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To demonstrate how "high-level" qualification test data can I

be used to estimate the ultimate seismic capacity of ruclear )

power plant equipment, we amaaaaai in detail various ;

electrical mpants tested by the Pacific Gas & Electric !

l|
Ompany for its Diablo Canycn plant. As part of our Ihase I
Cuweit Fragility Paaanrdt FiWumu, we evaluated seismic
fragility for five Diablo canyon myc.4 wits: medium-voltage
(4kV) switdgear; safeguard relay board; e iidvu cy light i

battery pack; potential transformer; ard station battery and |
racks. 'Ihis report diam m our Ihase II fragility I

evaluation of a single Westinghouse Type W notor control
center column, a fan cooler motor controller, and three local ,

starters at the Diablo Canyon nuclear power plant. 'Ihese ;

mycawits were seismically qualified by means of biaxial ;

randam motion tests on a shaker table, and the test response
'

spectra formed the basis for the estimate of the seismic
capacity of the omponents. 'Ihe seismic capacity of each ,

cupsit is referenced to the zero period acceleration (ZPA)
and, in our Ihase II study only, to the average spectral .;

acceleration (ASA) of the motion at its base. For the notor ,

!

ototrol center, the seismic capacity was empared to the
'

capacity of a Westingbouse Five-Star MCC subjected to actual
fragility tests by llNL during the Ihase I Cmponent
Fragility Research Program, and to generic capacities
develcpd by the Brooknaven National Laboratory for motor

L
cor2 trol centers. - Except for the medium-voltage switchgear, ,

|
all of - the ocaponents considerad in both our Ihase I and i

'

Ihase II evaluations were qualified in their stardard
*

= ommercial configurations or ultit only relatively ninor nodi-
| fications such as top tracinJ of cabinets. 'Ibe insults of

our study suggest for the amp ments considered i1) a highL

degree of camonality exists with similar egaignent in plants
located in regions of relatively low seismicity, ani (2) that

,

I the equipnent in low-seismic-zone plants should hava ultimate
seismic capacities Nell above either current qualification!

requirements or new requirements that might ome about as a
result of NRC resolving the Charleston earthquake issue.
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1. INTRODUCTIGt

1.1 - packground

Over the past <*ada methods have been developed to acaaan probabil-~;.

istically how large earthquakes would affect nuclear power plants,
particularly the associated risk to public health and safety. %ese
pmbabilistic risk amaacamarit (PRA) techniques ambine " event trees",
which describe the postulated accident scenarios (or "initiatig
events") capable of causig core melt, with " fault trees" describing
the likelihood of equipnent failures leadig to a reduction in or loss
of the ability of certain plant systans to perform their designated
safety functions given that an initiati g event occurs. A key element,

in the fault tree analysis is the " fragility" - or likelihood of
failure - of various emponents under postulated accident conditions.

Application of probabilistic analysis techniques, both in NRC-sponsored
research such as the Seismic Safety Margins Rwearch Program aM in
ocxtenercial WA stMies, has iMicated that potential accidents
initiated by large earthquakes are one of the major contributors to
public risk. However, cortponent fragilities used in these analyses are .
for the most part based on limited data - primarily design information
and results of component " qualification" tests - nnd emineering
juckyement. %e seismic design of components, in turn, is based on code
limits and NRC requirements that do not reflect the actual capacity of
a couponent to resist failure; therefore, the real " seismic margin"
between design conditions and coMitione actually causing failure may
be quite large. %ese elements ccanbine to produce fragilities that are
not only highly uncertain but, in the view of many experts, are also
overly pessimistic descriptions of the likelihood of failure for many
couponents. W e observed performance of mechanical and electrical
endrrnent in non-nuclear industrial facilities that have experienced

- strong-motion earthquakes tends to support this view. However, this
same experience has also iMicated that although a cuprent may itself
perform well in an earthquake, poor or inadequate support conditions
may increase the likelihood of its " failure" in a safety sense. mis
also holds true in certain cases for aging or envirorsental effects,
which may require attention if an " adequate" description of fragility
is to be achieved.

In order to improve the present cornponent fragility data base and
establish component seismic design margins, the NRC comissioned a
Conponent Fragilities Research Prognuu (CFRP). W e CEP was conducted
in two phases. Riase I comprised parallel efforts to (1) develop and
demonstrate procedures for performing sm@ rant tests to obtain new
fragilities data, (2) identify through systematic grouping components
influencing plant safety and therefore candidate for independent NRC
testing, and (3) compile existing fragilities data obtained frum

! various sources. During Miase I, the Iawrence Livermore National
! Iaboratory (LINL) performed component testing and prioritization [1,2],

while the existing fragilities data base was ccxnpiled and evaluated by
the Brookhaven National laboratory (BNL) .
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The CFRP supports the need for realistic inputs for probabilistic risk
acaac== ants and margin studies. This r=amh seeks to test the
hypothesis that electrical and mechanical c.uwents have greater t

seismic capacity than is presently assumed in seismic risk assessments,
and,.as a consequence, that the significanoe of the earthquake threat
might be diminished in licensing decision-making. In particular, the
CFRP still result in the following:

o more realistic inputs for PRA applications. - Improved descriptions
of caponent fragility, based on actual failure data, will reduce
the uncertainty inherent in subjective fragilities drawn frun
design information ard results of equipment qualification testing.

o better understanding of ocmponent failure modes, of how various
individual factors affect failure, and of the real." margin"

' between design or qualification requirements ard conditions that
might actually cause failure,

e guidance for development of seismic review procedures for existing
plants, for interpretation of existing qualification or fragility
data, and for specification of test procedures of equipnent for.
which in-depth testing to " failure" is warranted.

These results will cmbine to improve our ability to nore realistically
assess seismic risk while at the same time contributirn to elimination
of unn==cary licensirs delays to respord to seismic issues.

1.2 The Charleston Issue

One near-term issue facing the NRC in particular ard the nuclear indus-
try'as a whole is that of potential revisions in the seismic design
bases for older plants. Most older plants located in the eastern
United States were either not subjected to the in-depth seismic design
typical of more modern plants, or were designed for relatively low
levels of safe shutdown earthquake (SSE). This practice reflected the
long-held view that the eastern United States (i.e. east of the Rocky
Mountains) was historically an area of generally low seismicity with
only a few isolated recordc of large earthquakes. However, recent
studies have suggested that the seismology of the region is such that
the effects of large earthquakes - such as those near Charleston,
South Carolina in 1889 ard New Madrid, Missouri in 1811-12 - could
affect much wider geographic aruas than originally believed. The
results of these-studies therefore present NRC with the problem of
resolving what constitute "more appropriate" design basis earthquakes-
for plants in this region.

Resolution of the " Charleston issue" brings with it the prospect of SSE
levels significantly higher than the original design bases for plants
in the affected region. Reevaluation of certain plants for these
higher SSE levels could result in certain design allowables being
exceeded, potentially jeopardizing the continued operation of these

1-2
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plants. - However, avr=Anoe of._ design allowables does not necessarily
,um p uuise' plant safety, if it can be shown that sufficient " reserve" ~

capacity is available to absorb incr- in postulated seismic loads.
At least three potential options exist for this purpose:

(1) hid-Late eauiment "rw-iness." Mechanical and electrical j
equipment related to plant safety is typically " qualified" to ;
hid= Late its ability to function as interded during a site-

1g

specific SSE. We " seismic margin" between design level ard .
actual failure is not typically measured as a part of qualifica-
tion testing; most experts contend, however, that many equipnent

L items have sufficiently high seismic capacity - " inherent
H ruggedness" - that they would function adequately even during or
| after input m tions well in excess of qualification requirements.

| Demonstrating that this runedness exists, either through actual
L failure tests or by alternate means, therefore represents one

potential response to a revision in SSE levels. Many organiza-
tions are actively pursuirg this option. h e Electric power
Research Institute (EPRI), for example, is currently applying
existing qualification data to develop " generic equipment rugged-
ness spectra" (or "GERS") for certain items of plant equignent.
Together with EPRI, the Seismic Qualification Utility Group (SQUG)
-is empiling information on the performance of heavy industrial
facilities (which contain many equipnent items typically found in
nuclear power plants) during actual strong-mtion earthquakes.

L (2) perform "less conservative" resnonse analyses. Equipment in many
older plants may have high seismic margins owing to relatively _
conservative response analyses being used in plant design (e.g.,
to predict equipnent input motions). Many. factors can affect the
degree of conservatism, includirg (2) the specific analytic|

methods used to predict cmponent response (e.g. , two- vs three-
L dimensional finite-element analysis, time-history vs response
L spectrum analysis, coupled vs uncoupled analysis), either singly
! or in combination, (2) input data such as damping values, ard

(3) application of safety factors to calculatal results to
" insure" conservatism. Just whac constitutes a " conservative"
analysis is subject to interpretation, but in general the less
sophisticated an analysis is, the more corservative it tends to
be.

'

|

| If a design is done by analysis, the apparent margin is influenced
by the particular analytic method used. A " conservative" method'

L of analysis may result in an artificially low margin. Taking
l~ advantage of mare refined, i.e. "less conservative", analysis
| techniques to evaluate an older plant thus represents a possible
j means of more realistically predicting (i.e. reducing) responses
|-

1-3
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to incr==ai seismic loads in order to meet revised regulatory
criteria.-

(3) am1v ruv4=*i NRC redw= ants. Recent or pending changes in NRC'

regulations affectity postulated design loads allow or would allow
relaxations sudt as deocupling SSE and certain loss-of-coolant
accident ~(IDCA) loads, elimination of dynamic effects (pipe whip,>

|'.
L jet inpirarsnent, hydrodynamic loads) associated with certain pipe j

breaks, and use of alternative hiptions of danping. Plants I
.

originally designed for loads or load cambinations affected by the
regulatory' actions might imnefit in that these loads or-load*

,

|: otanbinations would no longer need to be considered in a i

!- reevaluation for -increami seismic loads, or would be r=^=d
l, through use of alternative (i.e. more realistic) input criteria-
L for calculating loads.'

i

[ 1he investigation dimcai in this report concerns it= elf with the
first of these options, namely equipment ruggedness. It is inportant
to keep in mind, however, that future responses to more stringent
seismic design criteria may be able to take crudit for all three to one.
extent or another. consequently, any a = - nt of seismic capacity

.

|,

|- nust take the other two factors into account in order to assure it is
'

conducted on a reasonable basis.

1.3 Scope of the Present Evaluation
|

| , As part of.our Phase I ccanponent prioritization effort, we assessed ir.
detail five ccmponents tested by the Pacific Gas & Electric Catupany
(FG&E) for its Diablo Canyon nuclear power plant: medium-voltaga (4kV)
switchgear; safeguard relay board; emergency light battery pack;

,.

potential transformer; and station battery and racks. The results of
- our Ihase I evaluation indicated that these components, even in their

L standard ccanercial configurations or with relatively minor structural
' modifications, would rate as "high capacity" accordiry the guidelines

established during our Phase I cupment prioritization effort [2],
i.e. the median seismic capacity of cach exceeds 2.0g based on local
ZPA at the component base. The objective of our Phase II evaluation
was to extend the aw-mt to three additional Diablo Canyon cotupo-
nents: a single Westinghouse Type W motor control center column, a
reactor containment fan cooler notor controller, ard three local
starters. We selected these particular components not only for their
safety significance, but also because they represent different appli-
cations and mounting configurations of ncxninally similar electrical
devices, i.e. contact-operated motor starters.

Lccated in southern California, the Diablo Canyon plant was originally
designed for a 0.4g MA safe shutdown earthquake. The design basis SSE
was later'ir. creased to 0.75g PGA following discovery of a previously
urdetected offshore fault zone (the "Hoagri" fault) passing within a
few miles of the plant site. An extensive evaluation performed by M&E
and its consultants demonstrated that, with some modifications, equip-
ment required to shut down and maintain the plant in a safe condition
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would be available following the postulated Hoegri earthquake (3). As
in our Phase I evaluation, the fragility evaluation described in this
report is haani on the "high level" qualification data generated as
part of the PG&E study.

'Ihe PG&E data is of interest for " low level" sites east of the Rocky *

Mountains because the Hoegri input motions almost certainly bourd any
"reasemable" increase in SSE levels resulting frun resolution of the
Charleston issue. Although less definitive than actual failure
(" fragility level") data for acaamaing ultimate seismic capacity, the
high-lavel qualification can be useful in the following ways:

if =pr=nt camonality can be shown between high- and low-levele
plant sites - for exanple, through use of standard camercial
cupauits - the fragilities derived frcan "high-level" data might
be directly applicable to equipment qualified for lower eartivguake
levels. 'Ibe degree of ccanonality would, of course, depend in
large part on the extent to which the tested equi nent had beent
modified to meet the more stringent naimmic qualification require-
ment. Evaluation of high-level data is most useful for confiming
"high" seismic capacity, less so when a more definitive fragility
description is desired (e.g. for low-capacity couponents),

e if the tested equipment had been modified to meet qualification
requirements, the test experience might suggest similar modifi-
cations that could be made to increase the seismic capacity of
like conponents. 'Ihese results could also provide guidance for
development of seismic review ("walkdown") procedures for in-situ
inspection of plant equipment.

e if ocanonality cannot be established, the "high-level" testing >

experience would suggest conditions for rigorous testing of the
conponent in question.

It is important to note that we do not view evaluation of qualification
data as a substitute for testing if truly definitive fragility descrip-
tions are desired. Typically, qualification tests do not include
systematic (i.e. parametric) investigations of factors that potentially
affect seismic performance - mounting conditions, for exanple. Any
" sensitivity studies" during such tests usually arise out of necessity
as equipment is modified to meet qualification requirements. As a
result, often only minimal detailed information is available for ''

estimating the uncertainty parameters needed to develop a ocanplete
fragility description.

However,-in cases where "thresholdt fragilities might be adequate for
making regulatory decisions -- those involving "high capacity" coqx>n-
ents, for exanple - use of high-level qualification data may provide

,

reasonable estimates of seismic capacity. 1

|
|

l
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1.4 Definition of C--- =--4 Fracility
.

;

" Fragility" is a term ocxananly used to describe the conditions uMer |

which a wigsit (or, in general, a structure, a piping systen, or
piece of arir=mt) would be expected to fail. In this report we are

. concerned with seismic fragility, in other words, what levels of
|' seisnically-induced input motion would be required to cause wigsit

,

failure; it is important to keep in mird, however, that fragility can
in principle be defined for Aay input condition affecting c.w w eit
performance. Failure can be characterized as either functional'(e.g.,

/ erratic behavior, failure to perform interded function) or physical, or
as the er-knoe of some predetermined performance criteria (such as a
limit given in a design code)..

.

One interpretation of wipent fragility - which we will refer to as
the " fragility level" - evolves frm qualification testirg. In
seismic qualification testing, a conponent is subjected to input mtion
characterized by a specified waveform describing input level (seismic
acceleration) as a function of frequency. 'Ihe cxuponent is " qualified"
if it continues to perform its interded function when its response to
this input motion -- the " test response spectrum," or TRS - meets or
e W e pre-determined acceptance limits (the " required response
spectrum," or RRS). In qualification testing, the TRS is usually
measured at the component support points.

Although it may establish the adequacy of a component for a particular
seismic environment, a su - ful qualification test does not directly
provide data on what input motion levels actually result in camponent
failure. 'Ihis can be (and often is) done by retaining the original
input spectrum and then increasing the input level until " failure"
(however it is defined) occurs. 'Ihe TRS at failure represents the
" fragility level" of the ccuponent; the difference between the
fragility level and the qualification level thus repInsents the seismic
margin or " ruggedness" of the camponent.

'Fragility is described differently when used for PRA purposes or for
other types of probabilistic analysis. In this case, the fragility of
a ccuponent represents the probability of its failure - or more
rigorously speaking, the probability of attaining a defined " limit
state" - conditioned upon the occurrence of scre level of forcing or
response function. It may be expressed in terms of a local response
parameter (for example, input motion at the ccuponent mounting loca-

'

tion) or can be tied to a more global forcirg function such as free
field peak ground acceleration (MA). Note however that when fragility
is anchored to a forciry function, the further removed the camponent is
fram that forcing function, the more factors there are (such as struc-
tural response ard soil-structure interaction) that must be considered
in the fragility description.

'Ibe probability of failure is typically described by a family of
" fragility curves" plotted at various levels of statistical confidence
(see Fig. 1.1). 'Ihe central, or " median" function represents the

1-6
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fragility aralyst's best estimate of the "true" fragility of the
un w = ant taking into account all significant factors which, in the i

analyst's jr-ly-+ wit, might contribute to failure. S e central point !

(50% probability-of failure) on this curve represents the " median
i

capacity" of the ampaniit. S e fragility function is a distribution -

characterized by a log-normal. function with this median value and a i

|
| logarithmic standard deviation # which describes the "randam" varia-

tion in the parameters affecting# ragility. In a description of. If

seismic fragility, for exanple, this parameter might represent the
differences in real earthquake ground motion cernpared to the input
motion that a cenponent is subject.ed to in qualification or fragilities
testirg.

Se 5% function and 95% function in Fig.1.1 represent the "nwialing
,

uncertainty" in the median fragility function. W ese bounds, which may
also be referred to as 5th- and 95th-percentile confidence limits, are
based on the vt== tion that there is uncertainty in the uwlian
capacity; this uncertainty is characterized by a logarithmic standard

I

is a 95% su8j. Sinply stated, a 95% confidence limit implies that there
deviation

| ective probability (" confidence") that actual capacity is
less than the median value indicated for the 95% fragility function.
Modeling uncertainty, often described as " lack of knowledge" about the
caponent in question, reflects the adequacy (or inadequacy) of *

,

| information - component damping values, for example - used by the
; fragility analyst to form his judgementa about camponent capacity.

mus, mialieg uncertainty in fragility descriptions has a subjective
rather than a " rand m" basis as is true in the statistical sense.

For any given cmponent, enpirically developing a statistically
meaningful seismic fragility would require that a large population of
identical umupciients (e.g., several hundred or several thousand) be
subjected to successively higher levels of acceleration and the dis-
.tribution of failures (howevur " failure" is defined) be recorded as a
function of acceleration level. Practical. constraints on time and
resources clearly make this infeasible for a single cmponent under
well-defined load conditions, let alone for the effectively infinite
cmbinations and pernutations of camponent type, manufacturer, mount-
irg, and loading conditions that could be identified for actual nuclear
power plants. W erefore, an alternative approach is rw - m y to
experimentally gain an insight into fragility.

Our approach to fragilities testing takes advantage of the fact that i

for practical PRA applications, a limited or " lower bourxl" fragility
,

description may be adequate. In a probabilistic analysis, failure )
occurs caly when the probability distributions of response and fragil-
ity overlap; therefore, only the lower tail erxl of the fragility curve
may be of interest from a PPA standpoint. For components having a high I

seismic capacity (high " ruggedness"), the overlap of the response and I

fragility distributions could conceivably be so small under all cred-
ible loading conditions as to imply that the probability of failure is
negligibly low.

|

|
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One method of developing a " lower bound" fragility is to estimate the
so-called "HCIPF" (Bigh Qanfidence, low frobability of failure)

.

capacity for.the wycr=st. S e HCLPF capacity considers both the
randa and nrdaling uncertainty in the median capacity, and is defined

.

as that value of the forcing or response function (su& as seismic J
amaleratim) for which we have "95% confidence" that the probability

'

of " failure" is less than 5 percent. If the nedian capacity of a
-'w,croit is defined by a peak acceleration with value A, the corre-

sponding HCIPF capacity (i.e. HCIPF acceleration) is obtained frun-
the following numerical relationship:

|

Q = N exp [-1.65 (pr + Oull (1~1) 1

and represent the randam and waaling uncertainties, respec- i

where pr, h mNdian capacity A can be determined by w v -it tests,y

tively. er
either to actual failure or to see threshold or " cut-off" limit. %e i
cut-off might be applied, for exanple, in testing certain ocrponents ;

whose actual median capacities were significantly above any response
~ levels of regulatory interest.

%e HCIPF capacity provides a practical means of addressing variations
that inevitably arise between actual plant conditions and test condi-
ims, variations that might otherwise be difficult to pau==d.rically
quantify by testing alone. For example, the rand a uncertainty
allows for variations.in real earthquake motion empared to test input ,

motion, variations in building floor response, or (e.g., for cabinet-
mounted electrical devloes) random variations in cabinet response. Se
modeling uncertainty can account for variations in real danping

w M mounting conditions, or in the response of func-values, or in w cr
tionally similar coqxments of different size or supplied by different
manufacturers. W ese uncertainties can be quantified by systematically
structuring test conditions in the form of " sensitivity studies" to

! investigating the effect of various parameters on the measured median
,

capacity of the device tested. m is was the basic approach taken in
our Ihase I demonstration tests.

.

h HCLPF approach b u the added advantage that, in the absence of
ocmplete fragiTicy data, a " lower bound" fragility can still be defined
for a seismically qualified emponent by assuming its qualification

| level also represents its HCLPF capacity. Engineering judgement can
L then be applied to estimate the uncertainty parameters and thus make
| inferences about the median capacity.
|

L Note that because the HCLPF capacity by definition presumes a five
' percent probability of failure, while " qualification" implies no

failure, it tends to be a conservative measure of seismic performance
when so derived. It may in fact be overly conservative if qualifi-
cation IcVels are low, as would be the case for many plants in the
eastern United States. However, HCLPF capacities based on "high level"
qualification data - frm plants in the western United States, for

l-8
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exanple -- can provide useful lower bourd fragilities for plants having
-relatively Icw design basis earthquakes. The CFRP Ihase I Prioritiza-
. tion Report [2] first <%u,-ibed how we used this appread to infer the *

actual capacity of selected electrical equipment at the Diablo Canyon
nuclear power plant in southern California. This same approach was
also applied in our Ihase II evaluation of additional Diablo Canyon

I' electrical wwets. I

In itself, the HCIPF capacity is a useful parameter on whid to base
regulatory decisions concerning *=iamic performance. However, extreme
care mast be exercised in selecting " reasonable" values of g and g
when using a HCIPF capacity derived from qualification data Eo infe9 .i
the actual capacity or " fragility level" of a wwsit. The reasons

L for this are two-fold:

e as shown in Fig.1.2, the slope of the fragility curve hamr=aa
|: more shallow as random uncertainty (4) increases. Therefore,

the resultant median capacity on the 5% curve (and, for constant'

the inferred fragility level) also increases with increasing '

j- rNr, dam uncertainty.

As shown in Fig.1.3, however, if the fragility level of the
Owenant is known (e.g., from actual failure tests), then the
HCIPF capacity derived frun the median capacity decreases with!

increasing random uncertainty.

e similarly, as modeling uncertainty (L) increases, the offset
between the 5% fragility function and"the 50% function also
increases, inplying an increase in the inferred fragility level.
If, on the other hand, the fragility leve.1 is known, an increase
in modeling uncertainty drives the HCIPF capacity towards lower

1

(i.e. more conservative) values.

These figures illustrate how a " bottom-up" assessment of seismic capac-
ity (i.e. inferred frun HCIPF capacity) can inply that fragility level'

increases with uncertainty, whid is clearly non-conservative. The
fragility analyst nust therefore exercise extreme care when selecting
the uncertainty parameters used to infer the ultimate capacity, or
" fragility level", of a cwwent. Unfortunately, the information
n-wy to select these parameters may not be available frun existing
data, or may be difficult to assess consistently if attenpts are made
to consolidate data from several diverse sources. The less definitive
the data on HCIPF-derived fragility descriptions are based, the higher
their degree of inherent uncertainty.

For certain high-capacity components, this uncertainty may be tolerable
if only a " lower lxxuxi" fragility - a HCIPF capacity alone, for exam-
ple, or a 5% fragility function - is adequate for regulatory decision-
making or for PRA applications. This may apply, for exanple, to high-
capacity cuw=As at plant sites with relatively lcw SSE requirements
(e.g., in the eastern U.S.), provided that (1) the "high capacity"
rating of these canponents can be substantiated, and (2) commonality in

1-9
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configuration and nounting conditions can be established between the in- '

plant murents in question and those for which "high level" data is
available.

In general, however, high inherent uncertainty suggests that a " top- i

down" assessment - estimating HCLPF capacities frun measured fragility
levels - is still preferable for assessing seismic performance. mis
is particularly true when a detailed fragility function, rather than a
" threshold" fragility description, is r-ary for low-capacity equip-
ment. - Pauu=Lric'" sensitivity" tests, even on a limited scale, are
best-suited for this purpose when structured to systematically investi-
gate how individual factors affect seismic performance. The resultant
understanding aids not only in developing fragility descriptions *

directly from the failure data, but also in interpreting and applying
data compiled frcan other sources.

1.5 M M cal Basis for the Present Evaluation

As in our earlier Phase I evaluation of the Diablo Canyon equipment .

'
tested during the Hosgri rugualification program, seismic fragilityA

curves were derived frun our subjective judgement based on the dynamic
test data available to us. Subjective judgement is r-mrily
associated with a large uncertainty because there is no information on
the response of equipment subjected to levels of test motion above that
requirut for qualification purposes. The fragility results developed
for the equipnent considered in this report reflect the followiry basic
assunptions:

(1) For the purpose of establishing the fragility, the local seismic
motion of the equipnent is adequately characterized by the zero
period acx:eleration at its base. This asstmption is made for
horizontal as well as vertical motion, and allows us to sinply
express seismic fragility as the probability of failure for any
given level of ZPA at the equipment base.

(2) The minimum seismic capability, now expressed by the base motion
ZPA experienced during qualification testirg, is that associated
with a 5% probability of failure at a 95% confidence limit. This
Ammrtion follows the definition of HCLPF fragility discussed
earlier, t

(3) The probability distribution of the fragility is log-normal with
modeling uncertainty g = 0.18 and randczn uncertainty = 0.09.
The ammrtion of a lod-normal distribution reflects cc8 mon prac-
tice in fragility analysis, although it is recognized that other
types of distributions may be equally valid.

The values of model uncertainty and random uncertainty assumed in the
evaluation represent a key factor because, in the ord, these determine
how the HCLPF capa' ity (which is based on actual qualification data) isc

.

.
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extrapolated to infer a inedian seismic capacity. N values of g and ;

g given above were selected based on the following naa m ations:uy

(1) 'Ihe use of the local ZPA at the u.AyOi.snt base as the parameter'

' for the fragility daar ription incurs much smaller variability than ,

does the use of either the peak ground acceleration (IGA), which
is ommonly used in probabilistic risk a-s%t, or the local
iipeuk al respc se acceleration at the camponent base. Use of IGA ,

as the fragility parameter, such as that in Ref, 4, must account
for the variability in the ground motion and structure dynamic-
anplification at the u.mg. ant location in addition to the
variability in the local ZPA. When using the local spevL al
response acceleration as the fragility parameter,-such as was done ,

by the Seismic Margins Pacaamh Fwjram (SSMRP) for electrical
ua w . ants whose fragilities were darived fr m the SAFBGUARD test
data frm the U.S. Corps of Engineers-(4), one must account for
variability in the spectral danping aM the shape of the spevkom'

versus the natural frequencies of the cornponent, which always '

'

exmaada the variability in the local base ZPA.

(2) '1he evaluation described in this report is limited to specific
equipment items which have either been seismically sheydened
or, through qualification testing, have been shown to be highly
resistant to seismically-iMuced failure in their standard
comercial configurations. References 4 and 5, however, both
attenyt to predict generic fragilities for broad classes of
electrical cavonents; such generic fragilities by nature have
larger variability than those based on specific data for specific
conponents.

(3) '1he ratio of M to in Refs. 4 and 5 typically ranges frun 1.5
to 2.0. We seYected the upper end of this range (i.e. 2.0) based#

on our review of the qualification test data.

In Refs. 4 and 5 the value of #" we judge the modeling uncertainty
typically ranges from 0.35 to 0.50.

.

Ramad on the above observations,
g = 0.18 to be consistent with that assumed in Refs. 4 and 5, which
uNe a different parameter for the fragility description. In addition,
we are inferring median seismic capacities through extrapolation of
mav h m test qualification acceleration data. 'Ihe extrapolation was
done with conservatism in mind because the seismically qualified
equipment already exhibits a high seismic capability (as necessitated
by plant design), for which purpose a smaller variability will be
consistent.

Except where noted otherwise, the same values of # and #r were used
for all of the ccznponents considered in this evalu3 tion.

In our Phase II evaluation only, we also used another fragility descrip-
tor, the average spectral acceleration (or "ASA"), developed by the
Brookhaven National Laboratory as part of its study of generic seismic
fragilities for nuclear power plant electrical cornponents (6). 'Ihe
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ASA, defined as the average spectral acceleration of the applicable ,
2% danping response spectrun for the frequency rarne frun 4 to 16 Hz, '

is an attempt to use a sirgle parameter to account for the fact that,: 1

.at least for relatively " flexible" cum 4=mts, Waal acceleration isc

a more appropriate parameter on which to base a fragility description.
Consistent with the assunptions we applied to the estimate of the HCIPF
ZPA, the HCIPF ASA was established frun the ' IRS representing the
mininnan seismic' capability. Because the TRS in the qualification tests
was associated with a 3% danping, the ASA derived frun this TRS was
increased by 1.2 (as suggested by INL) to account for the adjun,Li=:nt
between 3% ard 2% danping spectra. 'Ihe median ASA capacity S was then
derived frun the HCIPF ASA capacity bf an==hg the same variabilities
as those for the ZPA capacity, usually = 0.09 ard S " * *r u

,

9

i
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-2.1 Descriptice of Equimarit

me dBOVAC motor control center is a Westinghouse Type W housing the
following typical devices: starters, breakers, relays, transfonners,
and indicatirq lights. A typical plant installation ("line up")
cxmprises~neveral (usually two to eight) vertical columns bolted
together side-by-side. Eada column conprises modular draw-out units '

,

(also called '' buckets" or " unit wrappers") housing ocunbination motor -

controllers or faadar breakers. Electrical bussing is provided hori-
zontally between columns and vertically between draw-cut units.

Each cmbination motor controller consists of a molded-case magnetic-
only circuit breaker, contactor and overcurrent relay. Feoder breakers
are simply molded-case thermal-magnetic circuit breakers. Each column-
is typically about 20"x20" in plan by about 90 inches tall, ard weighs
about 500 pounds (Ref. 7).

Se structural framework for each column is typically made of forwd
steel channels. We sub-frames for the front and rear of each struc-

b turu are welded. %ese sub-frames are then bolted to the lorgitudinal
L members to form the ocuplete frame which is rigid and self-supporting.
| Side, back and roof sheets are mounted with screw fasteners for quick

,

i ard easy removal when desired. All doors are typically 14-gauge steel
with a 1/2-inch flange to provide a secure enclosure for all openings.
Doors mounted on removable pin hinges are typically provided on all
unit compartments, vertical wireways, top horizontal wireways, and
bottom horizontal wireways. %e unit pan forms the top barrier of each '

unit space. - In conjunction with the draw-cut unit this provides
isolation between adjacent units and wireways. Se guide rails are an
integral part of this pan and provide precise alignment of the unit
stabs on the vertical bus.

2.2 Safety Function

me MCC must provide power on demand for engineered safety features
equipnent. The major loads are electric motor operated and ventilation
fans. In order to acconplish this function feeder breakers must remain
closed, contactors must close on demand and remain closed, and overload
relays must not spuriously operate to interrupt power inadvertently.
In the event of an earthquake the MCC must be capable of performing the
prescribed safety functions during ard after the earthquake.

2.3 Seismic Failure Modes |

According to the dynamic test qualification data, structural failure is
not the prevailing mode of failure of the MCC durirg seismic events so
long as the MCC is properly anchored at the base with bolts and, in
particular, braced at the top in the front-to-back (F-B) direction.
Note that because the cabinets in a typical line-up are bolted to each
other in the side-to-side (S-S) direction, an MCC is by nature stiffer
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and more stable in the S-S direction of the line-up; meequently, top
bracing in this direction does not materially enhance the structural
capability of the MCC. We therefore rank the vulnerability of the POC
to seismic events in the follcwing desciualing order:-

(1) Nnctional- failure,due to chattering .of relay. contacts, especially
for those which are normally closed (NC) and in the de-energized
state.

(2) nanctional failure due to chattering of relay contacts resulting
frun eynaamive F-B movements of the draw-cut units in the

ocmunercial standard Type W motor control center. mis potential
failure mode was identified during the dynamic gaalification tests
of the Diablo Canyon MCC, and the probability of its occurrence
was minimized by installing acklitional F-B seismic holddwns:(also
referred to as " seismic clips") at both sides of every draw-out

i. unit. Details of the seismic clips will be describad later when
discussing the modification of the MCC for the purpose of seismic
qualification.

(3) Structural failure of the base anchor due to F-B motion of the
cabinet. Failure of the base anchor due to S-S motion is nuch
less likely because of the typical line-up installation of the
nultiple cabinets in the MCC in actual applications. In the case
of Diablo Canyon, the likelihood of such structural failure of the
base anchors is greatly minimized by top-bracing the end columns
of each MCC line-up in the F-B direction.

2.4 lbdifications to Iterove Seismic Performance

As previously mentioned durirg the discussion of the seismic failure
modes, one major structural modification to the MCC is to install a
seismic bracket to both sides of each draw-out unit. We nodification
prevents the excessive F-B movements of the draw-out units that at
first caused chattering of the NC relay contacts even during the OBE-
level dynamic tests. As shown in Fig. 2.1, the modification consists
of a bracket installed at the front corner of the draw-out unit and
tied to the rear corner steel channel of the column frame by an angle
fastening rod (Ref. 7) . 'Ihis modification was applied to every MCC
draw-out unit in the Diablo Canyon plant.

|

To further enhance seismic performance, the columns at both ends of
L each MCC line-up in the plant have been top-braced in the F-B direc-
| tion. A steel channel runnirg in the S-S direction has been welded to

the tops of all columns within a line-up so that all columns between,

|i the two end ones also benefit fram the top bracing installed at the end
cabinets. Such bracing of the MO: at the top greatly increases its
structural rigidity for seismic vibrations in the F-B direction.

| 2-2
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2.5 seismic._ggelifientian

'Ibe seismic qualification of the MCC was acocmplished by subjecting one
typical column to a series of biaxial randca motion dynamic tests on a
shake table. Randczn motions simulated the required response spevkon
specified at the base of the MCC, frun the OBE to the SSE levels.
Figure 2.2 shows the test setup for the single vertical column uMer
consideration. 'Ihe base of the structural frame was bolted to a 1-inch
steel plate which was in turn welded to the top of the test table. 'Ihe
top of the column was bolted to the top of a rigid steel bracing frame
at both sides of the cabinet. 'Ihis bracing support at the top of the-
column sinalated not only the F-B bracing at the top of the MCC line-up
in the plant, but also the S-S structural support frun the neighboring '

cabinets that would be present in a typical line-up of the MOC in the
plant. A pair of horizontal aM vertical acceleruneters was mounted on
the shake table to monitor the input test motions. Another pair of
accelermeters was mounted on the front face of one of the draw-out
units located at a height of about one-third the total column height,

'. frun the base as shown in Fig. 2.2. 'Ihe purpose of these two accel-
! erometers was to monitor the response of the draw-out unit, which we

denote as the " bucket response".

Figures 2.3(a), 2.4 aM 2.5 are photographs of the actual setup for the
F-B and vertical (X-Y) tests, the S-S and vertical (Z-Y) tests, and the
mounting of the bucket response accelerometers on the front face of the
Size 5 controller. During the initial tests of the MCC, a fan cooler
starter controller was mounted on the same test table and tested
concurrently with the MCC for the sake of convenience in qualifying the
fan cooler starter controller (see Figs. 2.3(a) and 2.4) . It was later
removed when the MCC was retested after addition of the seismic clips
to the draw-out units. 'Ihe overall test program prmauw as described
in the following sub-sectionn. !

2.5.1 Initial Tests

*During the initial dynamic tests, one each of NIMA Sizes 2, 3, 4 aM S
starters and two 100-anp feeder breakers were mounted in the column.
No structural modification was applied to the column, in other words,
the MCC columa was initially tested in its standard ocenercial config-
uration. 'Ihe column was subjected to a series of biaxial randczn motion
tests simulating the OBE and SSE levels of required base motions. 'Ihe
accelercxneters monitoring the MCC bucket responses were nounted on the ;

Size 5 starter. Test runs in the F-B and vertical (X-Y) axes were -|
first made, in the following order: '

(1) 'Ihree OBE runs with the devices de-energized, and then two nrare
OBE Iuns with the devices energized. j

|

|

*
National Electrical Manufacturers Association
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(2) Four SSE rurds with the devices energized. In the first two SSE
runs, however, the test table motion was only about the OBE level
and did not reach the full SSE level.

'.(3) One SSE run with the devices de-energized.

(4)' one additional OBE run with the devices de-energized.

(5)- One acklitional SSE run with the devices de-energized.

%e S-S and vertical (Z-Y) direction runs were then conducted, in the.

following order:

(1) Wree OBE runs with the devices de-energized, and then two OBE
runs with the devices energized.

(2) - Two SSE runs with the devices energized, and one SSE tun with the
devices de-energized.

%e average ZPA of the test table was about 1.2g aM 0.8g for the
horizontal and vertical directions, respectively, for the OBE runs.
%e corresponding ZPA of the test table was about 1.79 and 1.lg for the
SSE runs. Figure 2.6 shows the 3% danping TRS (Test Response Spectrum)
and the 3% danping bucket response spectrum at the Size 5 starter in
the F-B (X-) direction during the sixth X-Y axis run at the SSE level.
Figure 2.7 shows the conasposiing siAbom emparison for the 3% danp-
ing vertical wku during the same X-Y direction SSE run. Similarly,
Figs. 2.8 to 2.9 show the spectrum comparison for the third SSE level
run in the S-S and vertical (Z-Y) directions. Figures 2.6 to 2.9 show
that the first mode horizontal frequercy of the bucket containing the
Size 5 starter was about 12 Hz and 9 Hz, respectively, for vibration in
the F-B (X-) and S-S (Z-) axes, and the first vertical made frequency
was substantially higher than 30 Hz. We fundamental mode frequencies
sc, identified frun the SSE level test response spectra were consistent
with those identified from the low level resonance search tests in
which the test table ZPA was 0.2g. W is observation suggests that the
dynamic response characteristics of the MCC buckets are essentially
linear for test table ZPAs ranging from the low 0.2g to the SSE level.

No relay chatter was observed for all the S-S and vertical (Z-Y) axes
tests, at both the OBE and SSE levels. During tests in the F-B and
vertical (X-Y) axes, however, excessive F-B movements of the draw-out
units were observed.

One NC contact in the Size 4 controller chattered durirq the fifth SSE
test with the devims de-energized. Another NC contact in the Size 2
wubuller chattered during the third and fourth SSE runs while the
devices were energized, and again during the sixth SSE run uten the
devices were de-energized. In acklition, a NC contactor on the Size 5
wubuller chattered whenever the devices were de-energized, during
both the OBE aM SSE level tests. Because all starters have horizon-
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tally operatinJ armatures it was believed that the relay chattering 5
during the X-Y tests was caused by the excessive F-B movsimits of the
draw-cut units and that the seismic performance of the relays oculd be
somehow inproved with the installation of seismic clips to both sides
of each draw-cut unit. In addition, it was determined that a defective
spring in the Size 5 starter was the cause for the e.yrmaive chattering
of the de-energized relay contacts during both the OBE and SSE levels
of test and it should be replaced (3,8).

2.5.2 Retests After structural Modification
,

After the seismic clips were installed to inprove the rigidity of the
draw-cut units and the defective spring in the Size 5 starter was
replaced, the MCC was tested again with the same devices and test setup '

as shown in Fig. 2.3(b). 'Ihe fan cooler motor controller,. which was
concurrently tested with the MCC during the initial tests, was now

'Ihe seque.re in the initial tests was essentially repeatedremoved. '

here, and the same test table ZPA's as those used in the initial tests
for both the OBE and SSE levels were also duplicated in the retests.
For runs in the F-B aM vertical (X-Y) axes the order was as follows:

'

(1) 'Ihree OBE runs and one SSE run with the cievices de-energized.
\

(2) _'IVo OBE and two SSE runs with the devices energized.

'Ihe runs in the S-S and vertical (Z-Y) axes were then conducted as
follows:

(1) 'Ihree OBE runs with devices de-energized, aM then two OBE runs
with the devloes energized.

(2) Two SSE runs with the devices energized, and then one SSE Iun with
the devices de-energized. '

Figures 2.10 and 2.11 show a comparison of the TRS ard the bucket
response spectrum at the Size 5 starter in the X- and Y-direction
during the X-Y axes runs. Similarly, Figs. 2.12 to 2.13 show the j

spectrum comparison in the Z- and Y-direction during the Z-Y axes
run3. Ctsnparing Figs. 2.10 to 2.13 to the corresponding spectra
previously shown in Figs. 2.6 to 2.9 suggests that the addition of the
seismic brackets to the buckets did not :naterially change the dynamic
characteristics of the bt.cket response except at the very high
frequency range for which the structural nodification appeared to
produce scznewhat higher response. Both series of tests indicated that
the Size 5 starter significantly amplified the high frequency contents
of the test table motions in all three axes.
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We Size 2' to 5 starters and the' two faadar breakers were then renoved
frun the vertical colunn. Wree Size 1 reversing controllers,' used
for motorwted valves, were mounted to the vertical column aM the
tests continued. We tucket response of one of the Size 1 starters was
now monitored. In both the X-Y and Z-Y axes runs, the sequence was asr
follows:

(1) Ihrte OBE runs with the devices de-energized.

(2) One OBE run, energizing all " forward" contactors, and then another
- OBE tun, energizing all " reverse" contactors,-

m
'

(3)- One OBE run, energizing the " reverse" contactors, and then another
SSE run with the devices de-energized.

(4) One SSE run, energizing both the " forward" and " reverse" contac-
tors three times each to shnulate operating conditions.

Figures 2.14 to 2.17 show the 3% danping TRS and the spectrum for this
buckt;t response motion on the Size 1 controller for the third SSE level -

run in both the X-Y and Z-Y axes (8). Fran these figures it can be
se'.:n that the Size 1 controller responded like a rigid body in both
che vertical and horizontal directions, except for certain anplifica- |

' tion at the high frequency range (exceeding 30 Hz) in the horizontal
response.

No chattering was observed during the tests of the !KX: with the three
Size 1 car. trollers. For runs including the Size 2 to 5 controllers and-
the two feeder breakers, a'few anamalies were observed but were
determined not to affect the safety function of the equipnent for the
following reasons (3,7]:

(1) During the first X-Y axes SSE run, one normally-open (NO) and one
NC auxiliary contact on the Size 4 controller chattered at the
2 msec threshold. Circuit analysis determined that the auxiliary
contacts are used only for control roam indicator lights and the ;
chatter could at most result in momentary flickering of these
lights. Momentary actuation of indicating lights during a seismic
shaking, with the contacts and indicatirg lights returning toj proper status on cessation of the seismic motion, was judged to -

have no unacceptable impact on plant safety.

(2) During the second X-Y axes SSE run, one NC contact chattered with
the Size 2 reversing controller de-energized. Se effect of this
chatter has been analyzed and determined to present no degradation
of any safety function. W e reason for this conclusion is that,

all safeguanis initiation signals are scaled-in until manually'

L reset. Werefore, if the NC contact chattered and uomentarily
caused a notor-operated valve to stop for a small fraction of a
second, it would immediately resume travel as directed by the
safeguards initiation signal.

| 2-6
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h above analyses confirmed that the MCC column perfonned its required
safety function during the retests although two anmalies were

,

detected.

Fran the previous ai = == ions of the test results we can qualitatively
sumarize the seismic response characteristics of the MFC vertical ,

colum as follows:

e 'Ibe structural frams of the MCC column is essentially rigid, with,

the vertical natural frequency substantially evn= ding 50 Hz and i
the horizontal natural frequency exceeding 30 Hz.

'Ibe dynamic characteristics of the structural frame is about the'

same in both horizontal directions due to the square plan 3

dimension aM the two-dimensional bracirg'at the top of the
vertical colum.

e Based on the bucket response spectrum, the draw-out unit with
Size 1 starter exhibited essentially rigid behavior in both the
vertical and horizontal axes, with sme anplification of the
horizontal motion for frequencies evnmaing 30 Hz. 'Ibe draw-out
unit with the Size 5 starter had a fundamental frequency of about
12 and 9 Hz in the F-B (X-) and S-S (Z-) axes, respectively, and a
fundamental frequency exceedirg 50 Hz in the vertical axis. In i

any case, significant anplification of the high frequency motion
,

was nherved in all three axes,

e 'Ihe bucket response characteristics are essentially linear with
the level of the test table ZPA, up to at least about 1.7g in the
horizontal direction.

2.6 Seismic capability

Based on the test results dimed previously, we estimated the .

'minimum seismic capability of the MCC column as follows:
V

. (y)g - A base motion ZPA equal to 1.lg because the vertical fre-
quency of the MCC column exceeds at least 50 Hz and the MCC
may be practically considered to be rigid in the vertical
direction. 'Ihis base notion ZPA capability is applicable to
the MCC both with and without addirg the seismic clips to
the draw-out units, based on the observation that this
structural modification only enhanced the seismic
performance of the devices for vibrations in the F-B (X-)
direction. 'Ibe fact that no relay chatterirg was ever
detected in anyone run in the Z-Y axes, whether or not the
seismic clips were added, further confirms the validity of
the previous conclusion.
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(g)g - _ A respimis spectrum for the base motion that has a ZPA of

1.7g, because the devices may have a horizontal fngency as
, low as 9 to 12 Hz. Se irlanlized minimum capability spec-
L' trum for a 3% danping is shown in Fig. 2.18. It represents ' i

the idealized mean TRS based on the upper arxi lower bound!
'

TRS. envelopes for all the SSE level qualification tests, as ,

shown in Fig; 2.19. his mininum horizontal ZPA capacity of>o

| 1.7g is for the MCC with the addition of the seismic clips. t

:

..|!. For the ccanercial standard MCC vertical column, i.e'. with-
aut the addition of the seismic clips to the draw-out units, '|
the minhnum horizontal seismic capability may be inferred 2

fran the results of the initial tests. During the initial
tests in the X-Y axes, eynaamive F-B movements of the draw-

y

out units and chattering of the NC contactors were noted'in i

the SSE runs, but no chatterity was ever detected in the OBE
runs except for the Size 5 controller with the defective 'I
spring. Sus we judge that the mininum horizontal base ZPA Icapability of the MCC column would lie between the OBE and
the SSE test table ZPA, i.e. between 1.2g and 1.7g. To
estimate the minimum ZPA capability we will assume that the
SSE test ZPA of 1.7g corresponds to a 50% probability of

| failure at a 95% confidence limit. With randcnn variability .

a==ael to be g[ w= 0.09 (hacarl on the nhnervations dimmANI
-

in Section 1.5) e back calculate the ZPA corresp 611rg to j
a 5% probability of failure at the same 95% confidence limit 1

- to be 1.4g. This is our estimated minimum horizontal'ZPA- I
capability for the catnercial standard MCC vertical column.
W e minimum capability spectrum associated with the 1.4g ZPA
is equal to 1.4/1.7 = 0.85 times the horizontal capability
spectrum for the structurally modified MCC column that is
shown in Fig. 2.18.

To estimate the fragility of the MCC vertical column, we use the same
~

assunptiu previously adopted for the plant-specific fragility
evaluation of the other Diablo Canyon plant electrical cuwwRs (2).L

N only exception is that the fragility descriptor will be represented
by both the ZPA arti ASA of the base motion for the ccmponent where, as

i- previously mentioned in Section 1, the ASA is the average spectrum
acceleration for 2% damping and fran 4 to 16 Hz. h a==ntions for
the current fragility evaluation are, therefore:s

(1) h base motion for the MCC may be adequately represented by
either the ZPA or the ASA. Since the TRS is associated with a 3%

| damping,. the ASA is determined by first averaging the TRS frcu 4
to 16 Hz and then increasing the average TRS by a factor of 1.2.

. h factor 1.2 was suggested by INL to account for the increase in
| average spectrum acceleration with damping decreasirg fran 3% to

2% (see Ref. 6).
|,.

|
'

.

!

2-8

-.- . _. . . _ ~ _ . _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _ - _ _ _ _ _ - - . _ .



._

!
;

,

(2)~ 'Ihe minimum aaknic capability, expressed by either the ZPA or ASA
of the base motion, is associated with a maxinum failure probabil-
ity of 5% with a 95% confidence. 'Ihis is the HCTF base ZPA or

'

.ASA.
|
1(3) 'Ihe probability distribution of the fragility is log-normal aM ;".

the associated nMaling uncertainty and randan variability is 1

# -= 0.18 and = 0.09, respectively, for both the ZPA and ASA,
aYthough the vafiability for ASA is expected to be higher than
that for the ZPA

E (4) h horizontal ASA fragilities of both the camarcial standard and
|T structurally modified motor control centers are proportional to

the coausponiing ZPA fragilities, with the same proportional
, factor.
|-

Consistent with these amn=tions, our estimate of the median seismic
capability and the pertinent variability is shown in Table 2.1, in

| - which A'and S denote the median ZPA and ASA fragility, respectively.
1

. \
| Figures 2.20(a) .and 2.20(b) show the horizontal seismic fragility for
1- the ommercial staMard and structurally enhanced MCC columns,
| respectively, the fragility of the former being about 0.85 times that
I of the latter.

h vertical seismic fragility is the same for both the comercial
standard and modified MCC columns, as shown in Fig. 2.21. The ratio of
the ASA'to ZPA capacity is about 3.5 and 2.4 for the horizontal and-
vertical direction, respectively.

.

2.7 Cosmarison with M00 hustration Tests

In its Ihase I demonstration test program, LINL conducted a fragility
evaluation for a three-column Westinghouse Five-Star motor control
center [1]. 'lhe configuration of a Five-Star MCC vertical column is
very similar to that of the Type W MCC vertical column considered in
the Diablo Canyon qualification tests. Various anchoring conditions
were considered in the IINL tests of the Five-Star MCC, including the
one in which each vertical column was anchored at the base with 4 bolts
and braced at the top. Relays of both the reed aM armature types,
fIun various manufacturers, and Westinghouse starters of Sizes 2 (both
reversing and non-reversing), 3 and 4 were devices nounted on the MCC.
A total of 56 runs were performed, 43 of which were blaxial random
motion test (vertical plus one horizontal axis). h shaker table
.ZPA's ranged frun about 0.9g to 2.5g, and in those biaxial tests the
vertical TRS was essentially identical to the horizontal TRS. Chatter
of contacts was monitored during each test, and functional failure was
defined at the first sign of a contact chattering.

2-9
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_2e1tcp4a asd oczanarc al standard MCC of t e Type W may be ocupared toi h '

the top-braced Five-Star MCC that was used in the LINL deiiumbation
tests.; h e correlation in the seismic fragility between the two motor
control centers may be sumarized in the following:

With the top bracing, no structural *=ga was ever nhaarved(1) .s

during the dema httion tests of the Five-Star MCC and'during the
qualification tests of the Type W MCC while chatter of the
contacts was detected in both series of tests. 21s result
verified our jtspwinital ranking of the seismic failure modes for '
the MCC, namely, functional failure is the prevailing mode' of
aaiamic failure.

(2) Both the qualification tests of the Type W MCC ard the deirs=La-
tion tests of the Five-Star MCC consistently showed that the motor
control centers are'more vulnerable to F-B motions than to S-S ard
vertical motions. mus the horizontal seismic capacity of the MCC
is governed by its capacity for F-B vibrations.

(3) Se LINL d=aidenation tests for the top-braced MCC were conducted
at five levels of shaker table ZPA, i.e. 1.0, 1.3, 1.4,.1.0, and

2.lg. On the basis of the shaker table ZPA at which contact
chatter was detected, the horizontal (F-B) seismic capacities of -!

the Size 2 to Size 4 starters may be ranked in the following
descending order: (a) Size 3 starter: no contact chatter nevwred
at any of the five test table ZPA levels, (b) Size 4 starter:
chatter of contact was detected at the shaker table ZPA of 1.8g
and higher, (c) Size 2 starter: chatter occurred at a shaker table
ZPA of 1.3g and higher. We same ranking applies to the Size-2 to
Size 4 starters mounted on the ccanercial standard Type W MCC,
based on results from the qualification tests. For the F-B tests, ,

none of these stn.ters experienced contact chattering during all
OBE level runs phaker table ZPA = 1.2g) and the first two SSE
level runs (shaker table ZPA was only 1.lg and did not reach the

~

,

full SSE level); in the remaining four SSE level runs (shaker
table ZPA = 1.7g), the Size 3 starters did not chatter, the Size 4 ,

starters experienced contact ~ chattering during one run, ard the
Size 2 starters experienced contact chattering during three runs.
Sus, as far as the Size 2 to 4 starters are concerned, the ,

'

consistency in seismic perforrance between the two top-braced
ccanmercial standard motor control centers may be concluded as
follows:

Ranking of the seismic capacity of the MCC-mounted starter, ine
terms of the MCC base ZPA and in descerding order, is Size 3,
4, and 2.

At a base ZPA of 1.8g and higher for the Five-Star MCC, bothe
the Size 2 and 4 starters chattered while the Size 3 starters
did.not. W e same performance was observed for the Size 2 to
4 starters on the Type W MCC at a base ZPA of 1.7g.

2-10
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(4) - For the Five-Star' MCC, the results frm the dcaiw=kation tests
showed that the ratio of the median to HCLPF seismic capacity is
ecsentially the same for both the relays and starters,.being about 7

- 1.56 (see Table 5-1, Ref. 1). 'Ihis is consistent with the
couwsperding ratio we adopted in tha fragility evaluation of the
Type W MCC, being about 1.56 based on the aamunad variabilities of j- -

= 0.18 and = 0.09. In other words, the Canid =Lation test'

oY the MCC confirmed the reasonableness of the median-to-HCIPF
capacity ratio we acennad' for the Type W MOC. In addition, the-

- hid=bation tests established that the derived fr a the test
data was typically 2 to 3 times the # , whYdi confirmed the
reasonableness of the values of gu Or we d ed for the -

Type W MCC.

.(5): According to Item-(3) above, test results for both the Five-Star d

and Type W MCC consistently showed that Size 2 starters governed
the minimum seismic capacity of the MOC. According to Ref. 1, the
d==id=Lation tests estimated the capacity of the MOC-mounted ,

Size 2 ste.rters, in terns of the local device ZPA, to be 2.5g and 1

3.9g for the HCLPF and median level, respectively. Based on the
test data, an average anplification factor for ZPA frm the MCC 3

base to the device locations may be taken to be 2.1. 'Ihus the :
horizontal seismic capacity of the Five-Star MCC, in terms of ZPA .I
at its base, may be du b'ad from the local device ZPA capacity of
the Size 2 starters to be: 2.5g/2.1 = 1.2g for HCLPF capacity; and
3.9g/2.1 = 1.9g for median capacity. For the cmmercial standard
Type W MCC the con ==rgding base ZPA capacities were previously
estimated to be 1.4g and 2.3g, respectively, which are 20% higher
than those for.the Five-Star MOC estimated above. Such'a discrep- ;

ancy is expected because of the difference in the criteria for |
failure. For the Five-Star MCC, the first sign of a contact !

chatter was defined an a functional failure whereas for the Type W
MCC the chatter of a contact was not considered a functional

j|failure if, through circuit analysis, the chatter did not inpair
the required safety function of the controlled load. 'Ihese
different bases for definirg functional " failure" will be referred '

' to as failure criteria (2) and (1), respectively, in anhauluent
d % maions. 'Ihat is, the more conservative failure criterion (2)
was used in the fragility study of the Five-Star MCC while failure q

criterion '(1) has been consistently adopted in our fragility
evaluation of the electrical unyciwnts installed in the Diablo ,

Canyon Nuclear Plant. Becall that the capacity for the camercial !

standard Type W MCC was estimated on the basis of our judgmental
assumption that the 1.7g ZPA on the TRS corresponds to a median--

capacity associated with the 95% confidence level. 'Ihe seismic,
capacity would have been lower had we based our evaluation on
failure criterion (2) ard simply taken the 1.2g ZPA on the TRS for
the oBE level qualification tests to be the HCLPF capacity, thus

.b giving a 1.9g median capacity. 'Ihis exanple illustrates that when
the more conservative failure criterion (2) was used as the
evaluation basis the seismic capacity of the Type W MCC would be
essentially equal to that of the Five-Star MCC based on the same

2-11
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failure criterion (2). ~ 'Ihus, we conclude that the horizontal
seimic capacities of the two top-braced motor control centers am -,

consistent with each other, the difference being due to the use of
'a different criterion of functional failure.<

'

Table 2.2- sumarizes the canparison of the horizontal seismic capaci--
ties between the two t W oed MCC columns. For the Type W M3:, the

~

;

fragilities h=1 on both failure criteria are listed. 'ihe capacity
urder failure criterion (1) was presented in Section 2.6, and the
capacity under failure criterion (2) was estimated in Item (5) above.
'Ihe ASA capacity for failure criterion (2) was estimated a===ing the
same ASA/ZPA capacity ratio as that for failure criterion (1), i.e. 3.5
for the horizontal axis. For the Five-Star MCC, the ASA capacity is
equal to the average 5% danping ' IRS estimated fran Ref.1, increased by
a factor of 1.35 to account for the adjustment in ASA for danping.
decreasing frun 5% to 2% (see Ref. 6) .

'Ihe correlation in the dynamic response characteristics between the
Five-Star and Type W motor control nters, each with top bracing, is
diecea3 in the following:

(1) Accordirg to Table 4-1 frcrt Ref.1, the resonance frequency of the,

top-braced Five-Star MCC was about 12 Hz in the F-B axis, ard it 1

contained Size 2 to Size 4 starters. For the top-braced Type W
MCC, which contained Sizes 2 to 5 starters, the F-B resonance
frequency was about 11 to 12 Hz also. '

For the Type W MCC containing only the three Size 1 starters the4

F-B resonance frequency evra dad 30 F.z, which was expected because
the Size 1. starter is much lighter than the larger size starters.
Frm the previous observations we conclude that the F-B resonance
frequency of both top-braced motor control' centers would be around
11 to 12 Hz when they contain starters of Size 2 or larger, and
would be higher than 12 Hz when they contain fewer or only size 1
starters.

- A discussion for the correlation in the S-S resonance frequency is
not feasible .ince Ref.1 did not provide this information for the
Five-Star MOC. However, we believe, by julpents, that a
conclusion similar to that for the F-B axis is also reasonable for
the S-S frequency.

Regardiry the local resonance frequency for the draw-out units
(i.e. the bucket frequency), Jt is not identifiable fran the test
results for both top-braced mtcr control centers. Our
observation is that the bucket frequency is very high, exceeding
30 Hz.

(2) 'Ihe LINL demnotration tests showed that the addition of the
mounting screws to the draw-out units did not materially improve
the seismic performance of the MCC so far as contact chattering is
concerned, nor modified the dynamic response of the MOC. For the

.
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seismiu qualification test of the Type W MCC, the addition of the i

animmic clips to the draw-out units did not materially modify the
dynamic response characteristics, either, although it reduced the ;

e f mt of contact chattering to to an acceptable limit. This.

suggests that the occurrence of chatter depends more on the
intensity of motion than on the frequency response of the contact
eleinant.

2.8 _Omparison with ENL Study of MDC Fracrility

Table 3.2 of Bef. 6 presents the results of the BE study of generic
horizontal seismic fragility of motor control oernters fran five
different manufacturers that are m - way installed in nuclear plants. |

The fragility, exprmaai in both ZPA and ASA, is based on failure
criterion (2), i.e. occurrence of contact chatter is defined as a .

failure. 'No methods were used in the statistical analysis of the test
data. Method (i) is the method of monents, and Method (2) is the
nethod of navh ma likelihocd. The two methods qu'a results that were
not significantly different frua each other. Tnoy are listed in
Table 2.1 for cartparison with the acrrusponctirg aeimic fragilities c,f
the Type W 10C. The costparisen is discussed in tta foucuing: -

(1) Regartiirg the variability, the DE results sw3 gest that our ,

a== 4 value of E = 0.18 and # = 0.09 appears to oc reasonable i

for the ZPA capacik but smewnaE underestanated for the Asa
capacity. This, of course, is anticipated because our current
study is for one plant-speific MCC column only.

(2) Regarding the ZPA capacity, the BE result is about one-half and '

two-thirds of the value we estimated for the Type W MCC under
failure criteria (1) and (2), respectively. Note that the basis
for the fragility study by BE couwspwded to failure
criterion (2). Regardits the ASA capacity, the B E result is
about one-third and one-half of the corir.spordirg ASA capacity we -

estimated for the Type W MCC under failure criteria (1) and (2),
respectively. Again, such difference in the estimated capacity is
anticipated because our current study was for only one top-braced
Type W MCC column while the NE study was for freestanding columns
fran several manufacturers.

In stamary, the autome of the above comparison between the BE generic
horizantal fragility for free-standing motor control centers and the
plant-specific horizontal fragility for the tcp-braced Type W MCC is
anticipated. As previously di-=M in Item (1), the variability we
a==d in our evaluatlon of the Type W MCC is somewhat lower than the
corruspording result frun the BE study. 7b examine the sensitivity of
the median capacity to the value of the variability, we rc6 the
median capacity for the Type W MOC based on our previously estimated '

HCIPF horizontal capacity and on the variability from the B E study.
The results are shown in Table 2.3. The larger variability produced a
median capacity that is higher than the correspondirg one in Table 2.2,

2-13
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of the nadian to tha h capacity is proportional to the variability. ,
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Table 2.1 Seismic fragility for the Westirghause h'pe W motor

control center (sirgle column),

lStardard ccanercjal 2t

Canfiguration 13y gfgg

X s X n

Horizontal-(g)3 2.3 8.0 2.6 9.1

h, verticai (g)3 1.7 4.1 1.7 4.1

g. 0.38 0,18

0.09 0.09
7 i

_ -. - '

tiotes:

1. Standant camercial configuration, top braenrj added.

2. Seismic clips addel to draw-cr.It units.
v

3. A = median capacity based on ZPA

N = median capacity based on ASA

2-15
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Table 2.2 ctmparison of horizontal seismic fragility for various ;

motor control centers. '

Type W Five-Star Generic
(Current Study) (12RL Tests) (INL Study)

;

'

1 Criterion (1) Criterion (2) Criterion (2)te n

'Ibp hracing? Yes Yes Yes Ye3 No !

Seismic clips? Yes No No No No
,

-
-

2 3 6
Ag (HCIPF,g) 1.7 1.4 1.2 1.2 g,g 0.8

v -

(median,g) 2.6 2.3 1.9 1.9 1.3 1.3

gu 0.18 0.18 0.18 0.21 0.18 0.24

pr 0.09 0.09 0.09 0.06 0.10 0.09

4 5
Sg (HCLPF,g) 6.0 5.1 4.2 4.7 y,7 1,7

4 5
SH (median,g) 9.1 8.0 6.4 7.4 2.9 3.1

f 0.18 0.18 0.18 ya 0.25 0.31u

0.09 0.09 0.09 Wa 0.06 0.06r

SgAg 3.5 3.5 3.5 3.9 2.1 2.1

v v
S IA 3.5 3.5 3.5 3.9 2.2 2.4H H ,

Notes:

1. Criterion (1): Contact chatter not considered as " failure" if
cituilt analysis shows that the safety function is not impaired.

Criterion (2): Contact chatter is defined a failure.

2. ZPA of the OIE level TRS taken to be the HCLPF ZPA for failure
criterion (2).

(continued on next page)
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Table 2.2 (cont.) Ctmparison of horizontal seisrrde fragility for ;

various motor control centers. ;
,

Notes (cont.):

3. MOC base ZPA fragility is the ZPA fragility at the starter
nounting location divided by an estimated amplification i

factor of 2.1.
'

.

4. Based on the same S to A ratio (3.5) as for failure criterion (1).>-

5. Based on the averaged 5% danping TRS as increased by 1.35 to :
account for the adjustent fr:xn 5% to 2% danping ASA. t

6. Statistical analysis by method of mamnts (see Ref. 6) .

7. Statistical analysis by method of maximum likelihood (see Ref. 6). *

,

4

%

b

D
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Y Table 2.3 Horizontal median capacity of Type W MCC r+>- g-ated based
cn variability fmn ENL study.

1Failum Criterion (1) (2) (2) ;

Seismic clips? Yes No No i

g (HCLPF,g)2 1.7 1.4 1.2A

3Method (1) (2) (1) (2) (1) (2)
__

.gu 0.18 0.24 0.18 0.24 0.18 0.24

S 0.10 0.09 0.10 0.09 0.10 0.09 ,

r
v '

AH (merlian,g) 2.7 2.9 2.2 2.4 1.9 2.1

Sg (HCIPF,g) 6.0 5.1 4.2 *

Method (1) (2) (1) (2) (1) (2)
.

# 0.25 0.31 0.25 0.31 0.25 0.31

gr 0.06 0.06 0.06 0.06 0.06 0.06
v
H (median,g) 10.3 11.0 8.8 9.4 7.2 7.7

'

S

Notes:

1. Criterion (1): Contact chatter not considered as "failum" if
circuit analysis shoes that the safety function is not impaired.

Criterion (2): Contact chatter is defined a failure.

fragility based on ZPA2. A =

fragility based on ASAS =

3. Method (1): statistical analysis by method of manents

Method (2): statistical analysis by maximum likelihood method
.
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Fig. 2.1. Plan view of the seismic clips for the MCC draw-out units.

2-19

- - , ,,,--,e--. r, - - - , - . . , , - - - - ---------,w - - - - - ----- - - - --



.-- , ~ . . - . _ . .. -. - . . --

!

!

I

!
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,
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Accelerometer 6

/ Location on MCC

3

,

6

-

CABINET BASE
~ BOLTED TO TEST )_

0 TABLE-

// / // //l't // j'l//////h/
''

f/ j' Test Machine
f, // !/, Test Machine, / /

'

(a) Front View (b) Side View

Fig. 2.2 Test setup for the MCC sirgle vertical column, shwing the
nountirg of the cabinet arrl bucket response accelerumeters.
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3. FAN 000MR N:FICR 00EG90LM R

3.1 pescription of Equipannt

%e fan cooler motor controller (IUC) is a two-speed circuit breaker
type ocanbination motor controller. 'Ibe atmplete controller is an
integral part of the vital load center in the Diablo canyon-nuclear
power plant as described in Section 10.3.25 of Ref. 3. 'Ibe high- and
low-speed contactors are of NDR Size 6 arx1 Size 5, respectively. In
the plant the devices are mounted in full-height sections of the vital
load center. 'Ibere are a total of five controllers, two on-Bus F, two

en Bus G, and cme on Bus H.

3.2 Safety Function

'Ihe safety function of the controller is to control the flow of power
to the reactor containment fan cooler motors. Upon receiving a Safety
Injection Signal (SIS), all fans are to run at low speed. 'Ihat is,
upon the SIS, the FOIC should be able to switch all operating fans frun i

the high- to the low speed, and to start non-operating fans to run at
low speed as well. 'Ib achieve such required function during and after
an earthq- '- the circuit breaker must be capable of reraaining closed,
the low-st, xotroller umst be capable of closing and stayirg closed
for 15 to 2d a. cords after receiving the SIS, arxi the time-delay relay i
must be capable of picking up and timing out.

3.3 Seismic Failure Modes

In accordance with the dynamic test gaalification data shown in
Refs. 3, 7, and 8, the devices were typically rigidly mounted on the
rigid supporting steel frame during the tests to simulate the in-plant'
mounting at the vital load center, and the structural failure mode is
less likely than the functional failure mode during earthquakes. Our
ranking of the seismic failure modes is as follows:

(1) Spurious chatter of the high-speed contactors (NDR Size 6) While
the fan cooler motors are running at low speed upon the initiation
of the SIS. An inadvertent closirg of the high-speed contactors
while the motors are running ca low ripeed could damage the motor
and hence caused a functional failure; this is the reason

mechanical interlocks were installed on the controllers in order I

to enhance their seismic performance. |

(2) Inadvertent opening of the circuit breaker during and after the
earthquakes.

(3) Inadvertent opening of the low-speed controller after receiving an
SIS.

(4) Failur9 of the time-delay relay in picking up arx1 timirg out.

(5) Structural failure in the device or in its nounting.

3-1
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3.4 Modifications to Improve Beismic Performanos

According to the test results, contact chatter was observed only in the
controller fr m Unit 2 because it is mechanically different fr m that
from Unit 1.- 7b assure uniform operating characteristics, however,
mechanical interlocks have been installed on all Unit 1 and Unit 2 fan
cooler motor controllers. This enhancement measure would prevent the
occurrence of any inadvertent closing of the high-speed contactors when ,

1the fan cooler mtors are runnirg at low speed after receiving the
SIS. No other enhancement has been applied to the fan cooler m tor
controllers, J.

3.5 geistaic Onlification

'No fan cooler motor controllers, one each frun Units 1 and 2, were
mounted on the same test fixture for concurrent dynamic test qualifica-
tion. Two series of tests were conducted. The initial series of tests

L were conducted concurrently with the Type W MCC single column on one
ccanon shaker table, as shown previously in Figs. 2.3 and 2.4. This
was done for testing convenience and was believed not to affect any |

conclusion about the performance of the MCC or the fan cooler motor
controller. During the initial series of tests, two pairs of
accelermeters, one horizontal and one vertical sensor in each pair,
were used to record the dynamic response of the_ controllers. The tests I

were conducted at both the OBE and SSE levels. During the second
series of tests, only the SSE runs were made because enough OBE runs i

'

had already been made during the initial tests and no functional or
structural anmalies were ever observed. In addition, two pairs of
accelermeters were mounted on each of the Unit 1 and 2 fan cooler
controllers this time, giving a total of four response readouts rather
than only two as was the case in the initial tests. Because the second i

series of tests were equally representative of the qualification
testing while giving more response readouts, they were taken as the
basis for our fragility evaluation.

In the second series of tests, the _ fan cooler motor controllers were
tested concurrently with the auxiliary relay panel on the same shaker
table. Again, this was done for convenience of the qualification
testing and was believed not to affect the performance of either the
fan cooler motor controllers or the auxiliary relay panel. The shaker
table motions were biaxial, one axis in the front-to-back (X-). or
side-to-side (Z-) direction and the other in the vertical direction.
Figures 3.1 and 3.2 show the front and back views, respectively, of the
test setup for the second series of tests. The Unit 2 controller was
mounted on the front face of one vertical frame, the Unit 1 controller

. on the back face of another vertical frame. The two steel frames were
rigidly connected back-to-back,with each other. Each steel frame was
formed frm two 4x4x1/4-inch vertical steel tubes that were about
20 inches apart.from each other in the side-to-side plane and welded to
steel U-channels at both the top and bottom. The battaa U-channels
were rigidly attached to the shaker table, and the top of the square
tubes was rigidly braced frm the shaker table in the front-to-back

|3-2
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-(F-B) direction. Each contInller was bolted to two 1-1/2 inch vertical-
angles with 1/4-inch bolts, using the in-service bolt holes, ard the !
argles were then welded to the vertical square tubes in t!m steel

i
frame. 7his setup sin 11ated the in-service mounting condition in the :
plant.

The accelerometers for monitoring the device response were mounted at #

- Incations 1 and 2 on the Unit 2 controller, aid locations 3 and 4 on
the Unit controller. Figures 3.1 ard 3.2 sixw the accelerometers at
- Iocation 1 ard locations 2 to 4, respectively. The local mounting
details are shown in Figs. 3.3 to 3.6.'

To monitor the operability of the fan cooler controller during and
after each test, a 440VAC, three-phase power source was connected to
the i m ut of.the breaker. One phase was connected in series with the
breaker and starter "F" contacts, one phase in series with the starter
-"S" contacts, ard the third phase for powering the switches of the
mechanically interlocked starters. The outputs were va sected to 6VAC l

- stepdown transformers ard monitored on a direct readout recorder. The
seismic tests were conducted with the "F" starter energized and the "S"
starter deenergized, ard then with the states of both starters
reversed. The normally-open (NO) ard normally-closed (NC) contacts of
the starters were connected to a chatter detector and monitored for
contact changes-of-state of duration two milliseconds or greater.
Proper operation of the various devices were also visually monitored
prior to ard upon canpletion of each test. Figure 3.7 shows the wiring
diagram for monitoring the operability of the controllers.

The controllers were subjected to four F-B and vertical runs at the SSE
level, and then five runs at the same SSE level in the side-to-side and
vertical axes. The averaged shaker table ZPA, i.e. ZPA on the IRS, was
about 1.7g for the horizontal motions and 1.4g for the vertical motions

'

for the SSE level runs. Figures 3.8 to 3.11 ccmpare the 3% danping 7RS
to the controller response spectra from the fourth SSE run in the F-B
and vertical ~(X-Y) axes. Similarly, Figs. 3.12 ard 3.13 ccmpare the
IRS to the controller response spectra for the side-to-side motions
frun the fifth SSE run in the side-to-side and vertical (Z-Y) axes; the
spectrum conparison for the vertical motions is omitted here because it
is similar to that frun the SSE Iun in the X-Y axes. An examination of
the spectrum ccuprison indicates that the resonance frequency in the
F-B axis was about 13 Hz for the Unit 1 and 2 controllers. In the

..
vertical axis, the resonance frequency may be identified as at about

'

f 18 Hz, but with only a small anplification. This suggests that the
controllers are effectively rigid as far as vertical seismic response
is concerned. In the side-to-side axis, Figs. 3.12 ard 3.13 irdicate

- that the resonance frequency was about 13 Hz for both controllers,
|. which was the same as the resonance frequency for both controllers in

the F-B axis. In sununary, the fan cooler controllers frun both Units 1
and 2 may be considered flexible for horizontal motions ard essentially;

rigid for vertical motions.
I
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For all four X-Y and five Z-Y runs at the SSE level, the devices
changed state on comand as required during the tests. No chatter was

7 r*w=rved cm any of the energized contactors. 'Ihe timirxJ of the
|'- 42X-2G-1 low-speed contactor auxiliary relays varied slightly, less ,

H than 5%, during the test runs from the timing obtained before and after
|. the test, and such minor variation in the timing was considered to have -

|: . no adverse effect on the required safety function of the low-speed
controller operation. Chatter was, however, r*werved on the deener-

i! . gized high-speed contactor 42-2G-1/HIGH with the low-speed contactor'
both energized and deenergized. Normally, spurious chatter of a motor
controller contactor would not adversely affect the connected motor or
the contactor itself. But, in the case of the two-speed fan cooler
motors, spurious datter of the the high-apaad contactor, while the
motom are running on low speed, could cause th== to the motors. For
this reason, mechanical interlocks were installed on the fan cooler
motor controllers in order to pInvent the possibility of high-speed
contactor closing when the ucA. ors are operated at low apaad. Although
& atter was detected only on the Unit 2 controller, which is mechanical-
ly different from the Unit 1 controller, interlocks were installed on
all Unit 1 and 2 fan cooler controllers to maintain uniform cperation
features.

Frtn the previous diarmaions of the test results, we can sumarize the
seismic response characteristics of the fan cooler motor controllers as
follows:

(1) 'Ihe miuvllets are' flexible for horizontal vibrations, with 1
a resonance frequency.at about 13 Hz in the F-B axis. In the '

vertical axis, both controllers are essentially rigid.

(2) Chatter was consistently detected on the high-apaad contactor of
Unit 2 controller at deenergized state with the low-speed
contactor both energized and deenergized. In order to prevent .I
possible rhmaga to the motors when running at low speed, 1
me& anical interlocks were installed to the controllers from '

Units 1 arri 2. 'Ihis was a positive inprovement to the operability
of the controllers and hence no further qualification tests were
needed.

3.6 seismic capability

Based on the tests results dia'3caad previously and the fact that the
moving armatures all move in the horizontal direction only, we jtdge
that the fan cooler wiuvllers are more sensitive to horizontal than
to vertical input motions at the base. In addition, we will assume
that the c.uiuvllers have a 50% chance of functional failure, with a
95% confidence, for a ccanercial standard fan cooler controller without
the mechanical intArlock and subjected to the 1.7g ZPA horizontal base
motion. With the mechanical interlock installed, we assume that the
1.7g horizontal base ZPA harmac the horizontal HCLPF ZPA. On the
other hand, we will assume that the vertical direction HCLPF base ZPA
is 1.4g for both the commercial standard arx1 modified controllers.
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Raaari on the arme observations and assunptions, we estimate the
mininum seismic capabilities of the fan cooler motor controllers as
follows: -

,(h)g - to be essentially rigid, their mininum seismic capabilityBecause the'' fan cooler controllers have been shown by tests
can be sufficiently represented with a base motion ZPA of
1. 4g.' 'Ihis mininum base ZPA capa':ility applies to the
controllers both with and without the installation of the
mechanical: interlocks because the nodification was prbnarily- 1
naariari for improving the seismic performance of the contrul- 4

.

lers for horizontal vibrations.
V

(A ) * - mininum seismic capability is different for the control -H 1ers with and without the installation of the mechanical
interlocks. With the modification, the minimum horizontal
seismic capability may be expressed as a 3% danping response
spwLram of the base motion, as shown in Fig. 3.14. h
hac:a spectrum has a ZPA of 1.7g, which conus a.3s to the.r
HCLPF base ZPA we previously assumed for the controllers
with the modification.,

For controllers without the mechanical interlocks, the
previous assunption that the 1.7g base ZPA cot 1=spcas3s to a
probability of failure of 50% with a 95% confidence gives
the HCLPF level to be approximately 0.85 x 1.7g n 1.4g,
-ndng a random variability of = 0.09. It is a
reasonable estimate because durirgfall OBE runs conducted
for the first series of qualification tests the average ZPA

.,

on the TRS was about 1.3g and chatter of the high-speed 1

:contactor was not detected. 'Ihe capacity for the ccanercial
standard fan cooler controller, expressed in a respor,se
spectrum, is therefore equal to 0.85 times the capacity
spectrum for the modified controller as shown in Fig. 3.14.

h fragility evaluation for the fan cooler motor controller
will be based on the same assunptions that were applied to
the MCC, with both the ZPA and ASA representing the
alternate fragility descriptor. 'Ihe median ZPA and ASA

'' capacities, A arrl S, respectively, are listed in 'Ibble 3.1.

Figures 3.15 and 3.16, respectively, show the horizontal
seismic fragility curves for the camercial standard and the
modified fan ecoler contrcllers. h vertical seismic fra-
gility curves are the same for both, as shown in Fig. 3.17.
h ratio of ASA to ZPA capacity is 3.5 for the horizontal
fragility, which is the same as that for the Type W MCC, and
1.9 for the vertical fragility.

i
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Table 3.in Median seismic fragility of fan cooler motor controller ;

Standard Omnercial structurally Modified '

Configuration- (with mechanical. interlock)

V v- y .v
A S A S

s

Horizontal-(g) 2.6 9.1 '2.3 8.0-

Vertical (g) 2.2 4.2 2.2- 4.2

0.18 0.18
-u

#r 0.09 0.09
.

Notes:
v

median capacity based on ZPAA =

v
median capacity based on ASA; S =

3-6

__ __ _ _ .- - - - .- . - . .. . . _ - - _ - _ - _ _ _ _ _ _ _ -



.-. . . . . - . . . . . . -. _. . . - . . - -

_ ..P $h r

-q'-- . g.; ; ..

L j.' t,8!!+ :s ' 11"l

I
..,

i | | | [|
'

-
- - .

,

"'t"" g 5] !. d u %xas,wa _ _
-

$$1p1q]sq; g +[f( ~~ |;

_

I5 ew a ; . _ _
-

ji 7 gtt ,g,

1 wM ji = '
4 e

,

, d- j g .
,

; -.

,. .

w,. .

,

khkiff! Mdk-

,.
.4 "

'

f)1 'T',yu '

u.." kE* ST w a
l'

1Q o fMK'' 4"

A (;Npj, 7)[;/(;7|C dji,.3-.aj|;.yf"'

' -h"J ' i

c1 me_

[]
d

% . ,. _ .

. . ff. .y,,.. y Fel /

J 'gs
. 3

- *) u egx,

, |~ "'

Fig. 3.1 Setup for FO!C and auxiliary relay panel during second
series of tests. The Unit 1 FOIC is at the front, that frun
Unit 2 at the back.

3-7

--- . - . - - . . . - _ - - - . . - - - - . _ - - - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - .



, . . - - - . - - . _. .-_

i
s

| [

f *. . %,y :G" i n--

*19 ijv i <
.

j l{ ^ ;p'
i '

.
,

4..
; ;

^

) i, l;

I .:p, |t

40 ,
'

,

, n.
xt, ,

i

_

,,,
'

ll?hf }%g4

?;'N.: .
'

3-
~'

9:~-

<,[Dg <

54, } .

-
j ,r. .

l. v - - . , .

i
' k;jfh 1
c. . - T | -- @;

% ~ Mb . [(-;

|. {e%.
;;;

4 g :4s
h,Y k :> V '~

,
. .a

YN 's
i i %Q .g po- .VGSk%;"y% As#

'#1 Min E 0 -l *
Sn@i&=U ! t

o

I+fk .h , rf.goa[([.hk[bNekf'h5)j :43yhyy;db 3, 'Ib+' \,3, ..
.m

ki9AO 4j
Q d yy |

sgG3t8@s
'

7
:p,

%sMD%y;;.Ag;g| wwi:e w ktgm e.uudie: s khn#w
47 . A m.~

. N%N b + N h ff N 9 dN.. j# $ gN h h
s-1 -

hpgdban 4%sdb
-

k.u%i.i ,w,

Fig. 3.2 Rear view of setup for IGC and auxiliary relay panel fort.
l secorxi series of qualification tests.

3-8

._. _ _ . . _ . _ _ . . _ - . . _ _ . _ . _ . . - - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ .



______ _ __ _ _ _ _ _ ___ . _ _ _ _ . . _ _ _ _ _ _ . _ _ _ _ . _ . . . . _ __. _ _. _. _ ___ ___ _ . . _ _ _ . . _ . _ _ _ . . _ . _ . . . _ . _

~

|. -: -s .

.t. x, *v s,+,

tj;p,e- ..

.

., .e i|,. .g- ),
, .

i$%;{f? -
9h@

. 'T! f 'Anf $||;qd .
. r,'. ;D ,

.

t

r%- i
' Tli ' % i

~

~

aft e t> .

| 1;pf t,
.

1 K: s. .

f7 \Y{q
'A%|y

r '

6
c, 2

- ty.4B, <, g rf
- - - u'

.

.

+ / | g'-

'

. .- |c '

v'

y
3 ;.. ;, ~

J {|
' '

_, .
I

t-
.

[ / .

V,

,

.
.

1
'

' ji. 7

l -

w;a bt.

Fig. 3.3 Accelercuneter location 1 on Unit 2 IU4C.
P

3-9

.. _ _ . . - . _ . . __ - . _ __ _ _ _ _ _ _ . _ _ - . . _ _ _ _ . - _ _ _ _ _ _ _ _ . . _ . _ _ _ . _ _ _ . . _ _ _ _. __ _ __ _ _______ _ __.--__ _ _ __ __



- - _ _ - . - - - . ~ . _ . . . - - _ - . - - . - . _ _ . . .-

E

j- - - -

'y J y yn pe fr - ,mrp 7 j. _ _

3; . ; ?ii. bii
~ 'd L ]jj. * * [''ff-.~

~ !j ,](N {L
..

,
.

T. } .v ' 4

g ,

y ! >fg ' g;y[ > 't||
,

7

i
'

i

W;| .y)>

T U: ' * .
,

|Qx "1 O f'

'.. . >
y ' g|4

.

Mi ' ~

' Q(J; ~1 : 1
E.b a. eu ,

,

N ;kOGiQ . ihi . ,. !;) '[ .

,
-.

( -g; ::.| Si
-

l
, ,

"~

).,-J' ?yJ'pN-

' :

' ' ~bd, Qff :-- ."* :]' ?)
,

' '
s .

} -} q . g :h 5;Q < v
.

\;,
'

c: -
>

e -3 : -'

[ $ M ' &y 9
} ',[c%''' -'g ,"J FK W /

i i :q T t' | ' ~ y _

g}

,
,

l' r ,
,

t V

y [g[M .f ?' ,
.

| ;

.

*
. .

il'

. . #! .
, ,

? ? | . !fh|,: ) c :;;

' ?

. , _

& :~| J f "yf:(![, ;'({f|)W[
_

F fC
^

' '

s,e - i
y.;r. |m

,

^; Y" ;~ ]
1

[
'

,

[jp'' .

;Y :

h ;.
. |a .m n$ y ; + F m|

; igy .:
- >

~ 1

| $- T' 4 c,
.

*' fa' ! ic

| %W .
.|;

'"
Le p < r.

s

.m

f' . f$U i t ..y- |'

f,. '
n6 N!

'

,i ^ ,a
...

,

i ;| w' '

| . : ~

|

|
i

Fig. 3.4 Accelenmeter location 2 on Unit 2 FCMC.

3-10

- . _ --_. __._. ._- _-.... _ ..-._ _ . .- ___ . . _.-_ _ ...-_. _ _ _ __ - ._._..-_......_.. . - _,



_ _ _.._._. ~ . . . _ . _ . . . . . _ _ _... _ __._ _..._ _._ . _ _ _ _ .

.

4

)

@.h.
'

.s;.,,,

'i 1 J ,J-

i' fil;n , ? :' "- .i lag:e'3, ~

. ijpg;fi.yOh
-- 4' i 3. , .-(

, '
, ,

y '

<
..

1;i- ,
'

. ;;

' - dt||Q,.

, ~

/? i' v.
.

*

. $$'
$

]i *

(

1 ~

,

,

t o
,a ,,.

' g,.,

hir 77-,,. q. .
' p

.N
. ..

'

l=.
,

'

.-3 -t |-.
.

f-

g

;

3.5 Acceleter Im.ation 3 on Unit 1 FEMC..

3-11

1
1

, . . . _ _ . . _ . _ . , _ - , - . . . - . _ . _ _ _ . . _ . _ . . . . . _ _ . . . . . , _ _ . . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



.- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . - - . . - . . - . . . - - _ - - . . . - . . .

i

,

''
i

,

_

O
.e '+

.
t g a<

U | }, s |

f" -

q, .

[ ,, -
'

: r

k t-
- '

'

; ,

: ) (
s{ .. F .a; J . . .,^

h'.
,

'j:.[:|'k $ A 6 6
'

V s
rp t ^na6

J - fg '}
\ a q. n

'

.. ; o u, .

L Mg l u f ki; yg
.

'*i t Y
. ' d ; '? 2 de %

.

1
~

R /<.yinigi "' -

>

W 4 & p.. f ;f s,
'

,
*

i :s ( lJ [ "'
fif5 J f{fji|[|pc|'.p di|-"~ ?;.(y", )., ppy'e'

,

~ ..~;;:L L. . .| -s
'

-

..

hhuc

.

-- .9 .t.

! = i - j p
i. ,, ' /:

'

f. .,M.

-

$
|.

.

- i

i

t

Fig. 3.6 Accelerometer Imation 4 on Unit 2 FGC.

|

3-12

|

- . . . . . . . - _ . . _ . - . _ _ _ _ . . _ _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ . .



c .m
..

.

..!

|
s: -

i i m' I i I s I e I id1 7 i es
I4 e

-a
SAue d*O' i;|

,

E
480VAC

H3 SuttLYp. m s >(Q i $Ef N0ff*
_

$14-If-f- f I
gg

.

~fSl $2 f, b
, <

< s

-h$ Q.'[''Qd:C D
y v + . - - . .-iM ' #8 ' 'S' HONitet McWifst400M ; ci 'l ' 4p tbj r 14r f64 3F

T $3 E
,

imiw tow > o *> >44_ <

N
. _.

k | 22 b bW
8 Ah \/

}]idl>]?
g

. 4tt-fin 4 |bu16-||' "4f te-|
'

$t 244u e, <- - 7 4t 26-t ;el L8W

E nya d ? b i P r ~ f r l'" K gg
* "" perme en6ed 4.3isT~'

~"
~ uu
k -#

j)J
.,17j y 43 ts.t m >$.#

-
i J- ygg t

c. - 3: =
para j'M E $d2: - '' *

y
** t P6 < > + 4i 9 > '> t If

B
, , ,

O$; - -
.

. McNiTOR OM DitfCT'

READ 00f RECORDER
-

NOTE: HE Avy t.eNES is BE wtRED BY WYtt LABORATORY. ~

' ,, y

[ $. (OWTAINHENT FAN (00tfR MOTOR STARTER ,"
A ~

ffff
g SEl5MIC TEST SCHEMATIC 'sursos

-

_.
ban. DIABLO CANYON surso ev :

-

,
- '

i # 3 caratiussar er s uGINEERfuG sean na ssens !~i W me xne== s. E E ~ me "j" gg PACIFIC GAS AND ELECTRIC COMPANY A t TAC HMENT ~A! [aevsseoas saw amancesco. can woasma I .

,.

- - - - - - .--
t 4 t | | | 6 4

4

A
I

|
. .4

-

.. . . . . . _ , . _ _m. _ ~ . . _ . - . . , . . , - . . _ . . _ _ _ , ,_ ,,__ _
. , _ . .. . , _ , . _ , _ . . _ . _ . _..



. . - - _

,

!

:
1

?

.;
t

100'

t Mot:e (Unit 2, FB){ Firs

f

30 $;

I'
'20 '

\
^

s
k

'

$ t A

%10 , , U es
/[' 'i i

, | 'i%
d s

g /i si w

|5

Qt[N'. 23 - m
*

A. _
2' ' NV N

1
,

1 2 ? 5 10 20 30 50 100 t

FREQUENCY (Hz)

_
TRS

-

'

-- - Location 1

" ~ ~ " " Location 2

:

Fig. 3.8 Front-to-back response spectra at Iocations 1 and 2 on the
Unit 2 EGC for the fourth SSE test in the X-Y axes (3%
dampincj) .

3-14

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ .



. .
,

(

I

!

i
mr

100
1 ;

!

50'

'

.,

30 i
i
!

20 s
'

3
J irst Mode Freq..,

$ (Unit'1, FB)

D 10
E

e'- .'s} p, ' h* ' 9 ' -t

\* - -'5
oo js j ', , \ <

'

s i ,, ' - * 5
'

, s g

' '
3 - /v w \ ,

S
re ry - ~ , _

T\ /t
2 ;f ,

/1

1 2 3 5 10 20 30 50 100

bFREQUENCY (Hz)

TRS

Location 3- - -

:

**""" Location 4

Fig. 3.9 Front-to-back response spectra at Incations 3 and 4 on
the Unit 1 EU4C for the fourth SSE test in the X-Y axes
(3% damping),

t

!

|.
|' 1

i. 3-15
'

. _ _ _ . . . . . _ . _ _ - _ .,



. ,
.. . _ _- _ _ _ -__ - -

.r...

,

!

!

!

r

100
,

50 ;

+
s

30-

1

!: 20
%

|.
-

i- B.

|: y
: - . 10
|
\

,I-..

| 5

| '.
1.

: 3 A __ I L

I [.~ Ai_.,

y y w-

1

1
1 2 3 5 10 20 30 50 100

v
PREQUENCY (Hz)

|.
'

TRS|;
| - - - 1ocation 1

- = = . Location 2

1

|

Fig. 3.10 Vertical response spectra at Incations 1 ard 2 on the Unit 2 ~|
FCNC for the fourth SSE test in the X-Y axes (3% danpirg) .

!

3-16

L

, ..



ff '
,

,

100 ,

50
,

30- ..

'20

?
5s

' !2 10
Ri

.5<
5

,- %,

3 - ~A - ,-

' A{ i
2 - -- -

,

1
'

1- 2 3 5 10 20 30- 50 100

PREQUENCY Diz)

TRS

Location 3----

- - - - - - Location 4 .j

1 ;

i '
.

L

Fig. 3.11 Vertical response spectra at Locations 3 and 4 an the Unit 1
FCMC for the fourth SSE test in the X-Y axes (3% danpirg).

3-17

.

I



.p

'!
4

!

g 100 [4

Pirat Mcxle (Uni 2, SS)
'

'50< >

7

o

30

0 1

20 ~1\
wnn

2 /| ',\
.

^
!i ! '.\
$ 10' -f '' I

E' [g, 'I .

j ',\O

l / N ',\fs[v i%
3

/ ;f',
'

p , ... . .,
,

[Y k ' '

3 A '

- ;
_ m

2 - _-

Y1
' < - 1' 2 3 5 10 20- 30 50 100.

FREQUENCY (Hz) I

TRS

- - - Location 1

- = = = = Location 2

:
1

Fig. 3.12 Side-to-side response spectra at I.ocations 1 and 2 on >

the Unit 2 Imc for the fifth SSE test in the Z-Y axes
(3% damping).

3-18

_ _ _ _ - - _ . . _ _ . - - _ _ _ --. . . _ .



n;
- -

-

.
'[ ', ,

le -

.

i-.

I

i

100

Firs t Mode (Unit 1, SS)

4 im

50 r
'

O '

/' \
30 / \

l \

l \
20

E [
)- ,

I N -!'
J, .f' , ~ , ~ .Qi m
$ 10 --g

'
, g. , ,

$ $ i

w.o ===-m ,cg .

. }*

^ 40f_-

3 ... - ..
,

# _
2 -

1
1 2 3 5 10 20 30 50 100

FREQUENCY (Hz)

- TRS

- -- Location 3
., Location 4

.1

|
1

|

Fig.~ 3.13 Side-to-side response spectra at Imations 3 and 4 on
the Unit 1 FQiC for the fifth SSE test in the Z-Y axes
(3% damping).

1

3-19

.. . , .- - ,



__. . . _.

,

ct. ;

|

i

| ->

100 ]
|c.

'

!

..

50 |
m

30

1
'

20
3

g.
s .,

-

10

d

5

/
/3

.

!

' N 1.7c
,

1-
1 .2 3 .5 10 20 30 50 100

FREQUENCY (Hz)

Fig. 3.14 Best estimate mininun seismic capability of FU1C with mechan-
ical interlocks installed, expressed as a 3% danpirg base
motion spectrum in the horizontal direction. Note that the
capability spectrun for the camercial s'W E04C is 0.85
times the above spectnnu.

t.

3-20

. . ,



'- - ; 4 ;i,

y ;

;;y .{
.

,

ii W! |

r

.L

-

'; 1.0~ , , , , , , , , , , , , ,

-
.|

.

/ -

'O.95 0.50 0.05b J

-

- ..b

o t

'|g
-q

-

-.

.w t

o - f
'

_
#>,

8 LA = 2.3g-
SI H --

------- --

- g,- 0.s
e ] #u = 18 q.

.s i
~

#r = 0.09l
~

@'
o

;d
| _

:g _

w I
_

'

c

_ i
HCLPFHI

, |
l _ .

_

l

| i , i i i i i i
. 0. 's i" i e i l i

.5 .6 .8 1 i. 2 3 4 5 6 8 10 20 30' !

I
Local Component Base ZPA (g)

i
I i e' i i i: i l i |8

2 3 4 56 8 -10 20 30
;

Local Component Base ASA (g)

.

Fig. 3.15 Horizontal seismic fragility curves for the ccumrcial
standard fan cooler motor controller.

.

3-21

. . .

m s m M w wa



w y ; t:
.s-,

- -
_ ,

, .,
,*

W:, F ' '

p! g ;
,

,

t,.
I.'

i--

-s, ;.
s-

v: 110'
i . !, i . i i i i i i i i. ii. i

> y ..

-

rc:.

0.95 0.50 0;05

_.= -
,

,

e'
gi
3 - -

. to : -
,

w
- W
O'

_
_

.

'8 A = 2.6g
--------- -- - g -

g . 0.5
d- ] u = 0.18

w -

@ l = 0.09
~

ro
t |

$ | --

6 I
HCtse . I _n_

1
| -

_.

l_______

I i i i e i i i I i0. i t ii I i

.5 .6 .8 1 | 2 3 4 5 6 8 10 20- 30
>

Local Component Base ZPA (g)'
I

i i i i e i e I i i

2 3 4 5 6 8 10 20 30 1
-t

Local Component Base ASA (g)

1

-!

-Fig. 3.16 Horizontal seismic fragility curves for the structurally
modified fan cooler motor controller. |

1

|

3-22

- -



c. , . ,;

if;G ,

F -- ;is ,
,

h,

.>>

.h ^ z!

?, ' .f!? .h

k ,

. y. 0 -.

i i i ii y i i. i i i i ii i
,

t

.

-

0.95 0.50 0.05 ,
-

tp. ,

_.
-

'

y.

1
3 -

-

.x
.m
.- 44

.. -0;
_

_. .

..

8'
y' A 2.2g. '=

y '-g 0.5 - - - - - - - - - -~

e #u " 18
<

-1
1

'" 'Y #r = 0.09
-

.l ,;o
Td |.~
2 - | .

_
_

'

8 . ElCLPP |y,

_ ;
-

I
L |__

l
'

______

i-|-

i i i e i i , e i0, i -i, i

.5 .6 . .8 1 t 2 3 4- 5 6 8 10 20 30

| . Ixcal Component Base ZPA (g)
'

<
.

'| I i t i i l i l | |

2 3 4 56 8 10 20 30

Local Component Base ASA (g)

1

:

! Fig. 3.17 Vertical seismic fragility curves for the commercial
standard and structurally modified fan cooler motor
controllers.

3-23 I

i
|

t

'i, ,

< i: . ., - . . - . . . ...-.



- F

- !

1

4. - IOCAL RDGtFERS |

4.1 Description of Eauicment

'Ihe three-local starters diaenanad in this section are in the auxiliary
building at the Diablo Canyon plant and are located near their respec-
tive controlled loads. - 'Ihey are typically housed in cold-formed sheet
metal enclosures that are attached to corrrete walls with expansion
anctiors at,its corners. 'Ihe electrical- devices housed in the local ~

starters are nominally the same (i.e. contact-operated motor starters) *

Jas those housed in motor control centers. In the local starters, 1
however, the electrical devices whose functionability determines when . ;
c:mponent " failure" occurs are_ located much closer to the cxmponent . I

mounting point. ''Ihe devices in a local starter do not therefore see '

local motions anplified by a cmplex intermediate structure such as a !
Inotor control center cabinet. Consequently, given the fact that we

reference tragility to the ZPA (or, alternatively, the ASA) at the
component base, we expect local starters to exhibit higher fragility
levels than the MCC, even though the internal devices in each cmponent ;

I are nominally similar.
1'

i Incal starters IPF36 and IPE37 are each ND4A Size 1 disconnect switch
' - ccabination motor controllers weighing approximately 75 pounds. IIG66

is a Size 4 starter weighing about 120 pounds. Figures 4.1, 4.5 and
4.8 show the setup for the qualification tests. Because of similarity
in their function, construction and qualification testing, the three '

local starters will be considered simultaneously in the.following
diae m aion.

L 4.2 Safety Function

! 'Ihe local starters must provide power to their controlled loads on
| demand. In order to accomplish this required function, the main power

contacts must properly operate on demand.and remain at the commanded
state during and after the earthquakes.

| -4.3 Selenic Failure Modes
|

| -- From the results of the qualification tests conducted for the MCC and
' '

fan cooler motor controllers, we observed that the starters mounted on

| these equipment never suffered any structural damage although chat-
| tering of contacts sometimes occurred. We therefore rank the seismic

failure modes for the local starters in the descending order given
below.

- (1) Functional failure due to inadvertent change of state of the
contactors.

(2) Wnctional failure of the main power contacts to operate on demand
and remain at the commanded state.

(3) Structural failure such that the local starter is disabled.
I
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4.4 Modifications to Dow 8eisnic Perfonnance

No'inprmuets to any of the three local starters were rwdM because
they all easily withstood the qualification tests at the SSE level
.without canpromise of .their required safety function. Eis was antici-
pated because the local' starters, through the direct rigid mountirq to
the shaker table, did not experience the anplification of the shaker ;

table motion that the same devices did when mounted on the MCC during
the qualification testing of the MOC._ In other words, in terms of the
. local in-cabinet ZPA, the devices were subjected to motions lower than
those experienced by the same devices mounted in the Type W MCC durirg ,

the front-to-back (F-B) test runs.

.4.5 nai-4e o=1ification
t

For the qualification tests, the local starters were bolted to a rigid
test stard using 1/2-inch bolts to simulate the in-service corditions-
at the plant. We rigid test stard was in turn welded to the shaker
table. Accelermeters were attached to the devices to mnitor the
local device response. Figures 4.1 to 4.4 show the test setup and
device response accelermeters for local starter LPF36. Figures 4.5 to
4.7 illustrate the correspording setup for LPF37, and Figs. 4.8 to 4.9
that for IM66. Note that both the vertical response of LPF37 and the
horizontal and vertical responses of IK66 were not monitored durire
the tests.

'Ib mnitor the functional operability of the local starters during and
after each run, each starter was connected to a 440 VAC one-phase power
source. It was then functionally tested by applying 440 VAC to the'
starter control circuit, connecting the disconnect and starter contact
in series, ard visually mnitoring proper operation prior to and upon
completion of .the test. During the test the output of the disconnect
ard starter contacts were connected to a 6VAC stepdown transformer ard-
recorded on a direct readout recorder. We normally-open (10) and
normally-closed (NC) auxiliary contacts were connected to a chatter
detector set at a 2 msec threshold. Figure 4.10 shows the wirirg
diagram for monitoring the function of LPF36, which was typical for
local starters LPF37 and LPG 66 as well. In addition, visual inspection
was conducted to assess the structural integrity of the components at
the cmpletion each run.

We seismic tests were corducted in accordance with the guidelines of
the 1975 edition of IEEE 344. We test motions were biaxial rardom
mtions in either the X-Y (F-B ard vertical) or Z-Y (side-to-side and
vertical) axis. Five OBE and three SSE runs were corducted in each
axis, with the exception that five SSE runs were made for LPF36 in the
Z-Y axis. Each run lasted about 30 secorrls. During both the OBE ard
SSE runs, no charge of state of the contactor was commanded. We sole
exception was the last SSE run for LPF36 in both the X-Y ard Z-Y axes,
during which the' state was switched in order to assure proper operation
of the device durirq a cmmarded change of state.

4-2
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The SSE run for IPF36 was conducted in the' followiry manner, startirg
,

y; with the X-Y axis run:

(1) Close discuuMc switch..

_(2) Run one SSE test with contactor de-energized. ;

(3)' Run one SSE test with contactor energized..

(4) Run last SSE test, first energizing mntactor about 10 camnds
into the run and then de-energizing the contactor about 10 seconds
later.

(5) Rotate the equipnent 90 degrees on the shaker table, and repeat,s

the above steps.

(6) Verify proper contactor. operation before and after cortpleting each
test.

The ZPA of the test motion was about 2g in both the horizontal aM
vertical directions. Figs. 4.11 and 4.12.show the 3% damping TRS and
device response spectrum for the first X-Y axes SSE run, ard Figs. 4.13
and 4.14 for the fifth Z-Y axes SSE run.

- The SSE runs for LPF37 and LIG66 were corducted in a similar manner.
The differences were: (1) only three SSE runs were made in the Z-Y -
axes, and (2) = state of contactor was not switched in the last SSE runs
in both X Y and Z-Y axes. Figs. 4.15 ard 4.16 show the horizontal 3%
dampire TRS ard device response spectrum from the third SSE runs in .

,

both axes, and Fig. 4.17 shows the vertical TRS from the corresponding
runs for LPF37. 'As previously mentioned the vertical device response
spectrum was not available because it was not monitored. For the sane
reason, only the TRS was available for LIU66, as shown in Figs. 4.18
and 4.19 for the secord X-Y ard third Z-Y SSE run, respectively. For i,

- LPF37 and LIG66, the shaker table ZPA was about 2.0g and 1.lg, respec-
tively, in the horizontal and vertical axes for the SSE runs.

Neither functional failure nor structural damage was detected in any of
the qualification tests of the three local Ftarters. ConEequently, no
modification to the commercial standard local starters was n = = Jy to
meet the Hosgri qualification requirements.

Because LPF36 ard LPF37 each contain a Size 1 starter, we expected
their dynamic response characteristics to be similar although their
cabinet configurations are dissimilar. This anticipated consistency is
verified upon examining Figs. 4.11 to 4.17:

e The starters appear " rigid" in the side-to-side ard vertical direc-
tions because no apparent resonance frequency below 33 Hz can be
observed.
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% e starters appear " stiff", but not rigid, in the F-B axis, withe
the resonance frequency arourri 25 Hz.

.!

- No direct deduction regartling the dynamic characteristics of local
starter IR366 can be made in the absence of the device response 4

spectrum. Frcxu the fact that it contains a Size 4 starter, which is
heavier than the Size 1 starter, we judge that IR366 is more flexible 1

than IPF36 and IPF37, particularly in the F-B axis.

- 4.6 geigde capability

me mininum seismic capacity of the local starters is a==~1 to
correspond to the envelope of the TRS for the various SSE runs.
v
(A )& ' f r LPF36 and LPF37, the mininum horizontal seismic capacity-

H may be represented by the simplified base motion spectrum
shown in Fig. 4.20, with a ZPA of 2.0g. .For IR366, the same
minimum horizontal seismic capacity may be assuned, as shown
in Fig. 4.21.

v
(A ) g - for LPF36 arri LPF37, the minimum vertical capacity is takeny to be the same as that shcun in Fig. 4.20 for the horizontal

direction. Bis is because the 'IM for the SSR runs of
LPF36 was about the same in both horizontal and vertical
directions. 'Ihe minimum vertical capacity of LPG 66 is taken
to be the one shown in Fig. 4.21, having a ZPA of 1.lg.

- Se seismic fragility of the local starters is estimated on the basis
of the following assumptions:

(1) % e fragility may be adequately represented by both the ZPA
and ASA of the notion at the base of the starter.

i

(2) te HCLPF ZPA capacity corresponds to the ZPA.of the spectrum
representing the minimum seismic capacity of the equipment,
i.e. , Figs. 4.20 and 4.21. 'Ihus, the HCLPF capacity for starters
LPF36 and 37 W 2.0g for both horizontal and vertical vibra-
tions, and for LPG 66, 2.0g and 1.lg for horizontal and vertical
motion, respectively. W e corresponding HCLPF ASA capacity is
8.0g'for local starters LPF36 and LPF37 in both horizontal and
vertical directions, and for local starter LB366 in the horizontal
direction. Se HCLPF vertical ASA capacity for local starter
IPG66 is 2.6g.

(3) h e probability distribution of the seismic capacity is log-
normal. We associated uncertainty and rardom variability is
taken to be =0 = 0.09 for local starter LPF36 and
LPF37, which Ss con.18 ardsistent 6ith what was previcmsly assumed for ;

other plant-specific electrical components in the Diablo Canyon :

plant. For local starter IR366, we assume the same random varia- I
bility, = 0.09, but an uncertainty d = 0.27, which is 50%
higher thh that assumed previously for"all other plant-specific
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1
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electrical ocuponents at the Diablo Canyon plant. Ra w on the
HCIPF horizontal ZPA capacity of 2.0g, the cou ig= ding nadian
ZPA capacity boccanos 3.6g Wmn # n 0.27 is assumed. This median j
ZPA capacity, estimated en the bhis of a larger urcertainty, is i

judged reasonable'in view of the anplified response that was !

experienced by the MCCMa:mnted Size 4 starter during the LINL l

doetion test and during the PG&E qualification test for the '|
Type W MOC. For exanple, the median horizontal capacity for the

,

Size 2 starter was about 3.99, in terms of the local base ZPA of |
the device, and the coi1==g. ding median capacity for the Size 4 1
starter would, in our jtep.ist, equal or exceed 3.9g (see ;
Ref. 1). Eh that the same reasoning.is nct applicable to local
starters IPF36 and IPF37 because Size 1 stuters were not included |
in the IINL deiEinbution test an2 the Size 1 starters included in J

the IG&E qualification test did not experience as mx:h anplifica-
tion as that experienced by the largar-size starters.

Based on the above ====tions, the estimpted ZPA and ASA mediany
capacities for the local starters (A and S, respectively) are given in
Table 4.1. Figure 4.22 show the couusrgcding fragility curves for s

local starters IPF36 and LPF37, Figs. 4.23 and 4.24 the equivalemt
information for local starter Lic66. The ratio of ASA to ZPA is 4.0 .

for IPF36 and IPF37 in both the horizontal aid vertical directions, and.

4.0 ard 2.4 f.'or IIG66 in the horizontal and vertical directions, r%,0c- ,

tively. -
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- Table'4.1 Median seismic fragility _ of local starters

i: IPF36 and IPF37 13G66,.

v v v .v.

j; ~A S A '- S--

ki Horizontal (g) 3.1' 12.4 3.6- 14.4'

,

Vertical (g)' 3.1 12.4 2.0 4.8

,A 0.18 0.27,

c'u,

| g O.09: O.09
- r

b
Notes:
v.

median cLpacity based on ZPAA1 =

['- v
s' =". median capacity based.on ASA
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5. stateutY Ale CX3c2BIcas

'Ib disiumtrate how qualification test data can be used to estimate the
ultimate seimnic capacity of ruclear power plant equipment, we have
naaaaaM in detail various u wsits tested by the Pacific Gas & Elec-
tric Ocupany (IG&E) for its Diablo Canyon nuclear power plant. AP part
of the Phase I Cuipcimat Fragility Research Fru; am, we evaluated the
seismic fragility of five s ipcimiits: medium-voltage (4kV) switchgear;
safeguard relay board; emergency light battery pack; potential trans-
former; and station battery and racks. 'Ihe results of the Ihase I
evaluation (see Table 5.1) indicated that these wpe_nts, even in
their standard ocumercial configurations or with relatively minor
structural modifications, would rate as "high capacity" according the
guidelines established during our Phase I v wsit prioritization
effort (2), i.e. the median seismic capacity of each emaada 2.0g based
on local ZPA at the wipcisit base.

Our Phase II continues this evaluation by assessing seismic qualifica-
ical test data for three additional types of conponents from the Diablo
Canyon nuclear power plant. 'Ibese included the following: (1) a
single Westinghouse Type W motor control center column with top bracing ,

added, (2) one fan cooler motor controller,- and (3) two different sizes
of local motor starters. As with the wipcimiits considered in our
Ihase I evaluation, the qualification tests were conducted by IG&E as
part of its Hoegri seismic requalification program for the Diablo
Canyon plant. We selected these particular u igsits not only for
safety significance, but also because they represent different appli-
cations and mounting configurations of nominally similar electrical
devices, i.e. contact-operated motor starters.

For each u.nipcisit, we presented a brief description of the wwe.nt,
its safety functions, mounting condition, potential seismic failure
nn ba, modifications (if any) to enhance seismic capacity, and
qualification test methods and results. Based on the test methods and
results, we enpirically estimated the mininum seismic capacity as being ,

equal to the highest seismic level to which the v.mycisit was subjected
during the qualification tests. Contact chatter observed during the
qualification tests was not considered a functional failure if a
cirullt analysis showed that the safety function of the controlled load
was not u iyu uised; this definition of " failure" we refer to as
failure criterion (1) in our study. We represented the mininum seismic
capability by an idealized version of the test response spectrum ('IPS)
at the ocuponent base, and then assumed that the ZPA of the mininum
seismic capability represents the "high-confidence, low probability of
failure" (or "HCLPF") seismic capacity; in statistical terms, we define
the HCLPF capacity as that value of ZPA associated with a 5% probabil-
ity of failure at a 95% confidence level. Assuming that fragility can

variabilities # and #g-normal distribution having rardca ard uncertain
be represented by a lo

, respectively, we extrapolated the HCLPF
capacitytoinfEramedianseismiccapacityAsimilarlybasedonthe
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ZPA at the myciwst base. This was the same procedure applied in our
Ihase I evaluation. ,

In our Phase II evaluation only, we also used another fragility descrip- ,

tor, the average %bal acceleration (or "ASA"), developed by the
'

Brookhave National Iaboratory as part of its study of generic seismic
fragilities for nuclear power plant electrical oxporents (6). The
ASA, defined as the average spectral acceleration of the applicable

*

2% danping reoponse sps.hom for the frequercy range frun 4 to 16Hz,
is a single-parameter attempt to account for the fact that, at least
for relatively " flexible" mycimits, the sps.hal acceleration is a
more appropriata parameter on which to base a fragility descripticn.
Consistent with the assunptions we applied to the estimate of the HCIPF ,

ZPA based on failure criterie (1), the HCIPF ASA was established fran
the TRS representing the mininum seismic capability. Because the TRS
in the qualification tests was associated with a 3% danping, the ASA
derived from this TRS was incrmwl by 1.2 (as suggested by INL) to ,

account for the adjustment between 3% and 2% danping spectra. The
median ASA capacity S was then derived frun the HCIPF ASA capacity by
a==Ng the same variabilities as those for the ZPA capacity, usually
$r = 0.09 and $ = 0.18.
Table 5.2 sumarizes the seismic fragilities of the couponents consid- .

ered in the Phase II evaluation. The couesperding seismic fragility
curves are shown in Figs. 2.20 and 2.21 for the MCC, in Figs. 3.16
ard 3.17 for the fan cooler motor controller, and in Figs. 4.22 and
4.23 for the local starters. We also ocmpared the horizontal seismic
fragilities of the Type W MCC with those for the Westirghouse Five-Star
MOC (with top bracing) developed from the LINL deriormtration tests, and
with generic fragilities established by INL for free-standing motor i

control centers on the basis of qualification test and fragility test
data. This emparison is shown in Table 2.2. The LINL results were
originally presented in terms of the local base ZPA of the Size 2
starters at the mounting locations. We estimated an average dynamic
anplification factor of 2.1 fran the base of MCC to the starter mount-
ing locations, to convert the starter base ZPA capacity to the MCC base
ZPA capacity. We then estimated the MCC base ASA capacity for the
Five-Star MCC by first determining the ASA fran the TRS and computing

'

the ratio of the ASA to the ZPA of the URS. The ASA capacity was then
determined by nultiplying the MCC base ZPA capacity by the ASA-to-ZPA
ratio. Because the fragilities from both the LINL and INL study were
originally based on a different failure criterion (" failure criter-
ion (2)", i.e. ADy contact chatter, regardless of safety inplication,
represents functional failure) than that used in the IG&E tests,
Table 2.2 also includes our estimate for the fragilities for the Type W
MCC based on the same failure criteria so as to facilitate more direct
canparisons. This estimate was facilitated by OBE-level qualification
test data that presented in Refs 3 ard 7.

Tb staxly the effect of the larger variabilities frun the INL study on
the median capacity, we emputed the median capacities of the Type W
MCC frun the HCIPF capacities using the generic variabilities as shown
in Table 2.2. The results are presented in Table 2.3 which shows that
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the nedian ZPA capacities are _about the same as those estimated based

= 0.09 and = 0.18 but the muhan ASA capacities Maad m the <

.on
genefic variabilitYes are s,cxnewhat higher.

Frcan the' assessments presented previously in the report,' we make the
following nhaarvations:

;in prf redple, 'a "HCLPF" appron& can be used to infer ultimatee
. capacity provided that sufficient information is available from - ,

, , . which to estimate how various factors affect seisnic performance. r*
s

'Ibese factors include not only specific hardware modifications
, r..A to enhance.seimaic performance, but also how the w.: sitK
| |w |LTnted.
[ ~,

l' o based en the results of our evaluation, eact1 of these mignais
in its as-qualified configarttion would rate as a "high capacity"'

? c

r mig. ant according to our prioritization guidalines, i.e. madian *

capacity greater than 2g ZPA at the %criant base. Note that theI

"as-qualified" configuration includes the rigid mounting cordition
awlied for all cu p ents in addition to modifications, if any,

'

;

in the conponent itself.

all of the conponents considered in this evaluation are standard|- e
L ocatnercial items (before modification, if any), suggesting a high

degree of conmonality with similar ecpipment installed in otheru
L plants. -It is of-interest to note further that the nodifications
L to the MCC and and to the fan cooler notor controller were done
L not to skeugthen the ocmponent structurally,-but to inprove the
L functionability so that the migent would qualify for the Hosgri-

'seismic cr'iteria. In their standard ocumercial configurations,
j
' the estimated capacities for these ocxnponents is only about 15%

lower than with their respective modifications.

e when based on the same failure criterion, i.e. criterion (2), the
horizontal capacities of the top-braced Type W ard the top-braced

"Five-Star MCC are consistent with one other. When cxmpared with
the BNL results, the capacities of the Type W MCC are higher than
the generic MCC capacities even though the variabilities amannad-
in our study are smaller. 'Ihis is expected We our study con-
sidered only a plant-specific MCC and did not attenpt to address a .

broad (and potentially diverse) range of motor cwbul centers.
'Ihe agreement among our mase II evaluation, the UNL tests, and
tas INL generic study is encouraging because a high degree of i
consistency in the ZPA capacity and variabilities was observed. +

similar consistency in ASA capacities, however, is not inenadiately
apparent. 'Ihis is likely a result of the large variability in the
characteristics ard shape of the test response spectra used in
each individual study. It suggests that while spectral accelera-
tion is arguably a more reasonable descriptor for the seismic
fragility, the current definition of ASA (i.e. a simple average of

1
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sp=/uul' response over a defined frequency range) might not ha
~

totally adequate.

e with one exception' (the medium-voltage switchgear), all of the
myc.stus considered in both our Phase I a:d Ihase II evaluations
were qualified in their standard camercial configurations or with
only relatively minor modifications. 'Ihis result suggests that
the seismic capacity of like equipment in other plants could be
markedly improvul, . if mry, through similar nodifications.

i Note for. each cuycieit that particular enphasis was placed on
rigid m unting conditions.

a detailed evaluation of high-level qualification data can suggeste
mycisit modifications that may significantly increase seismic-

capeity, or areas of enphasis in seismic margins reviews. j

However, it is also important to keep in mind that a " bottom-up" anew- i
ment of seismic capacity (i.e. fragility level estimated from HCIPF '

capacity) as applied in this. evaluation suggests that median capacity
in m aaa with uncertainty, which is clearly non-conservative. Conse-
quently, extreme care must be exercised in selecting the uncertainty
paramears used to infer the " actual": fragility level of a ocmponent.
Unfortunately,, the information en=n to select these parameters is --

often not available frun existing data, in which case the HCIPF-derived
fragility h 3ptions have a high degree of inherent unocrtainty. For
certain high-capacity couponents, this unocrtainty may be tolerable if
only a " lower bourd" fragility-(a HCLPF capacity, for exanple, or a
95% fragility curve) is needed for regulatory decision-making or is
adequate for PRA applications. 'Ihis may be true, for exanple, for'the ,

Diablo Canyon conponents considered in this evaluation. In general,
however, this uncertainty implies a " top-down" approach - estimatirg
HCLPF capacities frcxn measured fragility levels - is still preferable
to as e m ing seismic performance when a detailed fragility description
it: desired, particularly for a low-capacity component.

I
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~ Table 5.1- Seismic fragilities of ocuponents considered in Phase I
evaluation, ep*wi in terns of local ZPA at the
w p -nt base,

v v
ocmponent A g p, s Modifications<

g o

Medium-voltage 3.9g 3.99 0.09 0.18 e Stiffener plates added
switchgear to frame structure ,

o Potential transformer '

removed from tcp

e Flexible joint inserted
at entry of overhead
bus duct.

e 'Ibp bracing added

e Rigid base mcunting
_

Ibtential 4.2g 5.3g 0.09 0.18 e Stardard camercial
Transformer item

o Rigid base mounting

Safeguard 4.2g 5.3g_ 0.09 0.18- .e Standard commercial
Relay Board item

o Rigid base mountirg '

Emergency Light 4.2 5.3 0.09 0.18 e Steel straps added
Battery Pack across battery tops;

straps bolted to
mounting shelf

Balance-of-Plant 3.9- 1.7 0.09 0.18 e Stardard commercial
' Batteries ard batteries
Racks

e Bracing ard side rail
shims added to rack

v
L Notes: A median seismic capacity, horizontal direction=

H

k=medianseismiccapacity,verticaldirection

[ .
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Table 5.2 Seitanic fragilities of c.ui@%nts considered in Ihase II
evaluation, expressed in tens of local ZPA and ASA at
the wiWwit base.

v v v v
. Cuip==it A A 8 E Or' Ou

M dificationn-
H V H V

| 2.3g 1.7g 8.0g 4.lg 0.09 0.18 e 'Ibp braces added in
F-B direction'

Type w Mac ---

2.6g 1.7g 9.lg 4.lg 0.09 0.18 e 'Ibp braces added in
F-B direction

| e Seismic clips added
I to draw-out units.

2.3g 2.2g 8.0g 4.2g 0.09 0. M e Standard ca mercial
item

. Fan cooler motor
l~

controller

| 2.6g 2.2g 9.lg 4.2g 0.09 0.18 - e Mechanical interlects
between high- and low-
speed contacts

local starters 3.lg 3.lg 12.4g 12.4g 0.09 0.18 e Standard c m mercial
LPF36,.LPF37 item

Incal starter 3.6g 2.0g 14.4g 4.8g 0.09 : 0.27 o Standard cmmercial
IIG66 item

|

median seismic capacity, horizontal direction (ZPA)Notes: =
H

median seismic capacity, vertical direction (ZPA)=
y

| . H
median seismi capacity, horizontal direction (ASA)S =

v 's = inedian seismic capacity, vertical direction (ASA)q

|

I
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To demonstrate how "high-level" qualification test data can be used to estimate the ultimate seismic capacity of nucleari,

power plant equipment, we assessed in detail various electrical components tested by the Pacific Gas & Elecuic Company .
for its Diablo Canyon plant. As pan of our Phase 1 Component Fragility Research Program, we evaluated seismic

|< ~ fragility for five Diablo Canyon components: medium voltage (4kV) switchgear, safeguard relay board; emergency light
battery pack: potential transfe mer, and station battery and racks. This repon discusses our Phase 11 fragility evaluation
of a single Westinghouse Type W motor control center column, a fan cooler motor contmller, and three local staners ati

|: the Diablo Canyon nuclear power plant. These components were seismically qualified by means of biaxial random

L motion tests on a shaker tabte, and the test response spectra formed the basis for the estimate of the seismic capacity of
| L the components. The seismic capacity of each component is referenced to the zero period acceleration (ZPA) and, in our ;
! Phase 11 study only, to the average spectral acceleration (ASA) of the motion at its base. For the motor contml center, the

seismic capacity was compared to the capacity of a Westinghouse Five StarMCC subjected to actual fragility tests by
LLNL durmg the Phase I component Fragility Research Program, and to generic capacities developed by the Bmokhaven
National Liboratory for motor control centers. Except for the medium voltage switchgear, all of the components,

l' considered in both our Phase I and Phase 11 evaluations were qualified in their standard commercial configurations or
L with only relatively minor modifications such as top bracing of cabinets. The results of our study suggest for the

components considered (1) a high degree of commonality exists with similar equipment in plants located in regions
relauvely low seismicity, and (2) that the equipment in low-seismic zone plants should have ultimate seismic capacities
- well above either current qualification requirements or new requirements that might come about as a result of NRC
. resolving the Charleston canhquake issue.
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