcd by our imperfect interpretation of the limited data ‘
thal we have. The 14 scismic hazard curves shown in Figure 2.3 constitute an /
cxpression of that imperfection. y

2.5.3 Prescntation of Results

It is convenient to treat the two recognized sources of uncertainty
scparately in the enalycis of scismic risk. The contribution from randomness
leads to a singlc point estimate of risk while that arising from modelling
uncertainty introduces a dispersion arocund this point estimate.

To exemplify this, Figure 2.4 shows s distribution of risk cstimates
obteined from & scismic PSA with & full uncertainty analysis. Also indicated
is the point estimate from that PSA. Clearly, the results from the
uncertainty anslysis paint a different picturc of risk at the f&cility from
that of the point cstimate. The mecdien of the distribution is seen to be an
order of magnitude greater than the point estimate; while the $0th percentile
estimatc is 200 times greater than the point estimate.

-

We refer the rcader to other sources for a full discussion of the e@)
v

v
merite of and methods for conducting an uncertainty analysie (rcference 2.1).
The point we wish to stress here is that scismic PSA, as with internsl event
PSA, is fraught with uncertaintics, both in the data and in thc methodology

uscd to analyze thosec data. Consequently, an uncertainty analysis is
cssential to the meaningful intcrpretation of a scismic PSA.
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3. SEISMIC HAZARD ANALYSIS

3.1 General

The scismic input to be utilised within the scope of the PSA is derived
from probabilistic considerations which comprise stochastic and deterministic

forccasts.

The aim is to construct a seismic hazard curve for Lhe primary effects
(c.g. vibratory ground motion for the frceficld or bedrock) for the site. The
hazard curve which characterises the scismic exposurc of the site is derived
from a scismotectonic model, frequency-magnitude relstionships and attenuation
rclationships. The process is shown schematically in Fig. 3.1. and Appendix A e ;

glves examples of scismic hazard analyses carried out in Japangy A

; A3 5
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The resulting hazasrd curve is uscd in sssigning probabilitics to the
initistors of the variocus sciemic accident scquences as described in Chapter 4.

In gencral three cffects have to be considered - regiocnal and locel
seismotectonics and dynamical properties of the travel pith. These three
together determine the occurrence of earthquakes and thé transmission of
ground motion to the site. '

The considerable uncertaintices associated with the aforementioned
factors arc quantified by a probabilistic scismic hazerd enalysis. The
uncertaintics of the scismic hazard curve itsclf will be described in Section
3.3'

3.2 Probabilistic Assessment of Vibratory Ground Motion
3.2.1 Scismotectonic Modelling

Scismotectlonic modelling of the region which may generate earthquakes
affecting the nuclear facility compriscs a methodology which has evolved over
the past few dccades and which takes into account the increasing amount of
geismological data and advances in understanding of tectonies.

()-‘-\Sh\'. " (-]o;f-,. 4
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anisotropic features gpccial to the site. They can be incorporated in the
scigsmic hazard curve by adjusting the regional attenuation relationships.
This is also the casc for regional cffects as the cnergy contribution of
different types of scismic waves (P, S, Rayleigh, Love, etc) depends largely
on the genersl travel path characteristics. This might be especislly
important in considering linear or underground civil structures.

3.2.5 Attcnuation Model and Scismic Hazard Curve

An indispensable step in deriving Lhe hazard curve is the model giving
the vibratory ground motion parameter (sce 3.2.3) as a function of the focal
event. Part of this, ig the phcnomenon of atlenuation.

Figurec... shows schematically how the mean curve is obtained from
several singlc cvent attenuation curves as taken from isoseismal maps. In the
detcrministic approach onc uses the mean curve, perhaps with an added safety
factor. No systematic trcatmoni of the single event variability is attcmpted.

In the probabilistic approach thic important varisbility can be
accounted for in a number of ways. The following expression illustrates in
principle how the seismic hazard curve A(>I) is determined.

A(>I) = § I A(&V,AM).P(N,R,I) ~£j

wvhere (;;+Ai§jv

A(&V,8M) is the frequency of a focal cvent of magnitude M in the
crustal volume elemcnt AV at hypocentral distance B and

P(M,R,I) is thc prodbability that thc event produces a site intensity
The probability P(M,R,I) is determined from the singlc event curves

(sec fig....) and their prodabilities. 1In practice the intecgrations may be
performed using Monte Carlo or other sulteble techniques (sce c.g. Appendix A).
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For example, if a sciemic PSA is being performed for a nuclecar facility
which is in the floocd plain of a dam, then it is almost certainly the casc
that 8 flood analysie for the facility is being performed s&s well. This flood
analysis will consider non-seismically induced modes of flooding erising from
guch phenomena as random failure of thc dam, dam failure due to scvere
weather, improper operation of the dam, ete. It would be entirely possible to
increcase the frequency of the gross fallure of the dam by the amount duc to
scismic cvents and, in this way, sccount for the risk to the nuclcar facility
from seismically induced dam failure. 1In fact, this seems to be a much more
desirable approach since the analysis of plant damage will be similar for
seiemically induccd fallure of the dam as for non-seismically induced modes of
failure.

The word similar is used because there is one important distinction
between seismically induced flooding at 8 nuclear facility site &nd other
flood cvents at the site, and that is the fact that the facility will also
very likely be subjected to some selsmic loading as well as flood damage,
depending on the epicentral location of the earthquake, the proximity of the
dam to the facility, the surrounding geclogy, ete. This problem of having to
consider two simultaneous or closcly scquenced external cvents impacting a
facility is a very difficult onc. It has not been extensively addressed and
may, in fact, defy adequate treatmenl. One may wish, instead, to calculate
the probability of sustaining two scvere external cvents simultaneously and
assume some maximum damage statc to result. The frequency of such damage
state arising from this simultaneous occurrcnce would then be simply equel to
the expcocted frequency of simultaneous occurrence of the two external events.
This frequency may bc well within whatever is deemded to be an acceptable
level of risk for the facility. If so, then no further analysis would be
necessary. If not, then it might be necessary to rcevaluate the situation to
reduce conscrvatism and, possibly, resort to e speclalized'analysis which
deals with the effects of two simultanecus external events.
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5.1 Introduction o f J

Two approachcs may be considered in a seismic PSA model. Responsc is &
good basies for this discusgion. When an event occurs, having & value L it
is denoted as a random variable R or a samplec value r. The real value of an
cvent may be very large in some casecs, and wc should expect fellure on the
considered structure. During thc design procedurc, we usually assumec a value
for the design r,, and the real value re of all events is expected to be
lower than this design valuc. However, the relation is probabalistic, and
r, may in somec cases cxceed Ty

One method, which may be used, is to assume the distribution and other
stochastic paramcters of R, for example, response factor t‘r and its
standard deviation ﬁr

Another melhod is to consider some real cventgs deterministically and to
examine thc rclative margin to the design value. The real values is, then,
determined using this method. Several slternative ways may be used for this:
one is the valuc estimated from actual records on structural behaviour im the
gite and its surrounding area. The sccond one is the valuc obtained from the
design valuc after removing extra margins and finding the upper bound
condition. The third one is & value which would be assumed s characteristic
for a certsin large region having the size of the east-coast of North America
for example. The first approach is frequently used for the existing damage
reports. This epproach and the sccond approach may be useful to reexamine
aseismic design of existing plants or to review the practice of design. They
are also beneficial to evaluate the individual design of a ncw plant, end to
modify the detailing of design. The third one is uscful in examining the
total safety margin of a plant which is going to be built in an area where we
have no precise information. It is elsc used in decreasing the probability of
its core damage by efficient improvement in the design.
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this causcs the fluctuation of rcsponse, but the lack of our knowledge on its
path and the detailcd structurc of decep strata contributes to its
uncertainty. We can cstimatc the randomness of the response, and add an
adequate margin to its dcsign basis response spectra in general.

5.2.2 Soil

Soil characteristics are studicd prior to the seismic design of nuclear
power plants. Thesc characteristics are described by the Young's Modulus,
density, and Poisson's ratio or the shear wave velocity Vs and compressive
wave velocity V. . There src several ways to measurc or cstimate these
valueg, however, there may be significant differences on the result obtained
depending on the method employed. g F
(‘Y wlﬂ. -
& Sy’
1 /D wa e .
In some cases, the difference may reach the order of (10 or 10°.
This igs caused by unknown effects of soll composition or grain size
distritution and alsoc by testing methodology and environmental factors. It is
difficult to decide on thec valuce for these parameters and the degree of their

scattering in deep strata without eny samplling.
5.2.3 Building

The uncertainty of response of a reactor buiiding is mainly governed by v
I Al

the Soil Structure Interaction (SSI). If the equivalent Young's Modulus* of a *’ii IL"
building is nearly equal to that of supporting soil, its response i}l‘“' :
characteristic is very sensitive to the value of soil paramcters. "::ﬂ -

Other uncertainties crelated to the buildings themselves are ususlly not
so large, if their construction is adequately controlled, and if non-lincar
characteristics subjected to load exceeding their elastic limit are carefully
examined by variocus levels of testing for both types of concrcte structure

a.c.wggg(§2§> But there is still some uncertainty on their(buékizgg\i £o
Sehaviour. especlially of pre-stresscd concrete structures. f( 4‘~'f;::::A¢:';

*Up-lifting™ of a structure is 2 non- linear behavior, and it contains
some uncertainty contributed by soil characteristics and boundary conditions.
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The diffcrence of magnitudes of each ecarthquake contributes to the
flucturation in terms of the duration and the lower frequency limit of
spectrum. In genersl, the larger magnitude earthquakes contain more low
frequency components. The affcct on the duration is important for structural
failure of plants, but it does not influence the spectrum so expl}citly.

The design basis spectra usually takes such points into consideration,
and they cover such stochastic randomness, by incorporating one to three times
the standard deviation o. Therefore, the margin which covers such
fluctuations in the design basis spectrum should be considered in view of
their stochastic nature.

$.3.3 Parameters é;

—-z——_—‘_—"/ t
Many paramcters used throughout thc proccss of response analysis.
Degrees of fluctustions of thcse paramcters depend on their stochastic

characteristics as well as their uncertainties.

The details of the cffects on each paramcter will dbe discussed in the
Scction 5.4.

.

5.3.4 Aging Effects on Parameters

Aging effect has & significant contribution to response. Moreover,
recently it was considercd to use the plants.far longer than the life planned
in the beginning. Some items, especislly, the strength of reinforced concrete
and the totsl characteristics of steel components used for preossure boundary
may reduce their margin after some years® use. Their structural .
characteristice vary from one year to another. However, rescarch on this
subject has not been thoroughly developed.

5.3.5 Man-induced Fluctuation

Thie is one of the more difficult subjects compared to others. The
effect of "human factor™ has not been discussed much on PSA studies in the
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6.1 Introduction ¢

The derivation of eppropriste fragility curves for buildings, and
cquipnent and plping systems requires substantisl cffort. 1In this chapter,
simplified as wecll as certain sophisticated methods will be discussed that are
usced in the derivation of fragility curves.

Various methods may be proposcd for the derivation of the fragility
curve, however, at this moment, it difficult to say that the practice is well
established. In the "PRA Procedures Guide®, these methods arc described, and
Section 11.2 Sclismic Risk Analysis of this Guide is attached as Appendix D.
There arc certain indications related to the behaviour of a structure which
exceeds its design level under earthquake loading. The most importani
building is the reactor building, and the number of buildings which require

I| fragility analysis is limited, thereforc sophisticated methods are applicable
| for these. But the number of safety rclated equipment and plping is enormous,
" and it is not so simple to apply such mcthods, In this chapter, dctailed

techniques will not be described, but their main featurcs will be presented.

The detalled relation of the failure of equipme&i and piping systems to
the dégree of fallure of the supporting structurc has not becn discussed in
recent years. This rclation will be discussed in the next scction and in
Appendices A and B. This can bring some understanding for the fallure modes
of cquipment and piping systems.

For the event flow chart, possible scquences initiated by the failure
of a building and/or equipment and piping systems will be obtained bascd on
certain scenarios. For this practice the fragility curves of thc supporting
tuilding, supporting devices, cquipment and piping systems are required.
There are various ways to estimate the fraglility curve; in any case, it is
important to eliminate safety margins which exist in the design process. 1In
the previocus chapter, this problem was already discussed.
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Sclection of an and au as well 85 the medisn F arc key points
of thies method. Information on randomness may be obtained through data
analysis. It is possibilc to obtain new and adequate local information for a
particular site related to randomness. But it is difficult to obtain new
information on uncertainty, and the existing values are gencrally used. It
should dbe pointed out however, that values rclated to uncertainty are more
significant than those for randomness for the evaluation procedure.
Ml ot 7
6.3.2.4 H.C.L.P.F. Method oo r.e /.'z/hn "" flaﬂ.w‘v

R

High econfidence, low'probability of fallurc concept involves obtsining
a value from the fragility curve having a high confidence. If this value can
be caleulated for each item, then the value for the total system can be
obtained. In this procedure, it is not neccssary to consider the stochastic
paramcters of cach item. This may bring a new non-stochastic evaluation
technique. By using this method, we can climinate the fragility curve itself
from further use. This valuc may be obtained by testing or other methods.

6.3.2.5 Fracture Mechanics Approach

In this epproach, first we assume the existence of & certain number of
undetected eracks on the wall of a piping or & vessel, énd cvaluate its growth
by using the thcory of fracturc mechanics. This method ic not practical for
the evaluation of the total system. It is applicable tc & degraded system,
especially to combime with other load effects.

6.3.2.6 Total Energy Absorption Metlhod

This is also & kinéd of simulation, however, it is applicablc to all the
items. Basecd on the critical energy to failure, which is obtained by testing
individual items, we cstimate the degrec of failurc using the encrgy absorbed
by the structure. Mcthods previcusly discusscd, cspccially the load factor
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.Thesc storagc tanks related to the safety of NPP sre rather few except

—— o

for the waste mandi@ﬁggt system. The failure mechanism has been studied for
oil siorage tanks, but the exact mechanism of failure including so-called
"“Elcphant Foot Buckling”™ or "Bulging” is not clear. For smaller size (maybe
less than S meters in diamecter) tank, it is rather simple, because the
consideration on EFB is not nccessary, but the ordinary buckling eriteria
should bc applied, if its proportion requircs it.

6.5.8 Control Rod and Control Rod Drive Mechanism

CRD Mechanism both for BWR and PWR arc easily subjected to the cffect
of rclative deformation between R/V and the supporting structurc. It may be
caused by the skirt deformation in the ecasc of BWR, and by a fallure of R/C &s
wall or a slip of PCL (primary cooclant loop) with R/V in the casc of PWR. In
a case of PIR, it depends on their dctailed design. For CANDU reactors this
may occur by relative deformation of & main building floor or partial or
complete fallure of anchorage of the reactor vesscl.

As already doscribed in the previous section, the significant delay of
insertion of control rod is a key mode of fasilure. theré are scveral modes of
failure, like loss of driving function of CRD system, buékling of control rod
itsclf (PWR), jamming of control rod cover plate (BWR), and go on, but these
modes are only related to their operabiliti. as long as the significant delay
does not occur.

6.5.9 Active Components

The definition of a safcty- related active component is as follows: an
ftem which is required to satisfy its function during and after the cvent
without any additional conditioq comparcd to its normal statc. The itenms
described in the following several scctions arc active components im this
sense.
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8. JNTERPRETATION OF THE RESULTS

Within the gcope of the present document, the results of a seismic PSA
consists of the distribution function of the annual frequency of core damage
(Fig. 8.1). It is customary to synthesize this information into the median or
mean value of thc frequency and two fractile values (lower and upper) defining
a range of frequencies within the 90% (or any other desired fraction) of the
frequency probabllity is contained.

-
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The central valuc (medien or/mean) can be roughly thought to rcflect
the contribution Lo the risk duc to trinsic randomness while the

“confidence interval" gives the measurce of uncertainty with which the core

damage frequency is obtained.

An assessment of the adecquacy of the design 1s made and identification
of the major items which may contribute to the core damage is listed.

For example, the frequency of core damage resulting from seismic event
is compared to that of other external events such as flood, wind and fire.
The frequency of core éamagc resulting from each of thesc events is then
1dent1f1eq,ﬁ Design modifications cantgév;ade to reduceﬁthe core damaged

frequcncy./
e
/','V.J
‘ﬁhc percentage of contribution from each of these extermil cvents is

listed. 1
: ov all extevss
!

Also, the core damage frequency resulting from seismic eventsféhould be
compared to the core damage frequency resulting from tho—conbinetion-of
intcrnal epd-oxtacmel events, vahng L6 onlcanlin Ao ancestain

se cadid WD arl g uo eds

Improvement in the fragility values of the systems and components may

contribute in lowering the core damage frequency resulting from a seismic

event,

weady



)

-1-

Probabilistic Sefsmic Safety Assessment
Review of the USA Approach 2nd Interests

A.K. Ibrahim
NRC

1.  INTRODUCTION

In the United States, Probabilistic Seismic Safety Assessment (PSSA) has been
used by the NRC staff for the last decade. Within that decade, a lot of
developments and improvements in the methodology have come about. Generally the
staff has used the results from PSSA in comparative manner in order to gain
soge insight on improving structures, systems, and components important to
safety.

This summary provides my views on the current status of PSSA in the USA. It
describes an outline of the past and current NRC application of PSSA to the
resolution of seismic safety issues.

2. DESIGN

Within the last two decades, increasing attention has been devoted to the
sefsmic design of nuclear power plants. Two of the main concerns which are
frequently raised are: )

1. How adequate is the sefsmic design as compared to current safety
requirements?

2. HWhat is the margin of safety in the sefsmic design?

In response to the first concern, the Systematic Evaluation Program (SEP) was
undertaken. This program reviewed old plants in the eastern and central USA
making use of probabflistic seismic hazard estimates. These estimates were
used in a relative manner and no emphases were placed on the absolute numbers.
Another example is the use of PSSA in resolving the Charleston Earthquake
jssue. In this issue, probabilistic seismic hazard estimates are being made
for nuclear power plants located in the eastern US. The main purpose

of this study §s to examine the 1ikelihood of exceeding the SSE of these
nuclear power plants at different levels of ground motion.

The second concern dealing with the margin of safety lead to the formulation
of several Unresolved Safety (USI) and Generic Issues. These programs make

use of insights gained from probabilistic analysis and fts consequences at
selected nuclear power plants, and recommend the revisfon to the SRP to reflect
the state-of-the-art.



3. LICENSING

In the rules end regulations of NRC there is no statement requiring an
applicant to perform a PSSA as one of the requirements for granting a license
for NPP. The NRC staff uses the results of PSSA mainly to gain insight and
suggest fmprovement in some situations when needed based on the PSSA. There

is a great awareness in the USA that performing a PSSA will enhance the safety
of the plant and in some instances may result in a8 favorable cost/benifit
outcome. Also it can be safd that performing & PSSA may provide a warm feeling
about the safety factors which may be existing in the seismic design.

Recently, the NRC Commissfon has mandated that in order to obtain final
design approval for future standard plants, a PSSA should be performed to show
that the design 1s acceptable.

4, RESEARCH

From the experiences gained so far from performing several PSSA, new gvenues of
research have been opened up such as the seismic design margin program,
elastic-plastic sefsmic analysis methods, nonlinear structural dynamic analysis
procedures, and the sofl-structure interaction. A1l these programs will
provide insight and will lead to improvement of requirements to bufld safer
nuclear power plants.
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OVERVIEW OF SEISMIC DESIGN CRITERIA
g o5 = PRA FOR NUCLEAR POWER PLANT STRUCTURES*
&7
{ ¢ H.C. Chokshi (1)
G. Bagchi (1I)

SUMMARY

A number of significant changes from the current licensing acceptance
criteria are being considered in the area of the sefsmic analysis/design of
the U.S. nuclear power plant structures. These proposed changes are discussed

along with the current requirements.
1. INTRODUCTION

-

In the United States, for the licensfng of nuclear power plants, ft is
and components
- fmportant tc safety shall be designed to withstand the effects of natural
’ phenomena such as earthquakes, ...without loss of capability to perform their
safety functions...® In order tc assure compliance with this requirement, the
U.S. HNuclear Regulatory Commission (NRC) staff {ssued several Regulatory
Guides (e.g. Ref. 2) and a Standard Review Plan (SRP) outlfning the NRC staff's
requirenents in each step of the seismic analysis/design of a nuclear power
plant structure. Broadly, these steps 1include: (1) seismic design ground
motion; (2) scil-structure interaction analysis; (3) structural dynamic analy-
sfs; and (4) development of {input wmotion for the design of components and
equipment, within a structure. The seismic design requirements for equipment

required, {in part, that (Ref. 1) "Structures, systenms,

are discussed 1n a companion paper in this conference (Ref. 3).

The seismic design of nuclear power plants have received increasing atten-
tion since the late sixtfes and early seventies. The NRC staff issuved fts
e first SRP:in 1975 (Ref. 4). Subsequently, & revisfon to this SRP was issued in
IR S S e 1981 (Ref. 5). In the mid-seventies, as the total seismic design process
evolved, two questions faced those concerned with the sefsmic safety of nuclear

reactor facilities:

L | : current safety requirements?

b.  /What {s the sargin of ‘safety in the overall sgis'm*lc design _pyog:ess?.‘

a. How adequate are the plants in earlfer hénerations‘:vith respect to

x The USNRC has nefther approved “nor disapproved the -contents of this
paper. The views and conclusions contained in this paper are those of the
authors and should not be {interpreted as necessarily representing the

ofﬂc_ia‘l policies or recommendations of the USNRC.

(I) Relfability and Risk Analyst, U.S. Nuclear Regulatory Commission,

Washington, D.C. 20555, USA.

(11) Section Leader, U.S. Nuclear Regulatory Commission, Washington,

20558, USA.
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In order to address the first question, a Systematic Evaluation Program
was undertaken which examined a number of ulder plants in a comprehensive
manner. The second question lead to a formulation of a so-called Unresolved
Safety Issue (USI) titled Seismic Design Criterfe. The stated objectives of
this USI were “...to fnvestigate selected areas of the seismic design sequence
to determine their conservatism for all types of sites, to {investigate
alternate approaches to parts of the desfgn sequence, to. quantify the overall
conservatism of the design sequence, and to modify the KRC criteria in the
Standard Review Plan {f changes are found to be justified.™ However, it was
decided later to restrict the scope of this USI to recommend the revisfon to
the SRP to reflect the state-of-the-art. ¢

Several research studfes under this USI 1included the following:
(1) elasto-plastic sefsmic analysis methods; (2) site-specific response
spectrd; (3) nonlinear structural dynamic analysis procedures; and (4) soil-
structure fnteraction. The final task in the USI was to review the results of
other studfes and recommend changes in the Standard Review Plan and Regulatory
Guides. Thus, NUREG/CR-1161, “Recommended Revisfons to Nuclear Regulatory
Commfssfon Seismic Design Criteria,” (Ref. 6) is considered to present techni-
cal findings of the USI. In addftion to the research related to this USI, the
NRC staff also sponsored a workshop in June 1986 (Ref. 7) to discuss licensing
criterfa in the sofl-specific interaction analysis.

The objective of this paper 1s to describe the current sefsmic require-
aents described §n 1981 SRP (Ref. 5) and then discuss the proposed changes to
these requirements based on the findings of the above-discussed USI and work-
shop. .

11. CURRENT SEISMIC DESIGN REQUIREMENTS

For the purposes of discussfon, the current seismic design requirements
for structures are divided into the following major four areas: (1) design
ground motfon; (2) soil-structure {interaction- analysis; (3) modeling and
seismic analysis methods for structures; and (4) development of the within-
structure (floor) response spectra for. the analysis of. components and equip-
ment. An extensive discussion of the current total seismic desfgn requirements
of nuclear power plants can be found in Ref. 8. ~ ' :

Design Ground Motion: Nuclear.plants in the U.S: are currently designed
for m-.ieveis of earthquake. The “safe shutdown ‘earthquake" or “SSE" s that
earthquake which is based upon an evaluation of the maximum earthquake poten-
tial considering the regional and local geology and seismology and specific
characteristics of local subsurface material. It {s that earthquake which
produces the maximum vibratory ground motfon for which certain structures,
systems and components are designed to remain functional. The “operating basis
earthquake® - or "OBE" - s -that earthquake which, considering the regicnal and
- local geology and seismology" and specific.characteristics of Tocal subsurface
- materials, could reasonably be expected to affect the plant site during the
-operatfng 11fe of the plant; it is that earthquake which produces the vibratory
ground motfon for which those features of the nuclear power plant, necessary
for continued cperatfon without undue risk to the health and safety of the
public, are desfgned to remain functional. .

610
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Based on geological and seismological fnvestigations, the SSE and OBE
levels are generally defined in terms of the peak ground acceleration level and
associated desfgn response spectra. For most U.S. plants, OBE fs, generally,
at least one-half of SSE. The design response spectra can be efther site-
specific spectra or a broad band design spectra defined 1n NRC Regulatory Guide
1.60 (Ref. 2). The design response spectra in Regulatory Guide 1.60 are
derived by analyzing, evaluating and statistically combining a number of indi-
vidual response spectra derived frop the records of significant past earth-
quakes. It is feportant to recognfze that Regulatory Guide 1.60 spectrum does

not represent a single seismic event and, therefore, is not necessarily con-
sistent with the loca) site characteristics.

In order to perform structural dynamic analysis, particularly to generate
floor response spectra, in the past {t has been necessary that & time history
be available. Use of a synthetic time history whose response spectra generally
envelope the design response spectra for all damping values fs permitted. 1In
particular, the acceptance criteria for the use of a synthetic time history

‘states that “When spectral values are calculated from the design time history

the frequency fntervals are to be small enough such that any reduction in these
intervals does not result in more than 10X change in the computed spectra." An
acceptable set of frequencies at which the response spectra may be calculated
is also included. Another acceptable method fs to choose a set of frequencies
such that each frequency is within 10X ¢of the previous one. '

The acceptance criterfon for meeting the spectra-enveloping requirement
is that no more than five points of the spectra obtained from the time history
should fall bg‘lcw, and no more than 10% below, the design response spectra.

Soil-Structure Interaction (SSI) Analysis: Once the design ground motion
(response spectra and time-history) is determined for sofl founded structures
the next step s to perform the soil=structure {nteraction analysis. The cur-
rent requirements for the SSI analysis specify that the design ground motion
discussed earlfer is to be speciffed at the foundation level of the structures
in the "free-field." In additicn, requfrements state that: 4

“At present, most commonly used methods are the half-space and the finite
boundaries modeling methods and there is nc indication as to which one is more
reliable, especially when toc many assumptions are fnvolved.. Therefore,
modeling methods for {mplementing the soil-structure interaction analysis
should fnclude both the. half-space and finite boundaries approaches. Category
i structures, systems and components should be designed to accommodate
~esponses obtained by one of the following:

lL,-Envelope of results of the two methods, ° T
b.” Results of one 'method with conservative design considération of
effects from use of the other method, =~ =~ = oo
N cqr&w‘lnaﬁon ofm'a".' and’ b.’ with provision of adequate conservatisa in
design.® ' w

. l!lodel‘l. ind Setsmic Analysis Methods for Structures: For modeling of the
structure, % following guidance and requirements are spelled out:
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a. In order to minimize the complexity of modeling, criteria for com-
ponents within the structure which are not required to be explicitly

included (except for their masses) in modeling are defined in terms
of the mass ratio, Rn’ and the frequency ratio, Rf

= Jotal mass of the supported subsystem
Rn otal mass of the supporting system
g, = fundamental frequency of the supported subsystem
f. nant frequency of the support motion
The follow‘lng criteria are acceptable:

1) 1If Ry <0.01, decoupling can be done for any R,.

2) {fzso 01 ¢ R, <0.1, decoupling can be done if 0.8 2 Re >

3) 1If R. 0.1, an approximate wmodel of the subsystem should be
included 1n the prinary system model.

b. The number of masses 15 considered adequate when additional degrees
of freedom do not result in more than a 10X increase in responses.
Alternately, the number of degrees of freedom may be taken egual to
twice the number of modes with frequencies less than 33 cps.

c. The specific percentage of critical damping values used fn the
analyses of structures are consf{dered to be acceptable {f they are
in accordance with Regulatory . Guide 1.61, YDamping Values for
Seisaic Design of Nuclear Power Plants.® The damping value for sofl
nust be based upon actual measured values or other pertinent labora-
:ory dﬁa considering variation in sofl properties and strains within

he so

S Bt sl R For conducting dynamfc analysis, the requirenents are as fol'lows

8. Use of efther the time history method or the response spectrun
method. : )

- b. Consideraticn of the torsiénal, rocking. ond trans'lotiona\ responses
of the structures and their foundations.

c. Investigation of a sufficient nmber of lodes‘t.o assure participation
of a1l significant modes. - The criterion for sufficiency is that the °
inclusfon of additional nodes does not nsult 1n nore than a 10X
increase ‘tn responses.’”

d. Consideration of maximm re'lltive disp‘locenents uong supports of
‘Category I structures, systems, and components.

e. Inclusfon of significant effects such as piping interactions,

externally applied structural rvestraints, hydrodynamic (both mass
and stiffness effects) Toads, and nonlinear responses.

612
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f. When the response spectrum method of analysis is used to determine
the dynamic response of damped linear systems, the most probable
response 1s obtained as the square root of the sum of squares (SRSS)
of the responses from individual modes. For closely spaced modes
(two modes " having frequencies with 10X of each other) specfal

consideration {s  identified in Regulatory Guide 1.92, *Combining
Hodal Responses and Spatial Components in Seismic Response ‘Analysis. ki

g. When the analysis of a structure is carried out separlte'ly for each
. of the three components of earthquake motion, the resulting respanses
are combined using the SRSS rule. When three components are applied
sinultanecusly to 2 structure (as fn a time-hfstory analysfis), the
responses can be combined algebraically provided the components are
statistically {ndependent.

h. Efther the composite nodal damping approach or the modal synthesis
technique can be used to account for element associated damping.

Development of With-in Structure Response Spectra:

For the design of components within structure, which are not {integral to
the structural model discussed above, there 1s & need to develop with-in
structure or floor response spectra. These spectras are used as fnput for
components design. Currently, to be acceptable, the floor response spectra
should be developed taking ints consideratfon the three components of the
earthquake motfon. The fndividual floor response spectral values for each
frequency are cbtained for one vertical and two mutually perpendicular hori-
zontal earthquake motions and are combined according to the ®"square root of the
sum of the squares” method to predict the total floor response spectrum for
that particular frequency, Regulatory Guide 1.122.

In general, development of the floor response spectra is acceptable if a
time history approach 1s used. If a modal response spectra method of analysis
fs used to develop the floor response spectra, the justification for its
conservatism and equivalency to that of a time Mstory method must be demon-
strated by representative exa-ples.

Consfideration should be given in the ena'lysis to the effects on f’loor
response spectra (e.g., peak width and perfod coordinates) of expected varia-
tions of structural properties, dampings,, soil properties, and soil-structure
interactions. - Any reascnable ‘method for détermining the amount of peak
widening assocfated with the structural frequency can be used, but i{n no case
should the amount of peak w‘lden‘lng be Vess than £10X. If no special study is
performed for this purpose, tne peak width should be increased by a ninimn of
115X to be acceptable. 3 -

~.

IIL PROPOSED U-WGES m SEISHIC DESIBN REQUIREHENTS
Thé discussfon in this” sect‘lon §s again divided inta four areas as in the
previous section. Additional requirements for special structures are also
briefly discussed. ’ :

Des‘l n Ground Motion: Recent st.udies .(Ref. 9) {indicate that numerically
generated artificial ground acceleration histories produce oower "spectral
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density (PSD) functions having a quite different appearance from one individual
function toc another, even when all these time histories are generated so as to
closely envelop the design response spectra. For example, the use of the
available techniques of generating acceleraticn histories that satisfy envelop-
Ing Regulatory Guide 1.60 (Ref. 2) spectra usually results in PSD functions
which fluctuate significantly and randoxly as a functfon of frequency. It is
a1so recognized that the more closely one tries to envelop the specified
response spectra, the more significantly and randomly do the spectral density
functions tend to fluctuate and these fluctuatfons may lead to an unconserva-
tive estimate of response of some structures, systems, and components. There-
fore, when & single artificial tfme history is used fn the design of seismic
Category I structures, systems, and components, 1t is proposed that this time
history should satisfy requirements for both response spectra enveloping and
n:tcli\}?g a8 PSD function smoothly distributed over the frequency range of
significance. .

For Regulatory Guide 1.60 spectra, a target spectral density (Kanai-
Tajimf form), 1s specified. An artificial time history, having satisfied both
the response spectrum and power spectral requirements, may be used as a repre-
sentative sefsmic fnput for desfign purposes after being properly scaled.

In order to covercome the deffcfency resulting from the use of single
time-history, an coption to use multiple real or artificfal time histories is
also being proposed. The use of multiple time histories is attractive from
many points of view .(Ref. 10). When multiple analyses are performed in a
systematic format, one can explicitly account for the recognized variability
in definition of the sefsmic {nput and 1in the system characteristics
(properties of the soil, structures, piping systems, equipment, etc.). The
degree of conservatism due to the response calculatfonal process s, hence,
quantified. This leads to & more balanced design, fn particular, fer sub-
systems whose input environment 1s defined by in-structure response spectra;
their values being smoother and broader than spectra cbtained from conventional
single time history analysis. Currently, a minimum of five time histories are
proposed for such multiple time histories analyses. _ ' A

Sofl1-Structure Interaction Analysis: The HRC sponsored a workshop on
Soi1-Structure Interaction (SS1). In June 1886 to discuss 1icensing 1issues.
The proposed changes in this area are based on_recommendations resulting from
this workshop (Ref. 7). It was noted at the workshop that {n order to employ

.a suitable state-of-the-art .approach:1o -perform .the SSI analysis without
resoerting to the current enveloping requirements (see Section 1I), one must

use site-specific ground motion. . It .is alsc being considered that this ground
wotion should be defined .to-be.at.a free ground surface (rather than at.the
foundation levels as in the current requitesents). e
Two cases are  {dentified depending on.the sofl characteristics at the
site. For relatively unifora sites of sofl or rock with smooth varfation of
properties with depth, the control point should be specified on the sofl free
surface at- the top of -the grade. - The free-field ground motfen or contrel
motion should be consistent with the properties of the soil profile. For
sites composed ‘of one or more thin sofl layers overlying a competent material,
the control point {s specified on an outcrop or a hypothetical outcrop at a
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Tocation cn the top of the competent material at the free surface. The control

motion specified should be consistent with the properties of the competent
material,

It is noted that there is enough confidence in current methods used to
perform the SSI analysis to capture the basfc phenomenon and provide adequate
design informatfon; however, the confidence fn the abflity to implement these
methodologies s uncertain. Therefore, in order to assure proper fsplemente-
tio?, 1the.i’ol'lwing general guidelines should be observed in performing SSI
analysis. o .

a. Perfora sensitivity studies for {mportant parameters to assist in
Judging the adequacy of the final resuvits;

b. Through the use of some appropriate benchmark problems, the us'er
should demonstrate 1ts capability to properly {mplement any S$SI
methodologles; and‘

c. Perform enough piranetric studies with the proper variation of param-
e:ers tio )address the primary uncertainties (as applicable to the
given site). ’ .

Modeling and Seismic Analysfs Methods for Structures: The proposed
requirements in this area essentially remain unchanged except for considera-
tion of high frequency modes (§.e. modes in excess of about 33 Hz) 1n the
dynamic analysfs.

" The SRSS combinatfon of modal responses 1s based on the premise that peak
moda) responses are randomly time phased. However, at frequencies approxi-
mately egual to the frequency at which the spectral acceleration, S., returns

to the peak zero perfod acceleration, IPA, or greater, this is not a valid
prenise. At these high frequencies, the seismic input motion does not contain
significant energy content and the structure simply responds to the inertial
forces fron the peak ZPA in a pseudo-static fashion. The phasing of the maxi-
oum response from modes &t these high frequencies ‘(roughly 33 Hz and greater

" for the Regulatory Guide 1.60 résponse spectra) will be essentially determinis~ .

tic and in accordance with this pseudo-static response to the peak IPA.
. N N - . " r . e . .

There are several solutions- to the. problem of bow to combine responses
assocfated with high - frequency modes when the lower frequency modes do not
adequately define the mass content of the structure. The procedure, suggested
in Ref. €, appears to be the simplest and accurate for incorporating responses
assoclated with high frequency modes (beyond about 33 Hz), and 1s the procedure

{ncorporated in the propesed revision. *- e
; p ) A ;

! In additfon, it s -alsc recognized that the dynamic- analysis can be per
formed by any suitable method such as response spectrum analysis, frequency
dp_qip analysis, tine_ history analysis, etc. :

T ALY et e

gevoloant of With-1{n Structure Res%gnse Spectra: When a sfingle arti-
ficlel time history is used for the design, the provisfons discussed earlfer
are still applicable. However, now two other options are also proposed to
develop the floor spectra: (1) to develop floor spectra through the use of
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nultiple time histories; and (2) to develop floor spectra through direct
generaticn. ’

The overall benefits of the use of multiple time historfes include
smoother, less sharply peaked floor spectra without additional conservatism
{ntroduced by peak broadening, spectra easfer to replicate 1n tests, and easfer
to recognize and directly include uncertainty. Of course, the use of multiple
time histories will require more calculations. :

} The proposed revisfon also includes the use of direct generation methods
which allow the generatfon of in-structure response spectra directly from the
ground response spectra without time history analysis provided these methods
are shown to produce results .comparable to the results obtained by a time
history analysis. The direct generatfon methods are economical for parametric
studies and would reduce the uncertainties assocfated with {n-structure
spectra generated from synthetic *ipe histories.

Special Structures: Requirements are being proposed for special struc-
tures such &s above ground vertfcal tanks and underground buried piping struc-
tures. In the past, the tanks have been designed on the assumption that the
tank walls are rigid (Ref. €). However, typical large metal tanks in the
nuclear power plants have fairly flexible walls and it 1s now recognized that
one can underestimate the tank forces by a factor of 2 to 2.5 {f the tank wall
flexibility 1s {gnored. The proposed requirements detafl the tank analysis
approach which accounts for the tank wall flexibility.

IV.. CONCLUSION

A very broad cverview of the current sefismic design requirements and
changes under consideration has been presented. Much more detailed information
- on the proposed changes and other changes are discussed 1n Refs. 6 and 10.
Some other related changes, such as eliminaticn of two levels of earthquake
(08E dm“d SRS? for design purposes and piping analysis requirements, are dis-
cussed in Ref. 8. : .

In conclusfon, it 1s noted that the proposed changes in the requirements
for the sefsmic analysis of the nuclear power pltant structures will lead te:
(1) upgrading of requirements to reflect the current state-of-the-art;
(2) elimination of potential sources of nonconservatism, such as the considera-
tion of the wall flexibility 4n .the tank design and consideration of high
‘frequency modes; and (3) removal of unquantifiable excessive conservatism by
peraitting the option of the multiple time-histories and direct generation of
the floor spectra. )
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