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1.0 INTRODtETION

Jack R. Benjamin and Associates, Inc. (JBA) was retained by
- Lawrence Livermore National Laboratories (LLNL) to perfom a review of
the Millstone Unit 3 Probabilistic Safety Studv (referred to as the

Millstone PSS), which was prepared by Northeast Utilities Service
Company (NUSCO), August 1983. The areas reviewed included seismic

fragility, wind, and external flooding. The scope of the review is

discussed in the next section. The final section in this chapter

discusses the overall methodology used to develop the seismic fragility
data and the bases for excluding wind and external flooding. Chapters
2, 3, and 4 present the ruview of seismic fragility, wind, and external

flooding, respectively. Finally, Chapter 5 gives conclusions and
,

recommendations based on the review.

1.1 1GQEE

The review of the Millstone-PSS focused on the following report
~

_

sections which document.the seism 1c fragility, wind, and _ external
,

e flooding analyses:

o Section 1.2.3 External Flooding
,

e Section 1.2.5 Wind

e Section 2.5.1 External Event Analysis
e Appendix 2-I Millstone Unit 3 Seismic Analysis--Structures and

Equipment>

e Appendix 2-J Millstone Unit 3 Probabilistic Analysis of

j Structural and Component Frag 111 ties

Jack R. Benjamin and Associates, Inc. has performed similar reviews
of the Indian Point Probabilistic Safety Study (IPPSS) (Ref.1) and the

'

Zion Probabilistic Safety Study (ZPSS) (Ref. 2). (See Reference 3 for
the IPPSS review. The Zion review has not been published.) Based on
experience gained from the IPPSS and ZPSS reviews, the review of the
Millstone PSS was conducted in a short time period in order to quickly

~

i

'

: Jack R. Benkmin & Associales,Inc.
Consulting Engineers B
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evaluate the adequacy and accuracy of the results and to make
,
.

'

recommendations based on the findings. In contrast to the previous

reviews which consisted of an in-depth evaluation of each section and
subsection of the PRA report, this review focused on critical areas

-which impact the results.

<
.

Dr.
.

- Dr. John W. Reed performed the review of the Millstone PSS. '

Martin W. McCann, .1r. assisted in the review of the external flooding

hazard. One man-a.onth of effort was devoted to the review with'

approximately two days each spent on the wind and flood sections with
;

the remaining time devoted to the seismic fragility analysin.

:

i During the review, a meeting was held with NUSCO to d'iscuss the
findings. It was learned that a reanalysis of the seismic hazard andi

I fragility parts of the Millstone PSS is currently being conducted. The

r reanalysis has not been reviewed and coments in this report are made
only for the infomation given in the Millstone PSS which was submitted'

in August 1983. A tour of the plant site was conducted at the end of
the review. In comparison with other plants, the Millstone 3 structures

and components appear to be properly constructe<1 and supported from a
structural viewpoint. The construction details and appearance of the
plant, support the comments and conclusions made in this report.

! It was assumed in the review that LLNL would be responsible for'

; evaluating the seismic hazard analysis and the systems analysis (i.e.,
event trees, fault trees, and hazard / fragility integration). Since the
overall seismic analysis was not reviewed, the impact of the findings
are discussed in torus of the various component seismic frag 111 ties.

Note that it was concluded in the Millstone PSS that wind and external
flooding are not significant hazards, hence no formal probabilistic

analysis was conducted.

Jack R. Benjamin & Associates, Inc.
| Consulting Engineers D
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1.2 DVERALL METHODOLOGY
;

The overall methodology used to develop the seismic fragility data
and the bases for excluding wind and external flooding are discussed
below.

1.2.1 Saismic Fragility

The methodology used in the Millstone PSS to develop seismic
fragility data is appropriate and adequate to obtain a rational measure
of the probability distribution on the frequency of failure. However,
the application of the methodology is a concern. It is stated in the

calculations and Appendix 2-I that References 4 and 5 were used as the,

basis for the seismic fragility analysis. The approach used in the
't

Millstone PSS is referred to in the PRA Procedures Guide as the " Zion"
method (Ref. 6). However, the method used was not named or justified as

appropriate in the Millstone PSS.

The Zion method has two important features. First, the methodology
_

_

is based on a double lognomal distribution model. Both the
'

distribution on the'redian and the random variation of frequency of

failure are assumed to be lognomal. Secondly, the probabilistic
analyses use the msults from the original design analysis as the basis
for the seismic fragility estimate. The median fragility values are

obtained using the responses and capacities from the design analyses
which are scaled to eliminate conservatisms and variabilities (i.e.,

randomness and uncertainty) and are estimated based on some data, but

mostly on engineering judgment.

It is interesting to note that nowhere in the Millstone PSS report

sections pertaining to the seismic fragility analysis was the word

,
"lognormal" used. Thus, no defense is given why the lognormal model is
appropriate. As discussed in Chapter 2 of this report, there is

considerable confusion since the logarithmic standard deviations'

reported in Appendix 2-I (note they are referred to as randemness and
uncertainty variabilities or beta values) for structurss and equipment

|

Jack R. Ben |omin & Associates,Inc. N
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are incorrectly interpreted as standard deviations. Also, the lognormal
distribution is converted to a Weibull distribution with a lower bound
cutoff at 0.17g. This is philosophically inconsistent since the

fragility analysis incorrectly assumed that the variabilities of the'

various capacity and response parameters are lognomal. It is also not+

clear that 0.17g is the proper cutoff point. Since potsntial design and
j construction discrepancies were not considered in the analysis,'the use

'

| of a lower-bound cutoff is difficult to defend.
!

; As discussed in Chapter'2, many errors in the seismic fragility
I analysis were found. In general, the assumptions which were made are on

the conservative side. The final conclusion is that the analysis is not.

i rational and the frequencies of failure are too conservative. This is

part of the reason why the mean frequency of core melt is 9.4x10-5,
'

which is high relative to the results from other PRAs.

i

i From Section 7.5 (i.e. , Table 7.5.1-2) of the Millstone PSS, the

i mean systems fragility values for core melt were obtained and listed in

Table 1-1. As can be seen from Table 1-1, the frequency of failure is
I very high with a median value approximately equal to 0.3g. Even close
* to the SSE value of 0.17 , the frequency of failure is on the order of 19

in 10. This is not reasonable since Millstone is a newer plant, which

j has been designed to comply with more recent regulations.

In contrast to other PRAs submitted to the USM C to date, the

Millstone PSS reflects new response analyses based on simple single-
; degree-of-freedom (SDOF) models for the buildings. This was done to

rationally evaluate the conservatisms in the floor response spectrum
used in the design analyses. This is consnendable; however, it is not

clear from the calculations whether the effects of the higher frequency
building modes have been properly accounted for in the SDOF analyses.

| A troublesome concern is the question of secondary nonsafety-

! related components failing and falling on safety-related equipment.

I
i

Jack R. Benjamin & Associates, Inc. -

Consulting Engineers
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This issue is not addressed. Also, it is not clear why the Main Steam
Valve b'utiding was not considered in the fragility analysis, since it is

'

a safety-related structure. c

The same general philosophical concerns from past PRA studies,
which were based on the Zion method, also apply to the Millstone PSS.
Reference 3 discusses these 15 in depth based on the review of the

IPPSS. The reader is directed to Section 2 of Appendix A of Reference 3
for a general discussion of these issues.

1.2.2 Mind
It is concluded in the Millstone PSS that wind effects do not

contribute significantly to the risk. As discussed in Chapter 3.0, this

; conclusion is reasonable. The argument for excluding wind is based on
! the hazard at the site and the protection provided by the two-foot-thick

concrete walls and roof elements which form the safety-related

, . structures.' _No fragility curves were developed and a systems analysis
was not perforned.

,

'

-

1.2.3 External Floodino

Similar to wind, it is argued in the Millstone PSS that external
flooding is not a significant hazard to the risk at Millstone. As

discussed in Chapter 4, the arguments given do not provide a rational
basis for excluding flood. Since external flooding was eliminated, no

'

fragility curves were developed and a systems analysis was not
performed.

*Jack R. Ben |omin & Associates, Inc.
Consulting Engineers 9
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Table 1-1. Mean Core Molt Systems Fragility Values

'
Ground Mean Frequency

Accel eration of Failure

0.185 0.087

0.25 0.354

0.35 . 0.706 -

0.45 0.886

0.55 0.958

0.65 0.993

0.75 0.999

0.80 1.000

4

.

i
!

|
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2.0 SEISMIC FRAGILITY j

The review of the seismic PRA analysis focused on the following
sections of the Millstone PSS report:

Section 2.5.1 Seimic Risk Analysis-
Appendix 2-I Millstone Unit 3 Seismic Analysis--Structures and- -

Equipment

Appendix 2-J Millstone Unit 3 Probabilistic Analysis of

Structural and Component Fragilities

In addition to the review of these sections, the calculations for

selected structures and components which are significant contributors to
the frequency of core melt were evaluated. The steam generator was also
included in the review since it was given as a representative example in
Appendix 2-I.

'

|

' '

Section 2.1 presents comments on specific sections of the mport-

,

pertaining to the seismic fragility analysis. Section 2.2 gives the

results o the review of the fragility calculations for selected items.

Finally, Section 2.3 closes the seismic review and gives an estimate of
the general level of conservatism which is contained in the Millstone

PSS fragility analysis.

|

2.1 REPORT SECTIONS

The following comments are directed to specific sections of the
PSS. Page numbers precede each connent to help the reader locate the
arca of concern. Specific comments on the calculations of structure or!

: component fragility data are given in the next section.

Section 2.5.1 Seismic Risk Analvsis

Page 2.5-2: It is stated that failure is assumed to occur if allowable
| load limits established by design codes or functional tests are

exceeded. This is an ' overly conservative assumption; however, the

~

Jack R. Benjamin & Associales, Inc.
Consulting Engineers S
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! fragility calculations in Appendix 2-I did not adhere to this

( constraint, but rather included the energy-absorption capacity beyond i

the yield limit, if appropriate. l

Pane 7.5-3: SR and SU are described as Deing standard deviations. In
fact, they are logarithmic standard deviations. This philosophical-

! error is discussed in more detail below (see consents on Appendix 2-J).
'

Page 2.E-Et It is assumed that the safety-related components designed
to the SSE level will not fail (i.e., probably equal to 1.0) for

accelerations below 0.17g. As concluded below, the fragility curves are

conservative, and the equivalent median frequency of the safety-related
systems, which is between 0.25g and 0.35g, should be roughly a factor of
two to three higher. For higher capacities, this cutoff assumption is

not critical. However, for the analyses documented in the PSS,
| accelerations below 0.17g will contribute noticeably to the mean

frequency of core molt. As discussed in Section 1.2, the lower bound;

cutoff value of 0.17g has not been justified.

Page 2.5-6: Components above 1.llg were excluded fran the fault tree
i since their capacity is sufficiently high such that they do not

contribute significantly to the results. However, if higher capacities

are justified as discussed below, then some of tM excluded components
may become significant contributors.

|
| Paae 2.5-10. Tenninating the analysis at 0.8g is inconsequential for

the low structural capacities developed in the PSS since the mean system
fragility curve corresponds to a frequency of failure of 1.0 at 0.8g
(see Table 1-1 in Chapter 1). However, if higher capacities are used as

discussed below, then the upper bound acceleration cutoff should be
justified on the basis of the maximum earthquake intensities which can
occur.

I

' Jack R. Benjamin & Associales, Inc.
Consulting Engineers D '
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Paae 2.5-11: The assumption that incipient sliding leads directly to
~

failure of interconnecting piping is very conservative. |
|

Pane 2.5-12: The basis for the coueient that structural sliding does not
affect interconnecting piping and cabling is not true. However, the

. incipient sliding condition assumed in the PRA is very conservative (see
cometent directly above). *

Annandix 2-1 - Millstone Unit 3 Seismic Analvsis--Structures and

Equinment

Pane 2-I-6: It is not clear why the variabilities were reduced on a

selected basic at the end of the project.

Pace 2-I-24: It is stated that as part of the inelastic energy

absorption capacity, the redistribution of forces among structural
elements was considered. For the component calculations reviewed (see
Section 2.2), no allowance for force redistribution was found.

_

.

-
. .

Paae 2-I-26: The definition of seismic fragility as ". . . level of
'

effective median peak ground acceleration at which the structure would
; cease (fail) " 1's incorrect. The median value is a parameter of...

the lognonnal distribution on capacity, not the entire fragility curve

of a. structure..
2

Pace 2-I-26: The sliding capacity as calculated is the incipient

sliding capacity and is conservative. As discussed below (see Section4

2.2), the amount of sliding displacement and its effects on

interconnecting equipment is the critical issue, not the level of ground,

motion at which sliding begins.

; Pane 2-I-28: FCSM should be the ratio of the strenath, computed with
the actual material properties, divided by the strength, computed with
the specified material properties.

~

Jack R. Ben |omin & Associales,Inc.,

Consulting Engineers B>
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i. Pane 2-I-30: The simple inelastic energy model used in the PRA analysis
is applicable to structures which can be modeled as single-degree-of-
freedom systems. This model has not been shown to apply to complex

| structures. At best the uncertainty is a function of the complexity of

| the system being analyzed.

Pane 2-I-30: The average factor of safety due to eartiiquake combination
(i.e.,1.3) where the responses from the three directions were combined
using an absolute sum, is a gross approxiniation. A specific value

i should be deternfaed for each structure. For example, using data from
the FSAR it can be shown that values of 1.2 and 1.4 are more appropriate
for the interior concrete and exterior shell of the containment
building, respectively. However, it was later determined that the
seismic forces were actually combined by the SRSS method in the PRA

calculations for the Containment internal structure. See discussion in
Section 2.2 for the Containment crane wa.1 failure.

|

Page 2-I-35: The use of different soil-structure interaction safety
factors for the EGEB (f.e., for sliding and strength failure modes) is
inconsistent. The values should be the same.

I

Page 2-I-16: The variability in the ultimate strength prediction is
also due to uncertainty in the simple models used in the PRA analysis.

Page 2-I-37: The variability for the design capacity factor should be
based on the strength equation which generally is different for each
struc^ure. A range of 20 percent (COV) is a gross approximation. which
should be detarmined specifically for each structure.

Page 2-I-37: The material strength factor variability is not equal to
the variability in material strength. It is equal to the variability of

the strength model due to variability in the parameters in the model
such as material properties.

Jack R. Benjamin & Associates,Inc. E *

Consulting Engineers B,
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Paae 2-I-30: The statement: "The randomness also was considered to
contain the uncertainty of the mean" is philosophically wrong. By

definition, randomness and uncertairity are mutually exclusive.

Paan 2-I-30: The modeling factor variability should be based on
variability of the modal frequencies and mode shapes. The frequency
effect should be obtained using the median ground response spectrum at ;

the median damping value. Variability in frequency should be I

transformed using the response spectrum to variability in response. The
use of 115 percent (COV) is a gross approximation and should be
determined specifically for each structure.

Pace 2-I-40: The basis for estabitshing the earthquake combination
,

factor variability is not rational. Some simple calculations for the

Limerick PRA (Ref. 7) show that the randomness logarithmic standard
deviation varies from 0 to 0.16 depending on the relative responses from
the three components and the coupling Detween the responses. Thus the

,
value of 0.22 is on the high side.

Paoes 2-I-41 to 44: See Section 2.2 for a discussion of the
calculations performed for selected structures.

Pace 2-I 8ia: It is assumed that electrical mlay unrecoverable chatter
is a failure. It is not clear how this was used in the PRA analysis.
Also, using incipient sliding of the connecting buildings as a tailure

mode for buried piping is very conservative.

Paae 2-I-61: Single-degree-of-freedom models were used to obtain the,

modified ARS for medim damping values (i.e.,10 percent for structure
and 5 percent for equipment). It is not clear whether the effect of

higher frequency modes was properly included in the modified floor
response spectra.

I
!

l

I Jack R. Beniamin & Associates,Inc. I *
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Paan 2-I-63: The report states that the variability for the equipuent
design capacity factor for piping was based on the ratio of design.

'

pressure to operating pressure calculated for each representative pipe
'element. This is not rational. The variability should be calculated

! from the strength equation using the variabilities for the model
parameters (i.e., natorial properties).

t-

i

Paan 2-I-6d: Equation 4-4 is for a lognormal distribution, not a normal

{ distribution as stated. This is an example of the misunderstanding of
what was calculated and reported in Appendix 2-I.

,

f

Paa 2-I-65: The poneric damping factor variability value of 0.09 may
; be low for equipment with natural frequencies close to the lower

frequencies of the ' supporting structure. When the frequencies of the!

equipment and structure coincide, small differences in equipment damping '

can cause large differences in response.

Pace 2-I-65: Modeling factor variability includes contributions from
! mode shape and frequency. The latter effect is sensitive to the

proximity of the equipment frequency value to the peak of the floor
,

response spectra. Component-specific values for this parameter should
be developed.

!

.

Pace 2-I-65: The earthquake component combination variability is a
function of the relative contributions from the three earthquake
components and the degree of coupling which ex1sts. The frequency of
the equipment (i.e., flexible versus rigid) is not a significant
variable for this type of variability. The logarithmic standard
deviation values are typically between 0 and 0.16.

Pao 2-I-66: It is assumed that the earthquake component combination
'

factor variability is the same as the structural response factor
variability for the structure in which the component is located. This
is not rational. This factor should be based on the characteristics of
the equipment, not the structure as discussed above.

!

| Jack R. Beniamin & Associates, Inc.
! Consulting Engineers
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Pace 2-I-72: The modal combination factor, FRSC, should not be included
'

in the structure response factor when determining the fragility for an
equipment item, since the floor response spectra were obtained from a
time history analysis (i.e., since the phasing infomation is properly
incorporated). Also, the earthquake combination factor, FRSE, should;

not be included since the effects of random phasing between thej -

earthquake components should only be included in the equipment response;

factor.

Paan 2-I-76: We illustrative example given in Appendix 2-I, Section
5.2 is discussed as part of the review of the calculations for

significant components in Section 2.2, below.
,

I

; Paoa 2-IfA)-2: As discussed above for page 2-I-61, it is not clear that
the higher frequency modes of the butidings were properly reflected in

j the modified ARS development.

From the calculations it appears that the equipment spectral shape
' factor was calculated properly. The safety factor for equipment damping

was obtained from a ratio of the mlative floor responses (i.e., the
median level case vs. the design level case) where the relative floor

| responses for each case were obtained as the spectral ordinate divided

; by the zero period acceleration value. This approach is reasonable;
j however, it is not clear that the effect of higher frequency modes of

the structures was properly incorporated.
4

Also, as discussed below in Section 2.2, the approach used for
scaling the structure response factor with height is incorrect.

I

i

1

!
)
i

|

|
:
;
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Anoendix 2 .1 - Millstone Unit 3 Probebilistic Analysis of Structural and..

Nannant Fraa111 ties

Paan 2 .1-2: It is obvious from the ese of the fragility parameters

produced in Appendix 2-J'that the authors of this appendix did not
realize that a median value and two logarithmic standard deviations were
developed for eacn structure or component in Appendix 2-I. It was

R and s are standard deviations (in fact,erroneously assumed that S u
thy are loaarithmic standard deviations). The conversion from a
lognormal distribution to a Weibull distribution is incorrectly

perfomed. By assuming that the botas from Appendix 2-I are standard
deviations the variabilities are increased substantially. The final

result is that the fragility curves used in the analysis are overly
;

conservative.

2.2 CALCULATIONS *.

The calculations for a select group of structures and components
were reviewed. The following items were chosen because they are
significant contributions to the frequency of core melt. The steam

generator was also reviewed since it is the single illustrative example
that is presented in Appendix 2-I of the Millstone PSS report.

Structure /Camponent Median Canacity foie

Steam Generator 2.28i

Auxiliary Building (collapse) 0.55
'

125 VOC Distribution Panel 0.64
Domineralized Water Storage Tank 0.68

Reactor Core Geometry 0.68

Service Water Piping 0.74

ESF Building (sliding) 0.74

Emergency Generator Enclosure (sliding) 0.75

Containment (crane wall failure) 0.87

* Listed in Table 2.5.1-3 of the Millstone PSS report.
!

A discussion of the calculations for each item is given below.

l-

~'

Jack R. Benjamin & Associates,Inc.
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| s+-- Generator (Millstone PSS Renort Section 5.2 - ILLUSTRATIVE
EXAWLE)

;

- Numerous discrepancies were found in the illustrative example of
the steam generator. The following is a discussion of the problems
which were encountered.

.

The structure earthquake combination factor, FRSE, should be 1.0,
not 1.3, since the equipment was designed using the SRSS procedure.
Also, the structural response fac' tor should not be scaled to different
elevations, since as first approximation all points in the building
above the base are equally affected by changes in the structural
response parameters (i.e., spectral shape, damping, modeling, etc.).
Hence the structural response factor should be just 1.5.

'

In developing the variability for the spectral shape safety factor,
it was assumed that the uncertainty component was zero, which is similar

. to what was done in past seismic PRA studies. As discussed in Reference
3, it is believed that if this were true, there would be no motivation

to ever conduct site studies to develop site-specific spectra.

The variability for modeling is assumed to be all uncertainty with
a logarithmic standard deviation of 0.15. This value is consistent with
other PRA studies; however, it is more rational to compute this
parameter for each building considering variability in the mode shape
and fundamental frequency. In the Zion and Indian Point PRA studies,

<

the logarithm of the ratio of the spectral ordinates of the median

spectrum at the median and median minus one standard deviation frequency
was used to compute the uncertainty value.

:

The variability for structure modal cambination (i.e., 0.17) should
not be included since the floor response spectra were obtained using a
time history analysis where all significant modes and the phasing
between the modes were retained. The variability for structure

~Jack R. Benjamin 2: Assoclofes, :.v
Consulting Engineers B
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. earthquake component combination (i.e., 0.22) should be eliminated for
the structural response factor and a smaller value included in the

4

equipment response factor. Based on a study conducted as part of the
Limerick PRA (Ref. 7), the randanness due to earthquake components is a
function of the number of components which contribute to the response
and the degree of coupling between the components. Values for the

>
- logarithmic standard deviations varied in tho' study from 0 to 0.16.

Also, a small randomness component for damping would be more reasonable
than assuming zero.,

The safety factor for equipment response, FRE, was assumed to be
~

1.0. The spectral shape factor, FRES, was inappropriately assumed to be
1.0. The value for this factor is actually included as part of the
capacity factor (f.e., third equipment factor equal to 1.5). However,

this factor was not computed correctly since it is Dased on the ratio of
the design ZPA value to the median ZPA value. Since the steam
generators are flexible, the factor should be based on the ratio of

snectral ordinates corresponding to the fundamental frequency of the
component.

The variability for equipment spectral shape factor was assumed
equal to the same value as for the structure spectral shape factor. The

variability should have been based on the floor response spectra from
the median analysis and split into randomness and uncertainty components
corresponding co single mode variability and higher mode contributions,
respectively. Similarly, the equipment damping variability should have,

been based on floor response spectra from the median analysis. The
' value of 0.09 in the report is equal to the variability in damping. It

should be equal to the variability in response due to the variability in
j damping. Also, the equipment damping variability should be split into

randomness and uncertainty components.

The equipment modeling variability should reflect variability in
mode shape and frequency. Both of these factors are affected by

-Jack R. Benjamin & Associates,Inc.
Consulting Engineers D
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uncertainty in boundary conditions and randomness of material
Properties. The frequency variability can be used to directly 00tain

'
response variability using the median floor response spectrum at the

| location of the steam generators. |
l

The randomness of the capacity factor due to material property

[ variability is equal to 0;14. According to the calculations, this was

obtained by the following expression:
~

in (1.25)/1.65 = 0.14

where 1.25 is the lower bou'nd capacity factor and 1.65 corresponds to
the 95 percent probability level. This is incorrect. The logarithmic
standard deviation should be based on the randomness in design capacity
due to the randomness in the material properties. Although the value
used (i.e., 0.14) is reasonable, the method for obtaining this number is
not rational.

The variability in the inelastic energy absorption factor was
incorrectly set equal to the variability in the ductility ratio. A more

correct value is obtained by the following expression:,

I" / 2 = 0.23(1 5) 1

In addition to the uncertainty in the ductility ratio, there is

uncertainty in the inelastic energy absorption model, which should be

Included. Again, the value of 0.35 used is reasonable, but the method

for obtaining this value is not rational.4

In conclusion, the median acceleration value of 2.28g may be |

reasonable. The structural response factor should be 1.5, not 2.51, but
the spectral shape factor (called the third design capacity factor in

the report) should be based on the design versus the median spectral,

1

Jock R. Benjamin & Associates,Inc. E.-
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ordinates at the natural frequency of the steam generator. It is likely ;

that the correct safety factor for spectral shape is greater than the

1.5 value used in the analysis. Thus, the two discrepancies tend to
offset each other.

|
,

The total variability logarithmic standard deviation value of 0.62

tends to be on the high side. It is likely that a more careful analysis

would reduce this value.

Aurfliarv Buf1dina (Collapse)
The design capacity safety factory, FCSD, equal to 1.6 for the

Auxiliary building collapse, is based on the strength of columns in the

building. It is assumed that there is no significant margin beyond the
design load; thus FCSD is equal to 1.1/0.7, where 1.1 is the SSE load
factor and 0.7 is the code capacity reduction factor for tied columns.

It is not clear why columns are controlling the capacity for seismic

events since the Auxiliary building is a shear wall structure. In

typical shear wall buildings the walls resist the lateral forces and the

columns support vertical dead and live loads. For cases where lower

story columns support upper story walls, axial forces due to

seismically-induced overturning moments at the bottom of walls will be
predicted by elastic analyses; however, if the columns begin to yield
the lateral loads will redistribute through the floor diaphragms to
walls which extend to the foundation. This safety factor is an

important contribution to the median capacity and is low compared to

similar factors for shear wall structures at other nuclear power plants.

The material strength safety factor, FCSM, equal to 1.35 is based
on the ratio of the column axial strength using actual material

properties to the strength using design properties. This is appropriate

if column axial strength is the dominate strength contribution. Because

an axial column tailure is a brittle failure no inelastic energy

absorption was assumed. As discussed above it may be unrealistically
conservative to assume that the Auxiliary building will fail based on

.

*Jack R. Benjamin & Associates,Inc.
Consulting Engineers
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overstressing the but1 ding columns. Possible redistribution of forces
should be considered.

The spectral shape factor, FRSS, was based on the ratio between the

spectral ordinates of the design spectra and the median rock spectra
from WASH-1255 (Ref. 8). The approach used is appropriate and is

'consistent with other PRA studies.

The damping safety factor was incorporated in the development of
the spectral shape safety factor in that the design spectrum at 5
percent damping and the median rock spectrum at 10 percent damping were
used. This is a consistent approach.

The modeling safety factor, FRSM, was assumed to be 1.0. It is

stated in the calculations that modeling was accounted for in the
spectral shape safety factor. Since the calculated frequency was
assumed to be the median frequency, this is correct.

The SRSS combination of modal response was used; hence, the modal
combination safety factor was assumed to be 1.0. This is reasonable.

The earthquake components were evidently combined using an SRSS

combinction for the Auxiliary building. This contrasts to other
Millstone butiding analyses where the absolute sum of all three

' components was supposedly used. For the Auxiliary building, a safety of
1.0 ts appropriate for this safety factor.

Since the Auxiliary building is on rock, the safety factor for
soil-structure interaction is 1.0.

In conclusion, the total safety factor of 3.24 appears to be low.
The assumption that the interior columns control the capacity of the
Auxiliary building should be reexamined.

|

Jack R. Benjamin & Associates,Inc. E o
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The uncertainty logarithmic standard deviation for strength failure
|

of structure's was assumed to be 0.20 for all butidings. It was not
based on the uncertainty of the different strength prediction models,

but was assumed based on values used in the Zion and Oyster Creek PRAs.

Because of the possibility of load redistribution, this value is on the |
low side.

_

The randomness logarithmic standard deviation for material strength
of the Auxiliary building was based on the variability of individual
construction materials (t.o., steel and concrete). However, the

variability of the strength equation should have been used rather than
the variability of the individual material strengths. The value of 0.10

which was assumed is reasonable compared to results from other PRAs.

Because no inelastic energy absorption was assumed for the
Auxiliary building, no variability was assumed. This is reasonable
based on this premise; however, the assumption that there is no
inelastic capacity is very conservative.

In developing the variability for the spectral shape safety factor,
it was assumed that the uncertainty component is zero, which is similar

to what was done in past seismic PRA studies. As discussed in Reference
3, it is believed that if this were true, there would be no motivation

to ever conduct site studies to develop site-specific spectra. The

approach used to develop the randomness component was baseo on the

logarithm of the response spectral ordinates from the WASH-1255 spectra
at the median and the median plus one standard deviation curves, which
is a reasonable approach.

The variability for da.mping effects was assumed to be all
uncertainty. The logarithmic standard deviation was based on the
logarithm of the response spectral ordinate from the median curves at 7
percent and 10 percent, where it is assumed that the 7 percent value is
at the minus one standard deviation level. The approach used is

| reasonabl e. However, there should be a small randanness component.
1

Jack R. Benjamin & Associates, Inc. c>
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The variability for modeling is assumed to be all uncertainty with
,

a logarithmic standard deviation of 0.15. This value is consistent with
other PRA studies; however, it is more rational to compute this

parameter for each butiding, considering variability in the mode shape
and fundamental frequency. In the Zion and Indian Point studies, the j

' logarithm of the-ratio of the spectral ordinates taf the median spectrum
at the median and median minus one standard deviation frequencies was ;

; used to compute the uncertainty value.

|
The variability for modal combinations was assumed to be all

randomness, and the logarithmic standard deviation value of 0.17 was
assumed based on what was used in the Zion PRA. This is consistent with
other PRA studies.

:

For the combination of earthquake components, the variability was
assumed to be all randemness, which is appropriate. However, a value of

0.17 was assumed to be equal to the same value as used for modeling (see
discussion above). The basis for this value is not rational and is
probably on the high side. The results of a study conducted for the

Limerick PRA (Ref. 7) were based on considering the possible responsa

j extremes to be at 3 standard deviations. Different response coupling

j and phase relationships (f.e., in-phase and out-of-phase) were
l considered. The values for the logarithmic standard deviations ranged

from 0 to 0.16. Although the assumption of i3 standard deviation range
is debatable, based on this study the 0.17 value seems high.

4

Since the Auxiliary building is on rock, there will be no |

significant soil structure interaction, hence the variability is

essentially zero.'

| In conclusion, the logarithmic standard deviation for combined
variability is 0.43, which is consistent with other studies. However,

the approach used to obtain the value is not entirely rational as

:

h-! Jack R. Ben)omin & Associales,Inc.
BConsulting Engineers*
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discussed above, and the final value of 0.43 is probably on the low
side.

.

17E VDC Of stributton Panel

The 125 VDC Distribution Panel contains aritchgear and is located
on the base mat of the Control building. The PRA calculations for this

component are confusing, and it is difficult to systematically account
for all the discrepancies that have occurred in the calculations. It is

,

assumed in the analysis that electrical malfunctions will occur t a
,

higher acceleration than failure of the external cabinet. Consequently,

a static force computer analysis was performed using forces from
transmissibility data obtained from dynamic tests of the cabinet.

In the development of the design capacity factor, the computer
analysis was conservatively biased. Both horizontal direction

earthquake loadings were applied simultaneously (which produced an
absolute sum combination in the critical column). The maximum stress

appears to be high for the appited loading. The energy *bsorp+t:a
safety factor was based on a median ductility value of 1.5, shich is
l ow.

The randomness value of 0.14 assumed for the effect of material
strength on design capacity is not rational. This is the same incorrect
value as used for the steam generator (see discussion above). The

variability for inelastic energy absorption is low. The median and

median plus one standard deviation values for ductility were assumed to
be 1.5 and 1.8, respectively. This is not a realistic range. Also, no

uncertainty was assumed for the inelastic energy absorption model.

The equipment response safety factor wc7 assumed to be 1.0 with a
variability logarithmic standard deviation of 0.24. The latter value is

different from the calculations (i.e., 0.15) and may be low because the
variability value consists only of contributtons from instrumentation

and control errors, and modeling effects. The effect of response

| Jack R. Benjamin & Assoclofes, Inc, c
Consulting Engineers 9
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spectrum, frequency, damping, mode shape, mode combination, earthquake
combination, general test input, and static model factors should also be

systematically incorporated into the analysis.

The structural response safety factor also was assumed to be 1.0
with a variability of zero. This assumption was made because the
equipment is supported on the base mat which was poured against the
ground. According to the FSAR, there is some fill beneath the Control

butiding, and a soil-structure interaction model was developed in the
design of the building. The base mat floor response spectrum should be
used in developing the equipment response factor and the ground response
spectrum used to develop the structural response factor with the
appropriate properties of the building (i.e., frequency, damping, mode
shape, etc.). Even if the building were supported directly on rock, the
equipment response factor should reflect the difference between the
design and median ground response spectra.

,

Note that the analysis assumed a 0.25g peak base acceleration value
'

rather than tha SSE value of 0.17s. This discrepancy was encountered at
several places in the calculations, which suggests that some of the
analysts believed that the plant had been originally designed for an SSE
ground acceleration value of 0.25g.

In summary, the median capacity of 0.64g and the combined
logarithmic standard deviation value of 0.30 are both low. These values
are considerably lower than values for similar components in the Zion
and Indian Point PRAs.

Demineral fration Water Storage Tank (slidtng)
The design capacity factor, FCSD, for sliding is equal to 2.0,

which is based on the incipient sitding friction failure between the
bottom of the 10-foot thick base mat and the fill concrete placed
against the rock foundation. The calculation is based on a sliding
coefficient of friction of 1.0 and resistance provided by the compacted

Jack R. Benjamin & Associates,Inc. E o

Consulting Engineers B
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earth fill against the base mat. The value of 1.0 is conservative even

I for incipient sliding. Apparently the applied force due to the SSE
earthquake is an absolute sua combination of the two horizontal '

components. A traditional-type incipient sliding analysis was
performed; however, it is unlikely that the tank foundation will slide

ery far, even for an earthquake with accelerations greater than the
median capacity. '

i

j The variability logarithmic standard deviation value of 0.1 for
capacity is low. It is based on the assumption that a coefficient of

friction value of 1.0 is 1.65 standard deviation below the mean value in
the logarithmic domain (i.e., median equals 1.2). This is apparently an

error because FCSD was based on a median value of 1.0. A more realistic

; value could be obtained from multiple nonlinear sliding analyses where
uncertainty in the dynamic coefficient of friction is used to determine'

the uncertainty in response. The randemness component was included in
' the spectral shape randomness logarithmic standard deviation.
|

The uncertainty for the spectral shape was assumed to be zero. As
discussed above for the Auxiliary butiding, this is not reasonable.

i If 'the absolute sum of the two horizontal earthquake components was
used as stated, then the earthquake combination safety factor appears to

i
'

be correct. The logarithmic standard deviation value for randomness
; equal to 0.22 appears to be high as discussed above for the Auxiliary
i building.

|

| In summary, the median capacity value of 0.68g is low, because the
design capacity factor was based on a conservative incipient sliding
analysis. A more realistic definition of failure sho.1d be used to
correspond to actual failure conditions of interconnecting equipment.
The combined variability logarithmic standard deviation value of 0.38 is
low. Because of the uncertainties which are present, a higher value
would be more reasonable.

Jack R. Benlomin & Associates,Inc. E o
| Consulting Engineers B
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Reactor Core Gacmetry
,

The seismic PRA analysis for the reactor core geometry was based on
the Westinghouse stress analysis of the upper and lower reactor pressure
vessel intermals. The development of the equipment capacity safety
factor, FCE, is conceptually correct; however, the Westinghouse stress
analysis results were not available and the interpretation of these
results and use in the seismic PRA analysis were not reviewed. However,

,

the assumed median ductility value of 1.5 used in the analysis appears
to be on the conservative side.

The reported equipment capacity factor variability value is 0.36.
The corresponding value givan in the calculations is 0.20, which does
not agree with the report. The difference is probably due to the

variability in ductility (0.35 was used for other components) which is
not included in the calculations, but somehow was included in the report
(however, a value closer to 0.40 in the report, rather than 0.36, would
be more consistent with this explanation). The randomness values for

material strength and ductility are incorrectly esiculated (see
discussion above for the steam generator example). The approach for
determining the equipment capacity factor variability should be based on
the variability in the models, material properties, and ductility ratios
and their effect on the equipment capacity safety factor. The first

item contributes to uncertainty and the last two to both uncertainty and
randomness.

Tha equipment response factor, FRE, is assumed to be 1.0, since the
final stresses were scaled to plant-specific spectral values in the

Westinghouse calculation. The value of 1.0 is not correct. The value

should be larger due to the difference between the envelope floor
response spectra and assumed equipment damping values, and the

corresponding median properties. It is likely that FRE is much larger

than 1.0 because of these effects.

i

t

i
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The reported equipment response factor variability is 0.41. The

corresponding value given in the calculations is 0.26, which does not
agree with the value of 0.41 given in the report. The uncertainty
component was derived generically to include 0.09 for damping and 0.10
for the effect of material properties on dynamic response. The damping

term should be obtained specifically for this component since thf s
factor is sensitive to the frequency of the component and the
corresponding floor response spectra (i.e., greater variability occurs
near spectral peaks).

,

Also, it is not clear whether the uncertainty value of 0.09 is cue
to damping or due to the effects of damping variability on response (see

,

discussion above for the Steam Generator). The randomness component is
based on a value of 0.22 for spectral shape and 0.05 for the effects of
material properties on dynamic response. The latter value was assumed
generically, and the basis for the former value is not known, but

probably is the same as the corresponding spectral shape value for thei

butiding. In addition, there should be randomness included for damping
and combination of earthquake components. Also, modeling errors (i.e.,
frequency and mode shape) and modal combination effects are apparently
not included.

The structural response safety factor, FRS, is reported to be 2.00.
This value can be separated into the contribution from spectral shape
( f.e. ,1.5) and combination of earthquake components (i.e. ,1.3 ). The'

latter factor is incorrect and should be 1.0, since the equipment wasi

destgned based on an SRSS combination of earthquake components.

The reported structure response factor variability is 0.42, which
agrees with the value in the calculations. A logarithmic standard
deviation value of zero was assumed for the effect of damping
randomness, which is low; however, the corresponding value of 0.22 used

for combination of earthquake components is both high and not
appropriate since this variability should be included only in T.he

Jack R. Benjaniin & Associates,Inc. c

Consulting Engineers
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equipment response contributions. Also, the 0.17 value for modal

contribution should nuc be used since the floor response spectra were
probably obtained by a direct integration time-history analysis.

In sumary, the median capacity of 0.68g is low primarily due tc.

the unrealistically low value for the equipment response factor. The
total variability logarithmic standard deviation reported is 0.67;

however, the value in the calculations is 0.54. The latter value is
more consistent with previous seismic PRAs, but it is not clear which is

the better estimate.

Karvice Water Pinino

The failure of the service water piping is assumed to be the same
as the failure of the Engineering Safety Features (ESF) building.
However, it is stated in the calculations that compressible material has
been provided between the ESF butiding and the pipe line. No

i compressible material apparently has been provided between the Emergency

Generator Enclosure (EGE) and the service water line. It is concluded
,

in the calculations that the failure of the service water line is
represented by the sliding fragility of the EGE (not the ESF butiding).
Apparently there is a discrepancy between the calculations and the

] report; however, the difference is small.

:
|
; As discussed above for the sliding failures cf the various
; structures, incipient sliding does not imply inmediate failure of t6e ,

! interconnecting components (e.g., service water line). The failure
capacity is higher. Because these structures are embedded, it is

unlikely that the relative sliding displacements will be significant at
j the median capacities which are given in the report.
I

i

Rocking of a structure such as a containment building can lead to
,

problems for interconnecting piping (e.g., Zion seismic PRA). This is a
more likely condition than a sliding-induced failure. This potential
failure mode should have been considered in the fragility analysis of

| structures.
!

|
Jack R. Ben |omin & Assoclofes, Inc. -
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Engineered Safetv Features Buf1dino (sliding)
The design capacity safety factor, FCSD, for sliding is equal to

2.4, which is based on the capacity of the ring girder in bending where
it is assumed that the reinforcement is designed to allowable values.
Based on this assumption, FCSD is equal to 2(1.1/0.9), where 2 is the
ductility factor,1.1 is the SSE load f actor, and 0.9 is the code '

capacity reduction factor for bending. Note that the ductility factor

was included in FCSD and not in the inelastic energy safety factor, as

done for other structures.

It appears that a conservative approach was taken in the
development of FCSD. First, it is likely that there is extra capacity

in the ring girder which was neglected in the analysis. Second, sliding
is also resisted by the contact between the foundation and the rock
base. The dynamic coefficient of friction may be large due to
irregularities at the foundation / rock interface. Even if the structure
starts to slide, the amount of displacement and its effects on
interconnected equipment ir the important consideration for determining
the median capacity value.;

The uncertainty logarithmic standard deviation value of 0.20 for

the capacity factor was determined generically as discussed above for
the Auxiliary building. This value seems low for the sliding failure of

'

the ESF building. Also, since the failure is controlled by the ringi

girder, randomness for the effect of variability in material properties

and ductility should be included.

In developing the variability for the spectral shape safety factor,
it was assumed that the uncertainty component is zero, which is similar,

to what was done in past seismic PRA studies. As discussed above for
the Auxillary building, this value is not reasonable.

i

|
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The median safety factor for earthquake combination is equal to
1.3. As discussed below for the Emergency Generator Enclosure, this

b generic value should not be used. Instead a building-specific value
should be developed. The logarithmic standard deviation value for
randomness equal to 0.22 appears to be high.

" In summary, both the median capacity of 0.74g and the combined-

logarithmic standard deviation of 0.39 appear to be low.
i
;

' Emergency Generator Enclosure (sliding)

The design capacity safety factor, FCSD, for sliding is equal to
1.8, which is based on the incipient shear failure of the Basti till

beneath the butiding. The capacity was obtained by conservatively
i reducing the nonnal force by the vertical earthquake component
! (corresponding to 0.17g) and multiplying this reduced force by the

tangent of 40*, where 40* is the internal friction angle of the till. A

: small additional capacity was added to this result for the frictional
,

force along the outside walls. This capacity was divided by the base
,

shear due to the horizontal earthquake (probably due to only one
j component) to obtain the value of 1.8 for FCSD.

This is a conservative capacity factor corresponding to incipient
sl iding. Because the building is embedded approximately 15 feet, it is
unlikely that it will slide very far even for an earthquake with
accelerations greater than the calculated median capac.ity.

4

The basis for the uncertainty logarithmic standard deviation value
of 0.1 for capacity is unknown. It may have been selected to be the
same as the value used for the Dominera11 zed Water Storage Tank. See

'

discussion for this component above. This value seems very low..

.

The uncertainty for spectral shape was assumed to be zero. As
I discussed above for other buildings, this is not reasonable.
i

i
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The combined earthquake safety factor, FRSE, value of 1.3 probably
is incorrect since it appears that only one earthquake component was
used to develop the capacity factor. The logarithmic standard deviation
value for randemness equal to 0.22 appears to be high (see discussion |

; for Auxiliary building).

In summary, the median capacity value of 0.75g is low, because the
design capacity factor was based on incipient sliding. A more realistic
definition of failure should be used to correspond to actual failure

j conditions of interconnecting equipment. The combined variability
logarithmic standard deviation value of 0.37 is low. Because of the
uncertainties which are present, a higher value would be more
reasonable.

Contatnment (crane wall failure)
The design capacity safety factor, FCSD, for the containment is

,

j equal to 1.75 which is based on an analysis of the columns which support
; the crane wall (these columns are really wall sognents 10 feet by 3 feet

in plan and 25 feet high). The calculations which are provided are
difficult to follow. The following inconsistencies were noted:

1

The axial forces in the columns due to overturning moments weree

! based on plane sections remaining plane. This may not be true.
:

)
e The interior walls at the center were neglected which biased

the results to the conservative side.

'

The maximum moment in the critical column was based on singlee

; curvature. Because of the relative dimensions, a fixed

| boundary condition at the top and bottom would be a more
! reasonable assumption. This would decrease the applied moment

by a factor of 2.
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e Because the critical column will be braced by other wall
sognents, the slenderness effects can be neglected.

l

e The analysis was performed using code-required strength !

reduction factors which biased the results to the conservative
side.

i ,

Also, as the critical walls begin to fail the loads will be

I transferred to other walls. It is concluded that the FCSD value of 1.75
is overly conservative. A s; ore detailed ' analysis should be conducted.

The uncertainty logarithmic standard deviation for strength failure
of structures was assumed to be 0.20 for all buildings. It was not
based on the uncertainty of the different strength prediction models,

' but was assumed based on values used for Zion and Oyster Creek PRAs

(Refs. I and 2). Because of the possibility of load redistribution,

this value is on the low side.
,

|
t

The randamness logarithmic standard deviation for material strength
i of the Containment butiding was based on the variability of individual

materials (i.e., steel and concrete). The variability of the strength>

equation should have been used rather than the variability of the
individual matortal strengths. However, the value of 0.14 which was

! assumed is reasonable.
|
,

The inelastic energy safety factor, FCSE, was assumed to be 1.0
since the column failure would be a compression failure. As discussed

j above, the analysis is overly conservative, and the failure mode may be
; tension or shear. It is likely that there is ductile capacity and FCSE

should be greater than 1.0.>

i

: In developing the variability for the spectral shape safety factor,

i it was assumed that the uncertainty is zero, which is stellar to what

| was done in past seismic PRA studies. As discussed above for the
i Auxiliary building, this value is not reasonable.

|
i
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The analysis conducted for the Containment internal structure for
I the PRA combined the seismic effects by the SRSS method. Thus the

f earthquake components safety factor, FRSE, value of 1.3 is not
appropriate. A value of 1.0 should have been used. As discussed above

. for the Auxiliary building analysis, the randomness logarithmic standard
deviation for this safety factor is high (i.e., 0.22 was used). *

,

; In summary, the median capacity of 0.87g appears to be low. The
combined logarithmic standard deviation of 0.47 may also be on the low<

side.

i

i 2.3 CLOSURE

| The overall impression of the retssic fragility analysis is that
! the results are very conservative. The numerous conceptual and

f philosophical errors encountered produce a lack of confidence that the
fragility analysts was properly performed. Although the amount of

| computations, as evidenced by the thickness of the calculation file*

,

(approximately eight inches thick), and the additional response spectra
analyses perfonned for the setsmic PRA indicate that considerable,

!
resources were expended; however, the final results are not consistent,

with the state-of-the-art.

Based on comparing the fragility results of the Millstone PSS with
similar data from the Indian Point and Zion PRAs, it is judged that thei

| median fragility estimates are a factor of 2 to 3 low. This estimate is

| speculative since an independent analysis has not been performed to

| confirm the reasonableness of the higher structure and equipment
capacity values.

,

! Although the variabilities (f.e., randomness and uncertainty) were
I obtained in an incorrect manner, the final results are consistent with

results from other PRA studies. However, the uncertainty values for
Millstone and other PRA studies are generally on the low side.

I

|
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In Section 1.2.5 of the Millstone 3 PSS, it is concluded that wind*

does not contribute significantly to plant risk. The governing wind
event at the Millstone site is the occurrence of severe tornados. In
general, the effects of tornados, hurricanes, and extratropical cyclones
(i.e., nonnal winter stoms and thunderstorms) should be considered in

the wind risk analysts. As discussed below, it is agreed that tornado

effects, which potentially create much larger loads, do not contribute
significantly to plant risk; thus, the effects of other wind loads are

implicitly included.

It is stated that all Millstone Unit 3 safety-related structures

are of reinforced concrete construction with wall thicknesses of at
least two feet. Except for some of the Quench Spray system components,

all other safety-related components are contained in safety-related
! structures (Ref. 9, Table 3.2-1).

Based on the analysts described in Section 1.2.5.1.1 of the

Millstone 3 PSS, it is stated that the frequency of exceeding the design
tornado wind speed of 360 mph is approximately 5.4x10-6 per year. It is

believed that this value is very conservative as discussed below.

i

At the Indian Point site, which is approximately 100 miles away and
) which is in an area with higher tornado activity based on historic data,

the mean maximum tornado wind speed at the 10-7 per year frequency level

is 230 mph with an 80 percent confidence range of 170 to 340 mph (Ref.,

! 1). Other independent point estimates for the Indian Point site at this

frequency level are 236 mph and 200 mph (Ref. 3). Note that these
; results are significant since the reported mean rate of tornado

occurrence in the Millstone Unit 3 PSS is 1.87x10-4 per square mile per
year, which is lower than the value of 2.4x10-4 per square mile per year
used in the Indian Point study (Ref.1).

i
|

|
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A recent technical paper by Twisdale gives velocity / frequency
curves for four regions of the contiguous U.S. (Ref. 10). None of the
curves extend beyond 300 mph. Finally, using an approach developed by
Reinhold (Ref.11), the mean frequency using a tornado occurrence rate-

of 1.87x10-4 per square mile per year was found to be less than 10-8 per
year. It is concluded that the mean frequency of occurrence of tornados
with maximum wind speeds equal to or greater than 360 mph is less than
10-8 per year.

On the capacity side of the problem, all safety-related structures
are designed, using code procedures and allowable strength values, to
resist wind speeds of 360 mph and associated tornado missiles. From a

probabilistic viewpoint, the frequency of structural failurs or missile-

induced damage given a 360 mph tornado would be one to two orders of
magnitude lower than the frequency of the tornado occurrence.

Because of the extremely low mean frequencies of failure (i.e., on
the order of 10-9 to 10-10 per year), it can be safely concluded that
tornado (and hence other lesser wind types) effects are not significant.
Even considering the contribution of uncertainty it is unlikely that the
effects of wind would contribute significantly to the plant risk.

|

4

I
i

:

:

I
,

I

|
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4.0 EXTERNAL FLOODINE

| |' In Section 1.2.3 of the Millstone PSS, it is concluded that '

external flooding is an insignificant contribu'.or to plant risk. Only

two sources of external flooding are considered to potentially impact
the Millstone site: tidal flooding and intense precipitation. Since

there are no major rivers or streams ir. the vicinity of Millstone Point,
river flooding and dam failure are not considered appitcable to the
site. Tsunamis are also excluded since there is an extremely low
probability that these events will occur along the North Atlantic coast
line.

The justification for excluding external flooding from the fomal
risk analysis is made on a qualitative basis. No fomal probabilistic

analysis was perfomed. Tidal flooding and intense precipitation are
based on the effects of the Probable Maximum Hurricane (PMH) and the

'

Probable Maximum Precipitation (PMP), respectively. No probability
values are given; however, these events are judged to have a point
estimate frequence of occurrence between 10-6 to 10-4 per year. This

'

estimate is based on an approximate analysis using available hurricane
hazard data in the vicinity of the Millstone site (Refs. I and 12).

4

The description of the calculations, which were conducted to obtain
the maximum wave runup and standing wave height due to the PMH and the
flood depth due to the PMP, are contained in the FSAR (Ref. 9). It is

apparent from the description given that conservatisms were included in
the calculations (e.g., the most severe combination of hurricane

parameters were used to represent the FMI and the site yard drains were
considered ineffective in the PMP analysis). However, the amount of
additional conservatism is not known. It is not necessarily true that

'

single extreme events are the only circumstances that contribute to the
risk. Also, the PMH and PMP may be correlated since the PMP could be
caused by the PW.

l
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In contrast to the seismic analysis, the external flooding analysis |
did not explicitly consider the uncertainty (which is large) in the

underlying parameters and models. . Even at the 100-year stom level, the
coefficient of variation on water depth. is expected to be approximately
0.2 to 0.3. Thus, the conclusion that external flooding has a very low
frequency of occurrence is not convincing without some fomal
quantification of the hazard.

By including the effect of uncertainties in the external flood

analysis, a distribution on the frequency of occurrence can be obtained.,

i The present analysis implies that the frequency of flooding above the
protected elevation is small. However, the margin of safety above the

t

PMi and PMP design elevation is also anall (less than 1 foot for the PMi
i and less than an inch for the PDF).
i
;

| As an example, the point estimate for the PM4 might be 10-5 per
'

year; however, because of the large uncertainties that are present,

| there is a small but finite probability that the frequency of the PMi is

|
10-4 per year or larger. Similarly, it can be argued that there is a

j potential hurricane bigger than the PlH which could produce a wave runup
which exceeds the water-tight elevation of 25.5 feet ms1. The point
estimate for this event might be on the order of 10-6 per year; however,'

| due to uncertainty there also is a small but finite probability that it

i is 10-5 per year or larger. Proceeding in this manner, it can be shown
that including uncertainty will result in a family of hazard curies

which may increase the mean frequency of water depth above the value
obtained using only a single point estimate value (i.e., the PMi). In
order to evaluate the impitcations of a water level greater than 25.5

feet as1, it is necessary to either conservatively assume core melt or
to develop event trees, fault trees, and equipment fragt11ttes to
systematically incorporate the unique features of the plant into the
uncertainty analysis.
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In summary, a fomal analysis should be conducted which provides
frequencies of occurrence and includes uncertainty in the external flood
models and parameters. Because of the large uncertainties which exist
for external flood, there is the possibility that the mean frequency of

core melt is larger than 10-6 In order to conclude that the
contribution from external flooding is insignificant relative to other

hazards, a complete statement of the probability distribution on *

frequency of occurrence should be provided.

1

id

,

i

.

1
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5.0 CON (10SIONS AfD RE@BGENDATIONS

The following are conclusions based or. the review of the Millstone
PSS and recomendations for additional work which should be conducted.
The information is given below for seismic, wind, and external flood
hazards.

5.1 SEISMIC

Because of the very conservative assumptions and numerous errors
which have been made, the fragility parameter values do not represent
the results of a state-of-the-art analysis. The median ground

acceleration va'ues for the ccaponents which are significant
contributors to the frequenef of core melt are judged to be a factor of

2 to 3 low compared to similar components from other recent PRA studies.
This estimate is speculative and was not confirmed in detail for the*

specific components. In contrast, the logarithmic standard deviations
for randomness and uncertainty are generally consistent with results
obtained from other PRA studies; although numerous errors (many which
are compensating) were made in calculating the variabilities. The
logarithmic standard deviations for uncertainty are on the low side;
however, the effect of this bias is probably small on the final risk

results.

Based on the findings of the review, the fragility parameters-
should be recalculated to eliminate the excessive conservatisms and to
correct the errors which have occurred. The new fragility curves should
be incorporated in the systems analysis and combined with the seismic
hazard curves to produce more realistic distributions on frequency for

! core melt and other consequences.

I Also, after the plant is completed a review should be conducted to
i detennine if any non-safety related structures cr components could fail,

fall, and impact the safety-related items in the plant.

1
-
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The conclusion in the Millstone PSS that wind effects do not

,

contribute significantly to the risk of radiological consequences is4

reasonable. Because all safety-related structures have been designed to
i resist tornado loads and resultant missiles for wind speeds up to 360

mph, the minimum thickness of concrete walls and roofs is two feet. A

point estimate frequency for this speed is on the order of 10-8 per year
at the Millstone site. Failure of the concrete structures would be one
to two orders of magnitude lower. Even incorporating the effects of

.

uncertainties, wind hazard will not became a significa'nt external event.

i 5.3 EXTERNAL FLOODING
! The exclusion of external flooding as a significant event is Dased

| on qualitative arguments. No formal probabilistic analysis or even
point estimate values are offered in defense of this conclusion.

.

| An approximate analysts indicates that the PM4 has a frequency of

} occurrence between 10-6 and 10-4 per year. If uncertainties are
j included, the risk .- flood waters exceeding critical elevations may be

significant. No infonnation is given regarding the consequences (i.e.,;

; f~ooding-inCced equipment fragt11 ties or systems analysis) if the
! protected elevations are exceeded. In conclusion, there is no

j quantitative basis to conclude that external flooding is not a problem.
i

In order to provide a rational basis for judging whether external
ficoding is a significant contributor to off-site consequences, a fonnal
probabilistic hazard analysis should be conducted which incorporates the
uncertainties of the methods and parameters. If the probabilities of

the frequencies of exceeding the protected elevations are significant,
then fragility and systems analyses for flooding may be reoutred.

1

I

)

.

Jack R. Beniamin & Associates,Inc.
Consulting Engineers 9

i.._._.,_._._.____..______..__-__-.__.___._.______.___._____._____



-

* O

4
*

*%

REFBIEM ES

1. Pickard, Lowe, and Garrick, " Indian Point Probabilistic Safety
Study," Prepared for Consolidated Edison Company of New York, Inc.,
and Power Authority of the State of New York, Copyright 1982.

2. Ptckard, Lowe, and Garrick, " Zion Probabtitstic Safety Study," '

Prepared for Commonwealth Edtson Company, not dated.
,

3. Kolb, G. J., et al., " Review and Evaluation of the Indian Point

Probabilistic Safety Study," Prepared for U.S. Nuclear Regulatory
Cossission, NUREG/CR-2934, December 1982.

4. Kennedy, R. P., C. A. Cornell, R. D. Campbell, S. Kaplan, and
H. F. Perla, "Probabilistic setsmic Safety Study of an Existing
Nuclear Power Plant," Nuclear Engineering and Design, North-Holland
Pubitshing Company,1980.

5. Wesley, D. A., R. D. Campbell, P. S. Hashimoto, G. S. Hardy, and
R. P. Kennedy, " Conditional Probabtitties of Seismic Induced
Failures for Structures and Components for the Zion Nuclear
Generating Station," Structural Mechantes Associates, Prepared for
Pickard, Lowe, and Garrick, Inc., Irvine, California,1960.

6. American Nuclear Society and the Institute of Electrical and
Electronics Engineers, "PRA Procedures Guide," Vol. I and 2, U.S.4

Nuclear Regulatory Commission, NUREG/CR-2300,1983.

7. Philadelphia Electric Company, " Limerick Generating Station Final
Safety Analysis Report," 1983.

! 8. Nathan M. Newmark Consulting Engineering Services, "A Study of
Vertical and Horizontal Earthquake Spectra," WASH-12SS, Prepared
for the U.S. Atomic Energy Commission.

9. Northeast Utt11ttes Service Company, " Final Safety Analysis Report,
Millstone NJclear Power Station Unit 3," 1983.

10. Twisdale, L. A., and W. L. Dunn, "Probabilistic Analysis of Tornado
Wind Risks," Journal of the structural Division, ASCE, Vol.109,
No. 2, February 1983.

11. Reinhold, T. A., and B. Ellingwood, " Tornado Damage Risk
Assessment," NUREG/CR-2944, Brookhaven National Laboratory,
September 1982.

12. Batts, M. E. et al., " Hurricane Wind Speeds in the United States,"
m s auf1 ding science serfen 174, National Bureau of Standards, May
1980.

,

Jack R. Senkmin & Associates,Inc. E *

Consulting Engineers D

,

. _ . . - . . - . .

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


