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1. INTRODUCTION

Jack R. Benjamin and Associates, Inc. (JBA) was retained by Lawrence
Livermore National Laboratory (LLNL) to perform & review of the fragility
analysis of the structures and components at the Mi,:stone Unit 3 Nuclear
Power Station. The fragility analysis was performed by Structural
Mechanics Associates (SMA) for Northeast Utilities Service Company (NUSCO)
(Ref. 1). A previous reviaw by JBA of the fragility amalysis originally
used in the Millstone Unit 3 Probabilistic Safety .tudy (referred to as the
Millstone PSS) 1s documented in Reference 2. In regards to the original
seismic fragility analysis, JBA recommended that the fragility parameters
should be recalculated to eliminate excessive conservatisms and to correct
errors which had occurred. In addition, it was recommended that after the
plant is completad, a review should be conducted to determine 1f any non-
safety related structures or components could fail, fall, and impact the
safety-related items in the plant.

In response to the first recommendation, NUSCO retained SMA to perform
a reanalysis of the seismic fragilitias., which are documented in Reference
1. This report presents our review of the revised analysis.

1.1 SCOPE

Jack R. Benjamin and Associates, Inc. has performed similar reviews of
the Indian Point Probabilistic Safety Study (IPPSS) (Ref. 3) and the Zion
Probabilistic Safety Study (ZPSS) (Ref. 4). (See Reference 5 for the IPPSS
review. The ZPSS has not been published.) Based on experience gained from
the initial review of the Millstone PSS and the IPPSS and ZPSS reviews, the
evaluation of Reference 1 was conducted in a short time period in order to
quickly determine the adequacy and accuracy of the results and to make
recommendations based on the findings. In contrast to the previous reviews
of the IPPSS and ZPSS which consisted of an in-depth evaluation of each
section and subsection, this review focused only on critical components and
{ssues which may impact the results.

Consulting Engineers

1-1 Jack R. Benjamin & Associates, Inc. :j

e



JBA 105-045
May 4, 1984

This review consisted of reviewing Reference 1 and studying the
calculations provided by NUSCO which document the development of the
fragility parameter values. The new fragilities were developed only for
the safety-related structures and for comjonents with median ground motion
capacities less than 1.5g. Note that all capacities cited 1n this report
are referenced at the free-field ground surface level. The results of the
original analysis were used to screen the components and cnly the low
capacity ones were selected for reanalysis. We agree that this is a
reasonable approach since the original analysis is excessivoly
conservative. However, it 1s implicitly assumed that components with
median capacities greater than 1.5g do not contribute significantly to core
melt or risk.

The revised hazard znd systems analyses were not reviewed. It is
assumed that the NRC wil)l evaluate these analyses in their entirety.
Because of the overlap between the fragility analysis and the hazard and
systems analyses, Amendment 2 to the Millstone PSS was quickly read. Based
on this reading, we question whether the 5.3 to .6.3 range on earthquake
magnitude that is assumec in the fragility anmalysis in Reference 1 is
realistic. The implications of a higher range is discussed in Chapter 2.
Also, we do not believe that the systems fragility curves and the hazard
curves have been properly integrated. The mean annual frequency o1 core
melt value of 1.7 x 105 seems high. This concern was communicated to the
NRC 1n a telephone conference call on April 19, 1984.

In Chapter 2, the effect of earthquake characteristics on fragility
calculations is discussed. In this chapter, the effect of earthquake
duration and magnitude are considered. This has been a troublesome
philosophical (and practical) problem in previous PRA studfes. The
approach used in Reference 1 is different from other PRAs. An evaluation
of the current approach in relationship to previous procedures for handling
this issue is given. Also, the effect of using a site-specific response
spectrum shape and the relationship between peak ground velocity and peak
ground acceleration are discussed in Chapter 2. This latter issue is
important to the structure sliding analyses and the resulting median
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capacities. In Chapter 3, the fragility analysis is addressed. General
comments are given and the results of our review of specific structure and
component fragilities are provided. Finally, Chapter 4 gives conclusions
and recommendations based on the findings of our review.

1.2 QYERALL METHODOLOGY

The methodology used in Reference 1 to develop seismic fragility data
is appropriate and adequate to obtain a realistic estimate of structure and
component fragility. In general, we believe that more representative
capacity values have been developed in the revised analysis as compared to
the original fragility analysis. We have some specific concerns as
discussed subsequently in this report.

As discussed in Chapter 3, some revisions to the methods have been
made, which has improved the analysis approach. The following three issues
have been considered in Reference 1 in a different manner as compared to
past seismic fragility analyses. Comments concerning these issues are
given below.

e Design and construction errors
e Lower-bound fragility cut-off
e Correlation between failure modes

Design and Construction Errors

The issue of design and construction errors {s discussed in Ref.rence
1. As in other PRAs, this type of error is not generally included in the
fragility calculations. However, in contrast to other FRA reports, it is
stated that there 1s the possibility that unident!fied design and
construction errors may exist which can affect the seismic capacity. This
recognition 1s important, although not much data is available to explicitly
incorporate this effect in the analysis. This is an important area which
fs 1n urgent need of research.
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Lowar-Bound Fragility Cut-0ff

A mathematical procedure for establishing a lower-bound cut-off on
fragility curves is given in Reference 1. The method is reasonable, but 1s
based on engineering judgment without any vata to support the values used.
In Amendment 2 to the Millstone PSS, it is stated that components were
eliminated from the systems analysis 1f the acceleration capacity at two
standard deviations below the median capacity is greater than 0.8g. In
Table 2.5.1-1A in Amendment 2 to the Millstone PSS, the 37th (last)
component 1isted (i.e., the steam generator tubes rupture) {is the only
component which satisfies this criterfa and hence could be eliminated. For
the Millstone 3 reanalysis, this cut-off issue is not of any practical
significance, since it appears not to have affected the analysis.

Correlation Setween Failure Modes
The issue of correlation between failure modes is discussed in

Reference 1. We have raised this issue in our review of past PRAs.
Although correlation has been treated conservatively in the past, it is
important not to ignore potential unconservative situations which may arise
in future PRAs. It is stated in Reference 1 that consideftion should be
given to possible correlation between controlling seismically=-1induced
failure modes. In a quick reading of Amendment 2 to the Millstone PSS, we
saw no evidence that this issue had been considered. We trust that the NRC
will investigate this concern as part of their review of the systems
analysis.

These concerns and other general philosophical concerns from past PRA
studies also apply to the Millstone PSS. Reference 5 discusses these
issues in depth based on the review of the IPPSS. The reader {is directed
to Section 2 of Appendix A of Reference 5 for a general discussion of these
concerns.

1-4 Jack R. Benjamin & Associates, Inc. '3 d
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2. EARTHOUAKE CHARACTERISTICS EFFECTS ON FRAGILITY

2.1 EFFECT OF EARTHOUAKE MAGNITUDE AND DURATION

It has been generally recognized that the use of instrumental peak
gre'nd acceleration is an ineffective basis to predict the damage potentfal
of earthquake ground motion. Other factors, such as the number of cycles
and frequency content of ground motion are also important. As a result, an
effort has been made by SMA to account for these additional factors in the
development of seismic fragility curves for structures and equipment. As
new PRAs are performed, SMA has attempted to improve the procedure to do
this. The Millstone PSS is the most recent attempt to do this.

Background

As background to the review of the Millstone fragility analysis, a
brief review is given of previous attempts to develop a damage effective
ground motion parameter. This {s an area of ongoing development, that is
at times troublesome and difficult to understand.

) ¥

The Zfon (ZPSS) and Indian Point (IPPSS) PRAs (Refs. 3, 4) were the
first attempt to define a damage effective ground acceleration which was
applied in a seismic risk analysis of a nuclear power plant. In developing
a damage effective acceleration, two steps were taken. First, an effective
peak accelsration (EPA) was defined which was an acceleration value that
could be used to scale a broad-band response spectrum (e.g,. WASH 1255
spectrum (Ref. 6)) such that the predicted spectral accelerations in the
frequency range 2 to 10 Hz are consistent, in a median sense, with speactral
levels of real earthquakes in the earthquake magnitude range of interest.
As indicated 1n Reference 4, the EPA value is dependent on earthquake size.
For small magnitude events, the EPA {s significantly less than the
instrumentally recorded peak acceleration (IPA). This is due partially to
the fact that smaller magnitude earthquakes have narrow, peaked response
spectra and short durations. For large magnitude events, which have a
broad response spectrum shape, the effective peak acceleration would equal
the IPA. Anchoring a broad-band response spectrum shape to an EPA provides
an elastic response spectrum that is median centered in the 2 to 10 Hz

frequency range.
201 Jack R. Benjamin & Associates, Inc. :3 y
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To determine a median-centered, broad-band spectrum, SMA recommended
in the Zion and Indian Point PRAs that the EPA be equal to

EPA = 1.25 ® A3F (2.1)

where A3f is the third-highest peak acceleration or sustained acceleration
in a low-pass filtered acceleration record. Frequencies beyond 9 Hz were

eliminated. Implied in equation 2.1 is the assumption that earthquakes
that contribute to failure are small to moderate size events (i.e.,
5.3 < Mg 6.3).

In the next step, the elastic response spectrum is modified to reflect
1ts potential to damage structures or equipment with natural frequencies in
the 2 to 10 Hz range. The basis for this second step is the fact that in
order for damage to occur, a structure or equipment item must experience
multiple cycles of response. Consequently, for small magnitude earthquakes
that have relatively short durations, the expected a.ount of damage is
small, and thus the elastic response level would be significantly rthcod.
For large magnitude events, which last longer, 1ittle or no modification is
required, according to the Zion method.

In order to estimate the damage potential of earthquake ground motion,
a damage effective acceleration wa: defined as,

EPA
*F
= 1;25 - ABF (2.2)

where the factor F 1s a function of earthquake magnitude and duration, and
the level or type of damage. The intent of the F factor is to account for
the less damaging effects of small earthquakes by effectively reducing the
intensity of ground motion that is input to a structure. At the time the
Zion and Indian Point studies were done, only limited information on the
possible values of F was available. It was felt by SMA that F would 1ie in

2-2 Jock R. Benjamin & Associates, Inc. '3 ¥
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the range of 1 to 3. Thus, a single value of 1.25, reported to be
conservative, was used. This resulted in Ap = A3f, and the need to shift
the seismic hazard curves by a factor 1/1.25 to sustained acceleration
values where they had been defined in terms of sustained peak
accelerations.

With respect to the approach used in the ZPSS and IPPSS, a number of
comments are given. First, the definition of effective peak acceleration
1s based on the use of a broad-band response spectral shape, which when
anchored to the EPA gives the median spectral acceleration in the 2 to
10 Hz frequency range. For Zion and Indian Point, the median spectral
shape in Reference 6 was used by SMA. As a result, the definition of EPA
is strongly dependent on these factors, and would presumably change, 1f a
different broad-band spectrum was used, or a different frequency range were
considered. Estimates of EPA are therefore relative to these factors. If
a magnitude-dependent spectral shape is used, the estimate of an EPA would
be different. This is discussed later in this section.

In support of equation 2.1, SMA has reported the results of a study
where the response spectra for twelve earthquakes were compared to WASH
1255 broad-band response spectra anchored to an EPA as defined in equation
2.1 (Ref. 7). Although the visual comparisons in Reference 7 appear
convincing, statistical analyses were not conducted to empirically define
an appropriate EPA relationship. There is an implied modeling uncertainty
in this approach, since more realistic approaches could have been used to
determine a definition of effective peak acceleration.

In comparing actual earthquake response spectra to broad-band spectra
scaled by an EPA, the mean plus one standard deviation WASH 1255
amplification spectrum was used by SMA in their analysis (Ref. 7). It
would have been more appropriate, in our opinion, to have used the median-
centered amplification spectrum. As a result, there {s some doubt in our
minds as to the appropriateness of equatfon 2.1 to estimate an EPA, and
thus there may be a bias in the 1.25 factor. The arguments given by SMA
are less convincing without the benefit of a statistical analysis to

2-3 Jack R. Benjamin & Associates, Inc. ii :
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From Reference 7 we note that the estimate of effective peak
acceleration is explicitly defined for frequencies less than 8 Hz, whi'e
the Zion and Indian Point studies assume an applicable range of 2 to 10 Hz.
This appears to be inconsistent.

Follewing tlie Zion and Indian Point studies, the Limerick Severe
Accident Risk Assessment (Limerick SARA) was published (Ref. 8). In this
study, the results of research work were used to revise tie seismic risk
model. Ground motion intensity was expressed in terms of effective peak
acceleration and a broad-band response spectrum (Ref. 6). However, in
performing the seismic risk calculations, the seismic hazard curves were
snifted to convert from EPA to Ap = Agp. Thus, an adjustment {dentical to
that in the ZPSS and IPPSS was made, suggesting the F factor ir equation
2.2 was again taken as 1.25.

However, in the Limerick SARA an Earthquake Duration factor of 1.4 was
incorporated in the fragility analysis to account for the less damaging
effects of small magnitude earthquakes. The earthquake duration factor has
the effect of increasing structure capacities, when the size of the
expected earthquakes is small, as opposed to decreasing the hazard, by the
1/F factor given in equation 2.2. It was concluded in our review (Ref. 9)
with concurrence by SMA, that the F factor in equation 2.2 and the
earthquake duration factor included in the fragility analysis accounted for
the same phencmena, and therefore only one factor should be used. On this
basis we conclude that for the methodology used in the Limerick SARA, the
earthquake ground motion hazard is more appropriately characterized Uy the
EPA as defined by equation 2.1, keeping in mind that the factor on A3f is
sti11 a function of earthquake magnitude.

In summary, the F factor previously used to shift the accelerations 1in
the seismic hazard analysis, was incorporated in the seismic fragility
analysis for Limerick, as an earthquake duration factor. When the
earthquakes that contribute to risk are small, then the duration factor
serves to increase the capacity of structures, because of the less damaging

24 « .« R Benjcmin & Associates, Inc. i
Consulting Engineers %




R e o, P, s e Ll e SRS b AL -

JBA 105-045
Ihy 4, 1984

effects of smaller, shorter duration earthquakes. The median value of this
factor as used by SMA was 1.40 based on work reported in Reference 10.

This represented an increase from the previous value of 1.25 used in ZPSS
and IPPSS. In our review of the Limerick study (Ref. 9), we generally
agreed with this approach, but felt the factor of 1.40 may be too high.

Generally speaking, the Limerick SARA study represented an improv.ment
in the seismic risk analysis. Detailed comments on this method are
provided in Reference S.

Millstone PSS

The latest effort by SMA to establish a realistic ground motion
characterization and seismic fragility mode! was performed for the
Millstone PSS (Ref. 1). This approach {s summarized beiow, followed by
review comments. Based on the work reported in Reference 10, a procedur?
somewhat different from that used in previous PRAs was developed. In terms
of the seismic hazard, peak ground acceleration was used to characterize
the intensity of ground motion. In addition, a magnitude-dependent
response spectrum shape, developed by LLN. (Ref. 11) was used, rather than
the WASH 1255 broad-band spectrum. Oiscussion of the magnitude-dependent
spectrum s given in the next section. A response spectrum shape
corresponding to earthquakes with magnitudes 5.3 to 6.3 was selected, which
according to the seismic hazard analysis in Appendix 1-8 to Amendment 2 to
the Mill1stone PSS was the range of earthquake magnitudes that contributed
ts accelerations around 0.17g, the SSE level. This {s troublesome, since
the accelerations that contribute to the mean frequency of core melt appear
to be much higher. Whether it can be assumed that earthquakes of this size
are the dominant contributors to failure, 1s discussed later.

As discussed above in regards to the ZPSS ana IPPSS, the
characterization of effective ground acceleration was defined relative to
the frequency range of interest, a WASH 1255 broad-band spectra, and
earthquake magnitude. In the case of Millstone, rather than using a broad-
band spectrum, a magnitude-dependent spectrum was salected. As a result,
the definition of effective peak acceleration used in ZPSS and IPPSS no

245 Jack R. Benjamin & Associates, Inc. ») -
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longer applies. Instead, the effective peak acceleration for a median~
centered, magnitude-dependent response spectrum is the instrumental peak
acceleration. To understand this, recall that in the case where a broad-
band spectrum is used, if large earthquakes are dominant contributors to
risk, then the EPA used to scale the spectrum shape is equivalent to the
IPA. This will be the case since the response spectra of large magnitude
events are also broad-band. The same analogy can be made when a magnitude-
dependent spectrum is used. We therefore agree that peak ground
acceleration s the appropriate parameter to characterize strong ground
motion for the Millstone seismic analysis.

In previous PRAs the effect on seismic capacity of earthquake
magnitude and duration was accounted for by shifting the seismic hazard
curve (e.g.,» ZPSS and IPPSS) or {ncreasing the seismic capacity relative to
an EPA value (e.g.» Limerick SARA). Based on research conducted by SMA
(Ref. 10), larger magnitude earthquakes that have longer durations and thus
produce many cycles of structure response, will exhibit less ductility at
failure than smaller events with short durations, and lower levels of
ground s.aking intensity. In Reference 10, the available or effective
ductility in single-degree-of-freedam systems of various frequencies
subjected to earthquake ground shaking was calculated. The results of this
study provided the basis to estimate an Inelastic Energy Absorption factor
of safety, based on an effective ductilily and the Riddell-Newmark formula.
The effective ductility, u* 1s estimated to account for the influence of
earthquake magnitude and duration. In this approach, the following
formulation was used by SMA:

u* = 1.0 + Cp (u=- 1.0 (2.3)

where the factor Cp s a function of earthquake magnitude and is the
structure ductility ratio. For earthquakes in the range 4.5 to 6.0, Cp was
given as 1.4, suggesting the effective ductility 1s higher for small
magnitude events. For large earthquakes, Cp = 0.70, which gives a lower
effective ductility.

2-6 Jack R. Benjamin & Associates, Inc.
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As indicated earlier, the magnitude range 5.3 to 6.3 was assumed to
make the greatest contribution to risk, thus a Cp value of 1.3 was assumed.
This value was subjectively selected to reflect the slightly higher
magnitudes that are expected. A quantitative basis was not given to
support this value.

A brief review was conducted to assess the adequacy of the analysis
procedure used in Reference 1, and to evaluate the parameters used in the
analysis. Overall, the approach used in the Millstone PSS represents an
improvement over past PRAs. Based on a preliminary review of the Inelastic
Energy Absorption factor, F , with the incorporation of magnitude/duration
effects, a number of questions or concerns are raised. In addition to
Sections 4.1.2 and 4.1.2.1 of the fragility analysis report (Ref. 1), we
also reviewed SMA's supporting calculations and Reference 10.

The Cp factor in equatiun 2.3 was developed fram data reported in
Reference 10 for two magnitude ranges: 4.5 to 6.0 and 6.5 to 7.5. In
addition, two structure ductilities of 1.85 and 4.27 were considered. SMA
calculated Cp equal to 1.40 for the Tower magnitude earthquakes and 0.70
for the larger events. We attempted to reprocuce the Cp values SMA
calculated for each magnitude range/ductility pair and were unable to do
so. In one case, our estimate of Cy varied considerably fram that of SMA,
while in other cases small differences occurred. From the four estimates
of Cp, a value for each magnitude range was used in the report. It is not
clear from the calculations how the final values of Cp of 1.40 and 0.70
were determinea. They are not strict averages within each magnitude range,
but appear to be subjectively chosen.

Of greater concern {s the frequency dependence exhibited by the data
in Reference 10. Based on a preliminary assessment, we observe that
depending on the natural frequency of the structure, Cp will vary at low
frequencies, from a value greater than 1.0, implying greater effective
ductility, to less than 1, or less effective ductility, for higher
frequency structures. This observation 1s independent of both magnitude
and ductility ratio. Intuitively, this appears reasonable since we expect

Jack R Benjamin & Associates, inc. ®) -
2-7 Consulting Engineers [




JBA 105-045
May 4, 1984

a structural system to respond 1r an oscillatory manner, consistent with
1ts natural frequency, in an earthquake. As a result, it is reasonable to
expect that high frequency structures and components will experience many
more cycles of response than structures with lower natural frequencies for
the same amplitude and duration of ground motion input. Consequently,
lower effective ductilities for higher frequency structures are
anticipated. This can have a significant impact on the estimate of the

ef fective ductility. It should be noted that the total impact of this
observation 1s dependent on magnitude and the ductility ratfo. To
11lustrate this relationship we estimate that for structures with natural
frequencies of 2.14 Hz and ductilities of 1.85 and 4.27, CD should be
greater than 1.0 for large magnitude earthquakes, as opposed to 0.70 as
suggested by SMA.

As a general concern, only 10 earthquake records were used to estimate
the Cp values in the Milistone PSS. This fs a relatively small sampie set
to effectively estimate the magnitude/duration dependence of Cp. This is
apparent in the fact that the entire magnitude range is not fully
represented (1.e., magnitudes 6.0 to 6.5 are not included, and only two
large magnitude ranges could be considered). In addition, for an
earthquake of a given magnitude, there {s considerable variability in the
duration of ground motion that can be expected (Ref. 12). As a result, the
true variability in Cp is large. Consequently, we feel the available data
set provided in Reference 10 is not adequate to fully characterize an
effective ductility.

To estimate the var‘ability fur the inelastic energy absorption
factor, F , 1t was assumed that there is a 1% chance of F being less than
1 for Cp = 0.70. On this basis, an estimate of £C, the composite
variabi11ty was derived by SMA. In principal, we do not agree with this
approach to estimating varfabilities since 1t suggests that the assumed
lognormal distribution s correct and can be used to prescribe what the
varfabil1ty gught tu be. Furthermore, it tends to combine the notions of
randomness and uncertainty, which in principal are different. However, we
recognize the problems encountered in estimating variabilities, ifncluding a

2-8 Josh Sonemin 8 Assisin.ne. B) .
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lack of data to estimate £g and the concern that unreasonable frequencies
of failure are estimated by the lognormal model at low ground
accelerations. As a result, the analyst attempts to constrain the model by
fixing the lower tail. In some ways, the engineer is forced to l1ive with
the lognormal mode! and the unrealistic values it predicts, particularly
wher there is large uncertainty, 8y, in his estimate. This is one example
where the lognormal model breaks down by being overly conservative. In
general we feel that the engineer should utilize the available data and his

judgment tc estimate SR and 8y separately.

An important assumption made in the fragility amalysis is that the
earthquakes which are dominant contributors to core melt are in the
magnitude rznge 5.3 to 6.3. It {is reported in the seismic hazard analysis
that accelerations around 0.17g are produced by earthquakes of about
magnitude 5.6. However, the chance of core melt may be dominated by
accelerations greater than 0.70g. Of greater importance is to know the
size of earthquakes that contribute to these levels of ground shaking.
Results for the Limerick PRA indicate that the average magnitude will
consistently increase for increasing acceleration. As a result, we expect
that the average earthquake magnitude that contributes to plant risk may be
6.0 or greater. This would suggest that the duration of ground shaking
will be longer than {s assumed in the fragility analysis. Thus, the
available ductility will be less. Similarly, the magnitude-dependent
response spectrum shape which 1s applicable in the 5.3 to 6.3 magnitude
range may not be appropriate.

Canclusion

1. We agree that the magnitude-specific response spectrum should be
anchored to IPA.

2. The effective ductility is an appropriate concept, but in addition
to depending on magnitude it is also frequency-dependent. We
recanmend that the dependence of the effective ductility on the
natural frequency of structures be taken into account. This
influence may have a significant effect on the effective ductility

for structures and components with high natural fraquencies.
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3. If the average magnitude of earthquakes which contribute to risk
are greater than 6.3; then effective ductilities will be lower and
a different response spectrum shape should be used.

2.2 RESPONSE SPECTRUM SHAPE

In the Millstone PRA, a magnitude-dependent response spectrum shape
was used to characterize the intensity of ground motion. This step is a
change from other PRAs where a broad-band spectral shape has been used.
When using a magnitude-dependent response spectrum the definition of
effective peak acceleration changes as a more realistic spectral shape is
considered. In this section we review the response spectra and compare it
to other spectra available for the site. An evaluation of the site spectra
with respect to 1ts influence on the fragility analysis was conducted. It
is our understanding that the NRC {s performing a critical review of the
seismic hazard analysis, including the magnitude-dependent spectrum.

The response spectrum shape for earthquake magnitudes in the range 5.3
to 6.3 developed in Reference 11 for rock sites was used. Figure 2-1 chows
this spectra with the Millstone design spectra for 10 percent damping. The
procedure described in Reference 1l to convert the 5 percent damped
spectrum to 10 percent damping was used. Each spectrum in the figure is
scaled to 0.17g, the SSE level. Also shown in the figure is the WASH 1255
broad-band response spectrum.

In addition to these spectra, LLNL (Ref. 13) has conducted a new
seismic hazard analysis for the Millstone site. In Figure 2-1, the 1000
year return period spectral shape scaled to 0.17g 1s shown.

Based on the comparison in Figure 2-1 we find that the magnitude~
dependent spectra are generally higher than the design spectra for
frequencies greater than 5 Hz. Among these, the most recent spectra
developed by LLNL has the highest spectral level. At frequencies less than
5 Mz, the design spectrum exceeds the site-specific spectrum, with the
greatest varfations occurring at frequencies less than 2 Hz.

Consulting Engineers
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In comparison to the WASH 1255 broad-band spectra, the LLNL site-
specific spectra both have higher spectral levels at frequencies beyond
5 Hz. In the 2-5 Hz region, the WASH 1255 1s higher.

The impact of these spectra on the fragility analysis are summarized
in Table 2-1 in terms of their ratfo to the Millstone design spectra, for
frequencies corresponding to the Control Building, Auxiifary Building. the
Containment Crane wall, Emergency Generator Enclosure, and tre Engineering
Safety Features Building. These results indicate that the latest spectrum
developed by LLNL has considerably higher spectral levels than the
Millstone design spectra.

2.3 YELOCITY/ACCELERATION RELATIONSHIP

As part of the seismic fragility analysis for structures (@0.g.»
Control Building) and equipment {tems (e.g., OWST), the resistance to
s11ding was evaluated. In predicting sliding displacements due to ground
shaking an approximate approach developed by Newmark was used. In
Chapter 3, comments are provided on the analy=is technique itself. In this
section, comments are given on the ground motfon characterization aspects
of the sliding analysis, as described in Sections 4.1.1.7 and 4.1.1.8 of
the SMA fragility report (Ref. 1).

Briefly, the Newmark approach predicts the amount of sliding
displacement due to a single acceleration pulse. Based on the relative
displacement that is needed to cause failure of buried piping, a
relationship was derived to estimate the capacity in terms of peak ground
acceleration (e.g., equation 4-9 in the fragility analysis report).
Equation 4-9 relates the sliding displacement to the coincident ground
velocity and ground acceleration. Based on peak ground motion estimates
made by Newmark (Ref. 6), a relatifonship between peak ground velocity (PGY)
and peak ground acceleration of 28 in/sec/g was assumed. From this, the
s11ding displacement was expressed in terms of peak ground acceleration.

2-11 Jack R. Benjamin & Associates, inc. ®) -
Consulting Engineers L




JBA 105-045
May 4, 1984

From a review of Reference 6, the 28 in/sec/g ratio was based on four
horizontal ground motion records at two stations during the 1971 San
Fernando earthquake. The use of only two stations from the same earthquake
in our opinfon is inadequate. Also, the use of the two horizontal
components from a single station s {nappropriate, since these acceleration
traces are correlated. SMA used these four data points to estimate the
variability of the PGV/g ratio and thus is equally inappropriate. To
establish an estimate of the median acceleration capacity corresponding to
a displacement 1imit, the peak ground veiocity is assumed to occur in the
same cycle as the peak acceleration. In general, this is not the case,
although the PGV may occur near the PGA within a few cycles. In fact, the
joint occurrence of ground accelerations and velocities 1s random, thus
there 1s a distributica of possible velocity/acceleration pairs that can
occur.

Because of the different ground motion attenuation properties between
the eastern and western U.S. it 1s not clear that waveforms expected in the
east will have the same characteristics as those in the west. This is
particularly true for large magnitude, distant events that could produce
high velocities and low accelerations.

As part of this review, data for rock sites in the western u.S.
reported in Reference 13 were used as the basis to estimate a peak ground
velocity to acceleration ratfo. For a total of 15 data points, the
estimated mean value was 24.6 in/sec/g with a corresponding logarithmic
standard deviation of 0.39. This compares to the 28 in/sec/g mean value
and 0.31 standard deviation used by SMA.

As a further comparison, the results of the LLNL probabilistic seismic
hazard analysis for Millstone (Ref. 11) were used to estimate a PGV/PGA
ratio for annual frequencies of 5x10=3, 1x10~3 and 2.5x10-4. For these
three values, a mean value of 64.6 in/sec/g was obtained. Although this
estimate 1s considerably higher than the value used in the PRA, it should
be noted that this is not an entirely appropriate comparison. The hazard
analysis for PGA and PGV were conducted 1 ndependently, therefore the
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correlation between PGA and PGY was not preserved. However, this result
indicates a possible upper bound.

In our opinion, the value of 28 in/sec/g used in the PRA is reasonably
consistent with data recorded in the western U.S. However, it is
recommended that this value be looked at from the perspective of the
expected ground motion in the east. We also feel the varfability in this
factor 1s underestimated.

i Jock R. Benjamin & Associates,inc. B) -
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TABLE 2-1. SPECTRAL RATIOS (10 Percent Damping)

Frequency NASH 1255 SS(OLD)*  SS(NEW)
Building (Hz) MDS MDS

Control Building 8.3 1.08 1.20 1.40

Auxiliary Building 8.8 1.08 1.25 1.46

Containment Crane Wall 5.5 0.90 0.97 1.19

Engineering Safety 12.8 1.18 1.29 1.82
Features Building

Emergency Generator 9.0 1.0 1.30 1.57
Enclosure

# §SS = LLNL Magnitude-Specific Spectrum
MDS = Millstone Design Spectra

Note: SS(OLD) 1s the spectrum used in the fragility analysis.

Jack R. Benjomin & Associates, Inc.
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The focus of the review of the fragility analysis contained in
Reference 1 was directed to the critical components which are significant
contributors to the Millstone PSS. Based on information provided by the
NRC and NUSCO, the following ten structures and camponents were reviewed.

Structures
e Emergency Generator Enclosure
¢ Pumphouse
¢ Control Building
e Engineering Safety Features Building
e Containment Crane Wall

Componeats

4160 ¥ Switchgear

Service Water Piping
Emergency Diesel Generator
RPY Core Geometry

Control Rod Drive Mechanisms

The review of each of these structures and components {s discussed in
Sections 3.2 (structures) and 3.3 (components). Section 3.1 gives general
comments on the fragility analysis.

3.1 GENERAL COMMENTS

The structure capacity calculations are generally more detailed than
previous calculatiuns performed “or sefsmic PRA studies. Except for the
Emergency Generator Enclosure, new response spectrum dynamic analyses of
the major safety-related structures were performed for the seismic PRA
study. The original models developed for the plant design were modified to
reflect median properties. Based on a review of the PRA calculatiors,
evidence of the mode! properties being checked was found. In same cases
(discussed below) the models were changed to reflect the correct
properties. The median response spectrum assumed in the seismic PRA was
used as 1npi to the models, which eliminated the uncertainty of

——
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extrapolating from the design analyses for the structures. Note that new
floor response spectra were not developed; hence, the fragility analyses
for components were performed similar to past PRAs.

Forces from the dynamic analysis were generally distributed to walls
using the computer program WALLDI (SMA proprietary program) wh’zh 1s based
on the stiffness characteristics anc geometry of the structural elements.
Both the new dynamic analysis and the force distribution step are
improvements over previous PRA studies, where forces were generally
obtained based only on the original design analysis results. This new
approach reduces uncertai~ty and should lead to more realistic results
(although the logarithmic standard deviatic~s for uncertainty are as large
or larger compared to corresponding values in previous PRAs).

In contrast to previous seismic PRAs, more systematic checking of
structural elements (1.e., shear walls and diaphragms) was performed. This
provides confidence that the critical strength sections have been found.
Effects of soil pressure on buried walls was considered; although, the
capacity of these walls was not found to be critical.

S11ding analyses were performed for the safety-related structures. In
general, both incipient siiding and displacement sliding capacities were
determined. It was assumed for cases where sliding is not restricted that
a 4=inch displacement corresponds to failure of intarconnecting piping.

The basis for this criterion 13 not knowr. A reference to page DT-48 is
given in the calculations for the Emergency Generator Enclosure; however,
pages DT=39 through D=57 have been deleted from the Demineralized Water
Storage Tank calculations. The basis for the 4-inch disp’acement value
should be justified and reviewed.

An approximate procedure developed by Newmark was used to compute the
s11ding displacement capacity. Resistance to sliding includes friction
between the base mat and foundation, shear keys, and side wall-to-soil
friction. Reduction for the effects of the vertical earthquake component
and buoyancy due to water were also included.
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The Newmark approximate procedure is claimed to be conservative. A
quick comparison of the approach with results fraom nonlinear time history
s11ding analyses indicates that it gives conservative results for a single
s11ding excursion. However, due to multiple sliding excursions, which may
not be evenly balanced to each side of the starting position, a net drift
displacement may occur. In some cases we have found that displacements
using an “exact" approach exceed ‘he values obtained from the Newmark
procedure. The potential for drift is earthquake magnitude dependent.
Since the sliding capacities were calculated to be larger than 1g median,
the associated earthquakes are 1ikely to come from large magnitude, long
duration events, and hence there will be time for multiple excursions to
occur.

An important assumption made in the sliding analysis is the
relationship between peak ground acceleration and peak ground velocity. It
was assumed 1n the seismic PRA that lg corresponds to 28 in/sec. As
discussed in Chapter 2, this value may not be appropr.ate for the Millstone
site. Note that the sliding displacement 1s proportional to the velocity
rafised to a power between 1 and 2, depending on the size of the vertical
earthquake component,

Table 1 1ists the coefficients of friction assumed n the analysis.
These values were not reviewed in detall, although they appear to de
reasonable.

The inclusion of the vertical earthquake component |ikely produces
conservative results. For the 4=inch displacement considered in the
s11ding analysis, the time during which sl1iding will occur 1s approximately
0.3 seconds. In this time period the vertical component may reverse
direction several times and 1ts effect on horizontal sliding would be
minimal.

In conclusion, thers appears to be conservatisms and unconservatisms
which tend to balance out. However, we recommend that the velocity to

———
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acceleration ratio be verified by the NRC since this assumption will have a
major impact on the sliding capacities. Also, justification should be
given that a 4-inch sliding displacement corresponds to the median capacity
for buried piping.

The calculations for the component fragility values appeared to be
more organized and consistent (1.e., between camponents) compared to
similar calculations in previous PRAs. Based on our review, we have
differences of opinion on several aspects of the component fragility
analysis as discussed below. As discussed 1n Section 3.3, we found saveral
small errors.

Factors of safety for earthquake component combinations were develcped
generically and are 1isted in Table 5-3 of Reference 1. Development of
these factors is a complicated task and other engineers are likely to
produce values different from those given in Table 5-3. We attempted to
develop these factors directly ourselves and found that we disagree only
slightly. However, one exception 1s the Fgoc value of 1.25 for Case 4 for
the second design condition in Table 5-3 (corresponding to the situation
when the SRSS value of the responses from the two horizontal directions was
combined absolutely with the vertical component {n the original design).
Note that this design condition apparently applies only to balance of plant
piping since the median SRSS rule was used for all other components. We
calculate a value of 1.15 for this factor which 1s about 10 percent lower
than the value of 1.25 given in Table 5-3.

In regards to the multi-directional effects factor for testing, we
obtain correction factors that are approximately 10 percent lower for bi-
axfal testing (1.e., 0.77 compared to 0.853) and i3 percent lower for
unfax‘al testing (0.64 compared to 0.735). This difference is
statistically small since there {s considerable uncertaincy that the
methods for computing these factors (1.e., ours and theirs) are exact.

In contrast to the development of fragility values for structures, the
uncertainty in response due to uncertainty in frequency 1s treated

—
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generically with logarithmic standard deviation values (which also include
uncertainty in the mode shape) that vary from 0.10 to 0.20. This parameter
should be developed specifically for each component as is done for
strictures. In situations where the median component frequency is close to
a structure's natural frequency, the variability in response can be large
due to uncertainty in the relative relationship between the two
frequencies.

The ductility adjustment factor discussed in Chapter 2 for structures
2150 has been applied to components in Reference 1. This 1s the first time
that capacities of components have been modified for the ef fects of a
duration or a ductility factor. In general, the same comments given for
structures also apply to components.

3.2 REVIEM OF STRUCTURE FRAGILITIES

The results of the review of the fragility calculations for the
Emergency Generator Enclosure, Pumphouse, Control Building, Engineering
Safety Features Building, and Containment Crane Wall are given below.

Emergancy Generator Enclosurs
The following elements were analyzed for the Emergency Generator
Enclosure:

§11ding of the entire buillding

wall footing

S$1ab a* elevation 24 feet

Roof slab

Shear walls (in=plane and out-of=plane)
Diesel generator pedestal stability

The tnertial forces used in the analysis were developed fram the
original design analysis which consisted of a soil-structure interaction
model, and no new dynamic analyses were performed. Forces were distributed
to walls using the program WALLD’ developed by SMA. This structure s
relatively stiff with a fundamental frequency near 9 MWz,

e Jack R Benjamin & Associates, ine. @
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S11ding analyses were conducted to determine the incipfent sliding
capacity (1.e., 0.31g median) and the capacity corresponding to a 4-inch
displacement (1.e., 1.30g median). The resistance against sliding included
friction between the soil and the footings and side walls using 2
coefficient of friction equal to 0.55 (this is based on coarse grain sofl
containing no clay or silt) and the shear capacity of the soil enclosed
between the buried walls. The effect of the vertical earthquake camponent
was conservatively included in the analysis. The 4-inch displacement
criterion corresponds to failure of buried piping as discussed above. The
s11ding analysis was based on the Newmark approximate approach and is
subject to the 1imitations as also pointed out above.

The footings which support the EW direction walls span between the
north wall footing and the vault base mat were the critical structural
elements. Friction between the soil and footings was used to provide part
of the resistance. Apparently a conservative coefficient of friction of
0.45 was used (compared to 0.55 used for sliding of the entire building).
The footing capacity was found to be 0.88g, which appears to be on the
conservative side.

Bumphouse
The following elements were analyzed for the Pumphouse:

e Sliding of the entire building
e Shear walls (in-plane and out-of-plane)
e Diaphragm (at elevation 14 feet)

A dynamic analysis of the Pumphouse using the basic properties
developed in the original design (1.e., masses, stiffnesses, and geometry)
was performed by SMA. Forces were distributed to the walls using the
program WALLDI. This structure is relatively stiff with fundamental
frequencies of 9.5 Hz and 14.8 Hz in the EW and NS directions,

respectively.

3-6 Jack R. Benjamin & Associates, Inc. )
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S11ding analyses were conducted to determine the incipient siiding
capacity (1.e., 0.48g median) and the capacity corresponding to a 4-inch
displacement (1.e., 1.30g median). Only siiding in the westward direction
is considered possible (in the other directions either the structure is
keyed into or butts agains* rock). Only friction between the concrete mat
and the foundation was assumed to resist siiding. A coefficient of
friction equal to 1.1 was used, which was an average value for concrete on
excavated rock or raked concrete fil11 (i.e., coefficient equal to 1.2) and
concrete on intact rock (1.e., coefficient »qual to 1.0). Similar to the
s11ding analysis for the Emergency Generator Enclosure., a 4-inch
displacement criterion was assumed and the s1iding capacity was calculated
using the Newmark approximate approach. However, it was noted that a
1=inch displacement capacity was assumed at minus two standard deviations
below the median, which {s different from the corresponding value of 2
inches assumed in the sliding analysis for the Emergency Generator
Enclosure. This is a minor inconsistency.

The exterior shear walls wera analyzed for both in-plane loads and
out-of-plane fluid and soil loads. The single north wall is the weakest
wall corresponding to a medfan capacity of 1.6g. The diaphragm at the pump
support level was also analyzed and found to have a median capacity of
1.5g. The critical section near the north wall contains numerous openings
which controls the diaphragm capacity.

No mention of the capacity of the roof sl2’ was found. This slab also
has numerous openings. In contrast to the crib house roof slab at Zion,
which was a critical component, the in-plane forces in the diaphragm at
Millstone are resisted by buttresses on the intake side of the building.
Thus 1t 1s unlikely that the roof slab will be a significant contributor.

Control Building
The following elements were analyzed for the Control Building:

e Sliding of the entire building
e Diaphragm

-7 -
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® Roof slab
o Shear walls
e Block walls

A dynamic analysis of the Control Building was performed by SMA. They
found that the structural mass was about 30 percent larger than the mass
used in the original design analysis. This was explained by construction
changes made since the original analysis was conducted. Forces were
distributed to the walls using the program WALLDI. This structure is
relatively stiff with fundamental frequenciss of 8.9 Hz and 8.3 Hz 1n the
EW and NS directions, respectively.

Analyses were conducted to determine the incipient s1iding capacity
(1.@., 0.43g median) and the capacity corresponding to a 2-inch
displacement (1.e., 1.2g medfan). A 2-inch displacement critericn was used
because of potential impact with the turbine building. Shear keys add
additional capacity, which explains in part the 1.2g capacity for only a
Z-inch displacement. (Note that other structures have a 1.3g capacity for
a 4-inch displacement criterion.)

The shear walls were analyzed for in-plane loads. Their capacities
are higher than the 1.0g median capacity for the diaphragm at elevation
64'=6" which is controlled by a section with numerous openings adjacent to
the west exterior wall. A systems ductility ratio of only 1.3 was assumed,
which seems conservative.

The biock walls adjacent to critical safety-related equipment were
analyzed. These walls are reinforced and supported by a steel frame. A
dynamic analysis of a critical panel was conducted by SMA and found to have
a 2.0g median capacity.

Engineering Safety Features Building

The following elements were considered for the Engineering Safety
Features Building:
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e Sliding of the entire building
e Diaphragm
e Shear walls

A dynamic analysis of the Engineering Safety Features Building was
performed by SMA using the basic properties developed 1n the original
design (1.e., masses, stiffnesses, and geometry). Slight discrepancies
were found by SMA regarding the center of rigidity and induced torsional
forces. Modifications were made to the model. Forces were distributed to
the walls using the program WALLDI. This structure is very stiff with a
fundamental frequency of 12.8 Hz.

The strength of various shear walls and the critical diaphragm section
were analyzed and the capacities wers found to exceed 2.0g median ground
acceleration for these failure modes.

The potential for sliding was considered for this building. In three
of the four directions {1t was argued that s1iding was not a realistic
failure mode. In the west direction ({.e., toward the containment), an &
incipient sliding analysis was performed. Because of the high resulting
capacity, only the shear key and support provided by the adjacent
containment base mat were assumed to provide resistance. The high buoyant
force and vertical acceleration component eliminated the friction capacity
petween the soil and base mat. This portion of the analysis appears to be
on the conservative side.

Because the incipient sliding capacity was found to be high (i.e.,
1.7g median), no s1iding displacement analysis was performed.

Containment Crane Wall

A dynamic analysis of the Containment Building was performed by SMA
using the basic properties developed in the original design. Median
properties and seismic input were used to ottain gross forces acting on the
internal structures. A refined model of the internal structures including
the crane wall elements was developed by SMA. F rces from the dynamic

Jack R. Benjamin & Associates, inc. ®) -
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analysis were applied statically to the model. As each element reached its
yleld capacity the model was modified, and an additional incremental load
was applied until the maximum resistance was obtained. A system ductility
ratio of 3 was assumed in the analysis.

The capacity of the crane wall was determined to be 2.2g median ground
acceleration. This is considerably higher than the 0.87g capacity
calculated in the original anmalysis. The revised value is more realistic.

3.3 REYIEM OF COMPONENT FRAGILITIES

The results of the review of the fragility calculations for the 4160 V
Switchgear, Service Water Piping, Emergency Diesel Generator- RFY Core
Geometry. and the Control Rod Drive Mechanisms are given below.

4160 ¥ Switchgear
Both relay chatter and relay trip failure modes were developed for the

4160 V Switchgear, which is located on the base mat in the Control Building
(1.e., @levation 4'=6"), The reiay chatter median capacity of 0.88g is
based on the assumption that chatter will occur at a level 20 percent
higher than the qualification level (based on judgment). The uncertainty
logarithmic standard deviation for this estimate is only 0.08. A value
between 0.2 and 0.4 1s probably more appropriate. We also disagree
slightly with the median factors of safety assumed for earthquake
components and building response spectral shape. In conclusion, we
estimated the median relay chatter capacity to be 0.85 (compared to 0.88g)
with logarithmic standard deviation for randomness and yncertainty to be
0.26 and 0.47, respectively (compared to 0.29 and 0.40, respectively in the
SMA report).

The relay trip capacity is based on generic data developed from the
Army Corps of Engineers shock tests. The extrapolation of this data to
seismic fragility values has been recently questiored (Ref. 15). However,
the capacity for this mode is relatively high (i.e., 3.09g medfan). In
addition, a very large logarithmic standard deviation for uncertainty has
been used (1.e, 0.81). It is unlikely that the median capacity for this

3-10 Jack R. Benjamin & Associates, inc. '3 -
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failure mode is less than 1.5g; although, this conclusion 1s speculative
and not based on any data.

Service Water Piping

The critical failure mode for the service water piping is displacement
failure caused by sliding of the comnecting buildings. Capacities of the
piping within the bufldings is relatively high and failure in the ground
due to wave passage effects in the surrounding soil 1s unlikely at
accelerations in the range of potential sliding failures. The analyses of
the s1iding failure mode for the various safety-related structures are
discussed in Section 3.2.

It {s our understanding that a concrete wall retains soil through
which the service water piping pass between the pumphouse and the pl .t.
Failure of this wall may lead to failure of the adjacent piping. A
fragility analysis should be conducted for this wall.

Emergency Diesel Generator -

The capacity of the Emergency Diesel Generator is controlled b’ the
strength of the lube oil cocler anchor bolts. This component is located in
the Emergency Generator Enclosure at elevation 24'-6". We are unable to
confirm the reasonableness of the fragility calculations since the seismic
stress report (Ref. 16) was not provided with the package of calculations.
This reference is needed to verify the fragility parametsr values.

The soil=structure interaction (SSI) factor of safety was assumed tO
be 1.3. The basis for this value is not given. Since the diesel
generators are supported cn their own foundations separate from the
Emergency Generator Enclosure, a separate design analysis was performed for
them. We speculate that SMA obtained a copy of this analysis and judged
that the modeling of SSI resulted in a factor of safety of 1.3. We have no
other basis to determine whether this value is reasonable.
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RPY Core Gecmetry
The upper support plate was determined to be the weakest element in

the RPY core. A total of seven potential failure modes were evaluated. It
was assumed in the analysis that the code allowable stress corresponds to
fatlure. This assumption acknowledges that the faulted design values allow
significant inelastic deformation. Since deflection 1imits are not
included, 1t 1s assumed by SMA that inelastic deformation does not
constitute a functional failure and that Westinghouse has demcnstrated
satisfactory control rod insertfon at the allowable loads. The only
increase incorporated in the strength factor i{s the difference between
median properties and naminal values used in the design ({.e., a factor
betreen 1.20 and 1.25).

In deve ‘ng the structural response factors a factor of safety is
developed fc v difference between the median ground response spectrum
and the respor. actrum used in the original design. A spectral vaiue of
0.51g was used for che original design value (corresponding to 4.7 Hz at 5
percent damping). Based on Figure 3.7B-6 of the Miilstone Nuclear Power
Station Unit 3 FSAR the value is approximately 0.45g. This difference
lowers the median ground acceleration capacity to 0.87g instead of 0.99g.
No other significant differences were found for this component.

Control Rod Drive Mechanisms

Bending in the control rod was determined to be the weakest element in
the Control Rod Drive Mechanisms. Similar to the upper support plate in
the RPY, the allowable stres. was assumed to be the faflure stress. An
increase of 25 percert was included to reflect the difference between
median properties and the nominal values used in the design.

The same apparent mistake made in determining the structural response
factor for the RPY Core Geometry (see discussion above) was also made for
this component. If the spectral value 1s corrected, the median capacity is
0.88g instead of 1.00g.

3-12 Jack R. Benjomin & Associates, Inc. £ -
Consulting Engineers .




e

Bt a4 s Ml . i @t -

JBA 105-045

May 4, 1984
TABLE 3-1. COEFFICIENTS OF SLIDING FRICTION
ASSUMED IN THE SEISMIC AREA
Condition Coefficient
Concrete against soil with siit and clay 0.45
Concrete against soil without silt and clay 0.55
Smooth concrete against smooth concrete 0.80
Concrete poured against rough concrete 1.00
Foundation against intact rock 1.00
Foundation against excavated rock or raked concrete 1.20
&
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4. CONQLUSIONS AND RECOMMENDATIONS

Based on review of Reference 1 and the supporting calculations we
generally believe that the revised fragility parameter values are
realistic. However, we have found various problems which may affect the
results of the risk analysis. We recommend that the NRC investigate the
impact of these problems on the resulting frequency of core melt and other
risk consequences. From the results of our review we recammend ths
following.

1. NUSCD shouid provide justification that a 4-inch displacement
corresponds to the median capacity of buried piping. This
justification should be reviewed by the NRC.

The NRC should determine {f the range of earthquakes contributing
to the risk analysis are greater than magnitude 5.3 to 6.3. If
this 1s the case, then the effective ductility ratios will be
lower and a different response spectgym shape should be used.
This will result in lower median capacity values.

Because the structures at Milistone have high natural frequencies.,
the dependence of the Inelastic Energy Absorption factor on
frequency should be incorporated into the analysis. NUSCO should
revise their Inelastic Energy Absorption factor estimates to
reflect the frequency charactaristics of the structures. For
estimation purposes, a lower bound on the Inelastic Energy
Absorption factor 1s 1.0.

The NRC should determine 1f the site-specific spectrum used in the
fragility analysis is appropriate. See Table 2-1 and Figure 2-1
for a comparison of different response spectra.

The NRC should investigate the correlation between failure modes
to determine if 1t significantly affects the risk analysis.

Jack R. Benjamin & Associates, inc. P
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The NRC should determine if the velocity to acceleration ratio of
28 in/sec/g is a representative median value for the Millstone
site. If the value is significantly higher, then the structure
s11ding capacities should be reevaluated. A conservative bounding
assumption is that the median capacity is i{nversely proportional
to the square of the velocity to acceleration ratio.

Table 4-1 1ists revised fragility values based on our review. The
impact of these values on risk should be investigated by the NRC.
These values do not include adjustment for the effects of larger
earthquake magnitudes, the effects of the dependency of the
Inelastic Energy Absorption factor on the frequency of structures,
or the effects of site-specific spectra (see Nos. 2, 3, 4 above).

NUSCO should provide Reference 2 and the fragility analysis for
the Emergency Diesel Generator should be reexamined in 1ight of
this information.

NUSCO should perform a fragility analysis for the concrete wall
which retains soil through which the service water piping passes
from the pumphouse to the rest of the plant.

As recommended in our first review (Ref. 2), a study should be
conducted after the plant is completed to determine if any non-
safety related structures or components could fail, fall, and
impact the safety-related items in the plant.

Jack R. Benjamin & Associates, inc. »
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TABLE 4-1. REVISED FRAGILITY PARAMETER VALUES
Camponent./Parameter Revised Yalues Reference 1 Yalues
4160 ¥ Switchgear
(Chatter Failure Mode)
Med{ian 0.85g 0.88g
Sr 0026 0‘29
gy 0.47 0.40
REY Geometry
Median 0.87g 0.99g
Caontrol Rod Orive Mechanisw
Median 0.88g 1.00g
e :
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