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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )'
) Docket Nos. 50-247-SP

CONSOLIDATED EDIS0N COMPANY ) 50-286-SP
0F NEW YORK (Indian Point, Unit 2) )

)
POWER AUTHORITY OF THE STATE )
0F NEW YORK (Indian Point, Unit 3) )

DIRECT TESTIMONY OF ROBERT J. BUDNITZ
CONCERNING COMMISSION QUESTION 1

Q.1 Please state your name and business address for the record.
A.1 My name is Robert J. Budnitz, and I am the President of Future Resources

Associates, Inc., 2000 Center Street (Suite 418), Berkeley, California
94704.

Q2 Please identify your relationship to the NRC, present and past.
A.2 My company is now under contract to Sandia National Laboratories,

Albuquerque to provide my services to' examine and review the Indian Point
reactors' external events risk, to assemble into an integrated assessment
the detailed reviews by staff experts in specific areas, and to put
together this testimony on those issues.

The testimony is my own. That is, I wrote it. However, in each of the

areas covered, I have had significant interactions with relevant experts
on the NRC Staff, including incorporating many of their comments into this
testimony. Also, I have relied on earlier analysis, experience from other
arenas (other PRA studies, various deterministic analyses), and my own
personal judgment. Here the invaluable personal experience of having
served as a senior NRC official has been important. I have found the
individual NRC experts, most of whom I had not known before, to be
uniformly talented, informed, and cooperative. I have had input from the
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Staff in developing this testimony, and I believe that t.0 testimony
represents the Staff views.

In 1978-80, I was an employee of the NRC, first as Deputy Director, Office
of Nuclear Regulatory Research (1978-79) and then later as Director
(1979-80).. In that capacity, although I was one of the senior officers of
the agency, I had essentially no interaction with nor responsibility for
specific safe 6y issues relevant to individual plants. My responsibilities
in the NRC Office of Research were to plan and carry out research of a
more generic character.

Q.3 Please describe your education and professional qualifications.
A.3 Attached to this testimony is a copy of my professional qualifications.

Briefly, I am an experimental physicist by training, and worked in nuclear
and elementary-particle physics early in my career before becoming
invcived with environmental instrumentation, energy planning, and nuclear
reactor safety. I founded Future Resources Associates, Inc. in mid-1981,
to provide engineering and technical analysis in the energy field.

Q.4 What particular background do you possess that enables you to provide
expert testimony in the field of probabilistic risk assessment (PRA)?

A.4 In 1974-1975, I participated in an influential study by the American
Physical Society that examined issues in light-water reactor safety. In

the course of that effort, I learned much about the methodology and con-
clusions of the Reactor Safety Study (the "Rasmussen Report," WASH-1400),
which at that time had just been issued for comment in draft form. I be-
came convinced that the methods of WASH-1400 were a revolutionary way of
providing important insights into reactor safety, and that WASH-1400 it-
self, despite its limitations, was the most important document on reactor
safety I had ever read. Then, in 1977-78, I served on the NRC's " Risk
Assessment Review Group," an independent advisory body whose charter was

to delineate the achievements and limitations of WASH-1400 and to describe
how its methodology could be used by NRC in the regulatory process. That
group's report, the " Lewis Report" (NUREG/CR-0400), was influential in
bringing the whole reactor community around to the view that PRA methods
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are valuable. Then in 1979-80 as Deputy Director and later Director of
Research, I was influential in significantly enhancing NRC's in-house and
extramural research capabilities in risk assessment and in strengthening
PRA's role in reactor safety regulation. Finally, I have been working on
various risk assessment projects since I founded my own engineering finn,
and within the past year I assisted in the process of pulling together the
new "PRA Procedures Guide" (NUREG/CR-2300) by serving as chairman of the

" External Events Review Committee" for that guide.

.

Among the projects I have worked on within the past year are three that
might be of interest in the context of this testimony. First, I consulted

for South Carolina Electric and Gas Company concerning the safety of their
Virgil Summer reactor, and last September (1981) I testified before the
ASLB in the Summer. operating license hearing, mainly on questions
involving the efficacy of ECCS and other safety matters not involving
overlap with the external-events-initiators that are the main subject I am
discussing here. Second, I am now just completing a contract with Suffolk
County, New York to provide analysis to them on the accident sequences
that contribute to public risk from Long Island Lighting Company's
(LILCO) Shoreham reactor, to support the county's development of their
emergency plan. My analysis has been centered on a review of the draft
PRA carried out by LILC0's contractor Science Applications, Inc. However,
because that draft PRA study does not treat external accident initiators,
my own analysis doesn't either, so again there is little overlap with the
specific issues I am discussing here. Third, I am now under contract to
the General Electric Company to review the PRA that they have performed on
their new GESSAR design, and to compare its methodol.ogy and results with

'

those of other PRAs. Again, the GESSAR PRA version that I am reviewing
does not treat external events, so there is no overlap with the technical
subject matter I am treating here.

Q.5 What is the purpose of your testimony?
A.5 The purpose of this testimony is to present my view and that of the NRC

Staff about the insights gained using probabilistic risk assessment (PPA)
methods concerning the risks from accidents at Indian Point that start
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with certain " external initiating events," the list of which I shall
present next. The testimony will outline those issues where I have
broadly endorsed the findings of the IPPSS (Indian Point Probabilistic
Safety Study), and where my position differs from some of the IPPSS
conclusions.

A second purpose of the testimony is to present my own analysis as to the
likelihoods of reaching various IP plant damage states for the several
external events categories. These likelihoods serve as input to the
calculations by the NRC Staff of overall risk and consequences from the
two IP reactor units, which Staff calculations are being presented in
other testimony.

Q.6 What is the scope of your testimony?
A.6 The scope includes PRA analysis of the following " external initiating

events": earthquakes; external floods; high winds (hurricanes, tornadoes,
etc.) including missiles picked up by such winds; aircraft impacts;
various accidents involving river traffic on the Hudson River; and
accidents involving the gas pipeline running through the site.

.

Q.7 What are the limitations in the scope of your testimony? That is, what
will you not cover or have found you cannot cover?

A.7 The scope is limited to cover principally the insights about risks using
j the probabilistic risk assessment (PRA) approach. It is important to

| recognize that the insights gained from PRA are only one part of what we
know about these external initiating events and the risks associated with

| them...other engineering approaches and analytical methods provide
different insights and different levels of confidence.

In particular, the testimony will not cover those methods of safety
analysis that we broadly class under the phrase " conservative regulatory
analysis." This type of analysis encompasses a broad spectrum of method-
ologies that have been used to design, build, operate and regulate the two
Indian Point plants under discussion and that are not realistic in nature,
but rather incorporate known conservatisms and safety margins: examples

|

l
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include various engineering analysis aloorithms, engineering design and
construction codes, conservatisms ir. design or operation intended to
assure safe performance in the light of incomplete knowledge, requirements
for redundancy and diversity of equipment to assure integrity of vital
functions, and so on.

.

Also, this testimony does not rely entirely on independently performed
calculations or analysis by me or by NRC Staff members and NRC contractors
with whom I have discussed these issues: much of what is presented relies
fundamentally on the work done by the IP utilities and their contractors.
The utilities' work has been reviewed by me, and this review forms much of
the basis for my conclusions here. A more extensive review under NRC
sponsorship has been done by Sandia National Laboratories, and I have
studied this review in detail. (The external events part of the Sandia
review was actually carried out by Jack Benjamin and Associates under

subcontract to Sandia.) I have learned much from the Sandia report,
although I do not agree in detail with all of its conclusions. Finally, I
have had numerous conversations with NRC Staff members from whom I have
learned much.

.

Q.8 What method did you use to carry out your analysis and to arrive at your
basic conclusions?

A.8 The primary methodology was to review the IPPSS, using it as the point of
departure for the analysis presented here. The review was supplemented by
some independent study, in particular to explore the sensitivity of the
conclusions to issues of methodology. This is because sometimes the
method used for a particular analysis contains hidden errors, biases, or
uncertainties, the understanding of which can only be obtained through
extra-methodological or parametric analysis. My experience with the
capabilities and limitations of PRA generally has helped to provide
insight into both the validity and the limitations of the IPPSS
conclusions.

Q.9 What methodology did the IPPSS use in analyzing the safety implications of
the various external events? Is this methodology the same as, or

.
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different from, the methodology that is commonly used and accepted for
this type of analysis?

A.9 The basic approach of all PRAs, including the IPPSS, to the probabilistic
~

analysis of external initiating events is similar for all such types of
events, and consists of four different types of analyses which are then
combined:

i) First, one must quantify the expected probability (events per year,
' or, say, events per millenium) that the IP plants might. experience

the particular external event. Considering floods, for example, one
must determine the likelihood of floods of various sizes, recognizing
that the very largest Hudson River floods are much less likely than
the somewhat smaller (though still quite large) floods.

ii) Second, one must determine the effects that various external initi-
ating events will have on specific pieces of equipment: components,
systems, operator ccmmand and control functions, etc. This includes
determining the coupled likelihood of what are known as " common

cause" failures, in which several systems or functions experience
failure or degradation together in a correlated way.

iii) Third, one must determine the effect of degraded or failed systems,
components, or functions on the ability of the entire plant to reach
a safe, stable shutdown state.

;

iv) Finally, an analysis must be done on the phenomena and consequences
associated with those rare accident sequences that might lead to
undesirable outcomes. This part of the analysis is nearly identical
to that performed for other types of (internal) initiating events.

The methodology of PRA that has been developed for the various external,

'

initiating events differs in detail, of course, from one category to
another. However, all external events are analyzed using the general
approach just described, except in cases where the first part of the
analysis shows that the expected probability of the initiating events is
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so low that the overall contribution to risk would be very small. In such
cases the analysis can stop at step one without considering the other
parts of the full PRA approach.

,

The approach taken in the IPPSS is in some areas at the boundaries of the
present state-of-the-art: certainly this is true of the IPPSS analysis of
earthquake risks, where this study and its recently completed companion
study of the Zion station have broken new ground in methodology and use of
advanced data. It is my conclusion that the IPPSS has used generally
accepted PRA methods except where new ground has been broken. It is

important to realize that through methodological advances and some recent
highly successful applications, the methods for analyzing external
initiating events probabilistically have matured enormously since the
pioneering PRA studies of Rasmussen, Levine, and their colleagues in
WASH-1400. Compared to WASH-1400, where nore of these initiating events
received the more thorough treatment that is now done, the IPPSS has
achieved major new engineering insights. The methodology for seismic
analysis, for example, has reached a stage where the insights gained from
the IPPSS PRA can be applied to specific, detailed piece: of hardware
(such as the fragility of specific equipment) which was certainly not true
of the WASH-1400 analysis, nor of the PRAs the.t followed WASH-1400 in the
2 to 3 years after its publication, most of which did not treat seismic
risks at all.

.

This comment is not meant to imply, however, that the methodologies for
analyzing these external events are mature enough to be relied upon in a
major way: in my opinion many of them are not. Much active
methodological development is now continuing, and the major advances of
the last two or three years are sure to be only a precursor to even
greater advances in the coming few years. Although there are some active
disagreements among experts as to the validities of specific judgments or
approximations (discussed below), these should be viewed as a healthy sign
of the great learning process we are all experiencing in this field
today...they are not a sign of the invalidity of our present insights,
only of their incompleteness or uncertainty.

_ _ _.
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Q.10 Please explain any important limitations of the IPPSS methodology.
A.10 The limitations occur in each of the various parts of the analysis. Thus

for some external events, the likelihood of a major event (say, a very
large earthquake or an extreme flood) is often neither known from the

historical record nor reliably inferred from analysis based on extrapo-
lations from that record. Also, the effect of these events on plant
components, systems, and functions is in some cases not well understood.

,

The " fragility" numbers often are based on incomplete data or approximate
analysis. Finally, the ability to analyze well some of the correlations

'

among failures...the well-known " common cause failure" issue...is still
limited.

.

Q.11 What are your basic conclusions?

A.11 For some of the categories of the external initiating events, I generally
concur with the values of risk calculated in the IPPSS, and these values
seem to me small enough and well-enough known or bounded not to be of

major concern. This is true, for example, for aircraft impacts and river
floods.

For other of the external event categories (notably for the seismic and
high-winds categories), either the methodology is not well enough
developed, or data are not well enough known, or both: in these cases, I
believe that the insights from PRA are not strong enough to provide

| important independent quantitative conclusions about the size of the risk.

| Q.12 Can you describe the uncertainties in your basic results and the method
you have used to estimate these uncertakties?

A.12 The uncertainties in my results are generi.11y quite large, as will be
discussed in the sections dealing in detail with each of the external
event categories. I also believe that the (large) uncertainties quoted in,

IPPSS may be understated, especially for the seismic and high-wind risks
| (see the discussion below). The method used for estimating uncertainties
|

is a combination of numerical error propagation from uncertainties orI

inadequacies in the models and the data, and a good deal of controversial
engineering judgment...open to challenge in detail, as I will discuss

t

,
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below. Of course, this is an area of great interest, but one where it is
particularly difficult to be quantitative...that is, to provide numerical
estimates of the uncertainties. This is true not only for the
external-events parts of PRA, but for all other parts of PRA, as
discussed, for example, in the Lewis Report or the PRA Procedures Guide.

Q.13 Can you discuss how you think your basic conclusions on exterral event
should be used by the NRC in arriving at regulatory decisions on the key
issues posed to this ASLB panel?

A.13 As mentioned above, for some types of external events, I believe that the
insights gained from PRA are sufficiently solid that they can be used as
important additional foundations for regulatory decisionmaking; these are
the categories where the PRA risk results are well known or bounded.

For some of the other areas (notably for the seismic and high-wind
categories), concerns over the maturity of the methodology and/or the
validity of the input data preclude heavy reliance on the quantitative
conclusions from PRA. Nevertheless, even in these areas there are major
engineering insights that could not have been discovered any other way.

Q.14 You were asked by the NRC Staff to provide your own numerical estimates
for the mean frequencies of various plant damage states for all of the
external-event initiators. What values have you provided, and do you have
any comment about these values here?

A.14 The values that I provided are given in Table 1, for seismic, hurricane,
and tornado initiators. These are the only initiators for which the
analysis in IPPSS is quantitative in the sense that the analysis goes all
the way through to plant damage states and release categories.

Also shown in Table 1 are the values found within the IPPSS, either
directly or in follow-on work for seismic initiators that the IPPSS study
team did; and values contained in the final Sandia report, which was a
review of IPPSS under NRC sponsorship.

_
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The testimony below will cover in great detail the considerations that
support the numbers shown, their uncer.tainties, and.the significance of
differences between my own recommendations and those of IPPSS or Sandia.

Suffice it to say here that the differences are small, the uncertainties
large, and the figures in the Table (shown to 2 significant figures) are
not nearly that well understood.

.
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Table 1 Mean Annual Frequency of Core Melt From Various External Events Initiators

i .

IPPSS Plant SEISMIC IP2
Release Damage no roof fix SEISMIC IP2 SEISMIC HURRICANES TORNAD0ES
Category State Analyst ceiling excluded after roof fix IP3 IP2 IP3 IP2 IP3

2RW E IPPSS 1.4(-4) 8.9(-6) 4.4(-6) 2.7(-5) small 1.6(-5) 9.2(-7)
Sandia 1.6(-4) 4.7(-5) 2.4(-5) 5.4(-4) small 1.6(-5) 9.2(-7)
Budnitz 1.4(-4) 2.5(-5) 1.2(-5) 1.8(-4) small 1.6(-5) 9.2(-7)

Z1Q Z IPPSS 7 (-7) 7 (-7) 3.5(-8) small small small small
Sandia 1.1(-6) 1.1(-6) 5.9(-8) small small small small
Budnitz 7 (-7) 7 (-7) 3.5(-8) small small small small

II E IPPSS 1.3(-8) 1.3(-8) 2.5(-9) small small small small
Sandia 2.1(-8) 2.1(-8) 5.0(-9) small small small small
Budnitz 1.3(-8) 1.3(-8) 2.5(-9) small small small small

' 8A EFC IPPSS 4.2(-9) 4.2(-9) 7.1(-7) small small small 4.1(-7)
? Sandia 5.5(-9) 5.5(-9) 9.2(-7) small small small 4.1 -7

Budnitz 5.5(-9) 5.5(-9) 9.2(-7) small small small 4.1 -7.

^
8B EFC IPPSS 2.6(-10) 2.6(-10) 2.2(-7) small small small small

! Sandia 3.4(-10) 3.4(-10) 2.9(-7) small small small small
! Budnitz 3.4(-10 3.4(-10) 2.9(-7) small small small small
|

Notes: (1)IPPSS analysis means either orignial IPPSS report, or revision by IPPSS team as reported by Coned to
take into account improved analysis of ceiling failure and roof fix.

(2)Sandia analysis means the final Sandia report.
(3)"Rooffix"meansConEdmodificationtoigteractionbetweenIP2controlbldg.andIP1superheaterb1dg.(4) Notation as follows: 1.4(-4) = 1.4 x 10- per year mean frequency
(5)"small" means much smaller than other numbers on the Table.

.
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This Table is shown here essentially as a summary, to be elaborated upon
elsewhere in the testimony.

EARTHQUAKES

Q.15 Please describe the methodology used in the IPPSS to analyze the risks
from earthquakes.

A.15 The methodology consists of several steps that involve different technical
disciplines, which are then combined to produce an overall seismic risk
analysis. These steps are:

(1) Seismic Input: This step involves the determination of the likeli-
hood of different large ground motions at the reactor site, from an
analysis of the likelihood of earthquakes of various sizes at various
distances from the site, combined with analysis of how ground motion
at the site is produced by these earthquakes. This part of the
analysis is often called seismic hazard analysis and is done by
seismologists and geologists.

,

(2) Fragility: This step involves determining whether or not specific
plant structures and corrponents can continue to f unction under the
seismically induced motions produced by the earthquakes studied in
the seismic input analysis. The key concept here is whether the
items studied can function, because it is function rather than

physical integrity that either compromises or assures the safety of
the reactor. This part of the analysis is done mainly by mechanical,
structural and electrical engineers, and can sometimes rely on
experimental measure-ments as well as analysis.

(3) Plant Systems Analysis: This is the analysis of the effect of
various types of failures on the operability of plant systems, and
then the integrity of the overall reactor. This part of the
analysis, similar in character to that performed for other aspects of

.

- . _-
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a full probabilistic risk assessment (PRA), is carried out by
operations-research-oriented reactor systems engineers.

(4) Accident Phenomena and Consequences Analysis: This is the analysis
of the behavior of the reactor, the fission products, the contain-
ment, the core, and various safety systems in various accidents, cou-

'

pled with behavior in the environment of any released radioactive
material. Like the plant systems analysis, this part of the analysis
is similar to that carried out for other aspects of a full PRA. It

requires interactions among chemists, metallurgists, thermal-
hydraulics engineers, aerosol physicists, meteorologists, reactor
systems experts, and data analysts.

The methodology used in the Indian Point seismic study is described in
some detail in the recently published NRC report NUREG/CR-2300, "PRA

Procedures Guide." The chapter on seismic analysis in that guide
describes the approach used in the IPPSS, as well as how the calculations
are done and uncertainties treated. The methodology used in the IPPSS is
actually quite new, having been employed before only in a recent companion
PRA of the Zion reactors (Commonwealth Edison Company north of Chicago) -

_

and in an earlier form for a less extensivt eismic analysis of the Oyster
'

Creek Plant (Jersey Central Power and Light Crmpany), where this approach
was first attempted.

Q.16 Do you consider the IPPSS methodology to be at the level of the state of
the art, or an advance on previous practice, or is it less well advanced?

A.16 I have no doubt that the methodology used in the IPPSS for the earthquake
risk assessment is at the forefront of the state of the art: only within
the past year has the methodology been employed for full-scale reactor
risk assessment (at both Indian Point and the Zion site, mentioned above).
Indeed, this approach is still quite controversial, partly because there
has been insufficient time for the engineering community to become

| familiar with and to use this methodology...and partly because there is
l still a good deal of judgment involved in these risk assessments, in both

the seismic input area and the quantification of fragilities.

l
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It is generally recognized (for example in the PRA Procedures Guide) that
there are only two comprehensive methodologies currently available for
seismic risk assessment whose state of maturity is sufficient to consider
for use in a full-scale PRA: the IPPSS uses one of these methodologies,
and the other is known as the SSMRP methodology (SSMRP = Seismic Safety

Margins Research Program, a multi-year attempt to develop a fully
probabilistic method for seismic risk analysis. It has been supported by
NRC' and managed by Lawrence Livermore National Laboratory since about

1977). The PRA Procedures Guide describes both the SSMRP methodology and

the IPPSS methodology in some detail, and discusses the particular
strengths of each. Both are now just coming into a state of maturity
where their application for full-scale seismic risk assessment can be
attempted: each will be refined and advanced further through several
applications to actual reactor problems (like at Indian Point). Each will
also benefit enormously from rigorous, careful review by peers in the
engineering conmunity.

These remarks are not meant to criticize strongly the methodology used in
the IPPSS for seismic risk assessment, because such criticism is unfair.
Nevertheless, it is important to point out that in my opinion the stage of
maturity of the IPPSS approach (and of the SSMRP method as well) is still
not one of full, operational maturity. Thus my view is that there are
major uncertainties with the qu37titative conclusions of the IPPSS seismic
analysis (such as numerical valua of core melt from seismic events),
which should not be minimized. Equally important is that there are
major insights that could not be gained in any other way. This issue of
uncertainty will be discussed below.

Q.17 What are the conclusions of the IPPSS about the seismic risk at Indian
Point?

A.17 The seismic risk is found to be an important contributor to overall risk
at both unitt, and at Unit 2 it is the largest contributor to risk.

-
-
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Q.18 What are the major specific insights that are gained from the seismic
analysis within the IPPSS?

A.18 There are several . Just to mention a few, the study reveals the impor-
tance of soil backfill on one side of the Unit 2 containment with respect
to seismic risk. Although structurally similar to the Unit 3 containment,
the Unit 2 containment would experience larger loads as a result of the
backfill, and, hence, seismic fragility is higher and seismic risk is
increased. Also, the risk contribution of the Unit 2 control building is
found to be important. Specifically, same close interactions with the
closed-down Unit I facility could cause damage to the Unit 2 control
building roof for earthquake accelerations larger than those used in the
plant design. (Since the completion of the IPPSS analysis, this problem
has been analyzed in more detail, as I will discuss below.) Another
insight is the fragility analysis of the ceiling panels in the control
rooms whose potential large contribution to risk was not recognized until
the IPPSS was done.

For each of these issues, it is probable that the existence of the issue
could have been discovered and analyzed structurally whether or not a
probabilistic analysis were to be performed. What is special about the
probabilistic analysis is the ability to understand what role these
problems play, quantitatively, in leading to some probability of serious
plant accidents. Even though the quantification of probabilities and risk
consequences has large uncertainties, this quantification brings an

i entirely new level of comprehension and importance to the observations

(what I could call " mere" observations) that would have been made in the
absence of probabilistic analysis.

Q.19 Focussing on the numerical results, what did the IPPSS find to be the
major accident scenarios contributing to seismic risk? What plant damage
states and corresponding frequencies were found by IPPSS.to be associated
with these scenarios?

' A.19 The results are different between Unit 2 and Unit 3, because the
fragilities of structures are found to be different.

|

-
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For Unit 2, the dominant contributor is an accident involving an impact
between the Unit 1 superheater building and the Unit 2 control building,
at a median ground acceleration of 0.27 g. This impact causes falling
debris into the control room area, failure of control instrumentation, and
an assumed core melt situation because of loss of effective control room
function. The scenario is not set down in detail in the IPPSS report, but
subsequent discussion with the IPPSS study team has revealed that at
0.27 g the welds between the metal decking and the structural steel would
fail causing loss of roof integrity. The scenario after this is not known
in detail. Howeve , it is important to note that the IPPSS study assumed
that if the control room were compromised by this seismic event, the
earthquake would also be big enough to cause loss of both the gas turbine
and off-site power. This leads to plant damage state E (release category
2RW) with a calculated mean frequency of 1.4 x 10-4/ year.

For Unit 2, the other important seismic accident scenario in IPPSS in-
volves the containment building itself: it has soil backfill on one side,

extending circumferential1y about 90 degrees around at varying height.
The maximum height of the wall subject to lateral pressure is about 50
feet, which occurs at the equipment hatch area and the service road
leading to it. The accident scenario involves shear forces that cause

failure of the containment wall, calculated-within IPPSS to occur at a
median ground acceleration of 1.1 g. This leads to plant damage state Z

l (release cate-gory Z-1Q) with a calculated mean frequency of 6.8 x
10-7/ year.

| Another important sequence, which also contributes to the 2RW release
category (plant damage state E) is the falling of the superheater stack
onto the Unit 2 control building, at a median acceleration of 0.72 g; in
IPPSS this contributes little since it is in the same category as the
control building interaction failure at 0.27 g.

Other contributions to seismic risk at Unit 2 are all found to be much
less significant in terms of offsite risk.

.

1

|
| _
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For Unit 3, the dominant contributor to core melt from seismic accidents
is again a control building failure, but the mechanism is quite different
and at a much higher acceleration: at 1.2 g median acceleration the IPPSS
finds that there would be a shear wall failure that would compromise the
control building. Another failure, that of the diesel generator fuel oil

tanks at 1.14 g, also contributes; together, these failures lead to plant
damage state E at a calculated mean frequency of 2.4 x 10-6/ year.

Direct failure of the containment building in Unit 3 is calculated in
IPPSS to occur at 1.7 g median acceleration (higher than the 1.1 g for
Unit 2 because there is no backfill at Unit 3), leading to plant damage
state Z with calculated mean frequency of 3.7 x 10-8/ year. Again, damagg
state Z leads to large offsite consequences because there is a direct
containment failure before core melt.

Q.20 In late August, the Sandia review team, supported by NRC, published the
preliminary results of their review in a letter report. Describe the

areas where the Sandia review team did not agree fully with the IPPSS
conclusions.

A.20 There were two important areas where the opinions of Sandia (and their
subcontractor, Jack Benjamin & Associates) did not agree with the IPPSS.

First was on the seismic hazard analysis: the Sandia letter report felt

that the Dames & Moore seismic hazard analysis was superior to the
Woodward-Clyde Consultants analysis, and recommended using it rather than
giving equal weight to each (both the Dames & Moore and Woodward-Clyde
analyses are discussed in more detail later in this testimony). This was
calculated to raise the core-melt frequency frequencies calculated in

~

IPPSS by a factor of 2 for each plant damage state in both Unit 2 and
Unit 3.
Second, the Sandia letter report identified an important seismic accident
scenario that had not previously been considered important, involving the
failure of the panels in the ceiling of the Unit 3 control room. The
scenario is that at a relatively low acceleration the ceiling panels would
fall in the control room, causing incapacitation of control room personnel

. ..
|
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and instrumentation and leading to a core melt. In Sandia's and JBA's j

judgment this would increase the core-melt frequency for plant damage
;

|state E (release category 2RW) by a factor of 5, which would combine with
the factor of 2 mentioned just above to produce an overall factor of 10
for the Unit 3 frequency of damage state E.

The Sandia letter report urged detailed study of this control room ceiling
issue, both for Unit 3 and for Unit 2.

Q.21 What has happened since the Sandia letter report in terms of assessing the
seismic risk as influenced by the seismic hazard analysis? .

A.21 After interactions between Sandia, JBA, the IPPSS study team, and the
utilities, the Sandia/JBA team has now changed their recommendation that
the Dames and Moore approach be completely preferred to the Woodward-Clyde

approach: they now recommend weighting Dames & Moore 80% and Woodward-

Clyde 20%. This is calculated to raise the original IPPSS core-melt
frequencies by a factor of 1.2 to 1.6 for the plant damage states E and Z
rather than the factor of 2 increase that would result by dropping the WCC
analysis entirely.

| .

Q.22 Has there been follow-up activity concerning the interaction between the
Unit 1 superheater building and the Unit 2 control building, which in the
original IPPSS report dominated seismic core-melt frequency?

A.22 Since the IPPSS report was published, the Unit 2 licensee (Con Ed)
investigated various ways of raising the median capacity for this failure
mode. A decision has been made to change the physical configuration by
widening the clearance between the two buildings at the roof line, and by
inserting rubber pads in the gap between the two buildings to absorb
impact energy in the unlikely event of an earthquake that might cause the
accident scenario that the IPPSS study had revealed.

|
The utility's analysis now claims that the median ground acceleration for
failure of the roof welds would be in the range of 0.9 to 1.3 g, which if

- - . . -. . - . - . - . . - . - . . . - .. . - . - - -- - . - - .
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true would effectively eliminate this issue from concern. It is also my
understanding that the modification has been completed.

Con'Ed now states that the mean frequency of ' core melt at Unit 2, taking
into account this modification, is 7.9 x 10-6 per year, a large reduction
from the value of 1.4 x 10-4/ year calculated before the modification.

Q.23 Has there been follow-up study of the control room ceiling in either Unit
since the Sandia letter report?

A.23 The utilities and their IPPSS contractors have studied the fragility of
the control room ceiling in both units, and there has been study to gain
insight into events that might occur subsequent to the dropping of the
ceiling panels onto operators. The utilities' present position is
contained in a letter to Steve Varga from J.P. Bayne and J.D.0'Toole dated
December 6, 1982. Their position are that the fragility of the ceiling
panels in Unit 3 is at a median acceleration value of 0.40 g for some
panels mounted near light fixtures; for other panels the fragility is at
higher acceleratior.s. For Unit 2 the situation is identical except that
some panels at one side of the control room, where the control building
joins the Unit 1 control room area, have fragilities at median
acceleration of 0.15 g.

The utilities' analysis finds that the incapacitation of all of the oper-
ators, taking into account their work patterns, is not nearly as likely as
might have been originally (conservatively) estimated. For Unit 2 the
contribution to core melt of this failure mode is found to be a mean fre-
quency of about 2 x 10-6/ year which when added to 7.9 x 10-6/ year for the

total seismic core melt frequency is a modest change indeed, well within
the uncertainties. For Unit 3 the result is approximately the same: a
contribution of about 2 x 10-6 added to a previously determined 3 x 10-67
year. All of these changes are in release category 2RW (plant damage

state E).

The Sandia study team has not reviewed this analysis yet. However, it is
important to recognize here that the issue of control-room ceiling failure
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was first brought forth by the Sandia reviewers (specifically by the,JBA
subcontractors), who performed enough analysis to identify the failure
modes, the modes of operator incapacitation, and the approximate

,

contribution to core melt and offsite risk.

Q.24 What are your own conclusions about the IPPSS seismic results considering
the Sandia review and the IPPSS study team's recent new work?

A.24 It is better to go through the discussion step by step, so as to
illuminate how my conclusions tie in to various pieces of the IPPSS study.
It is logical to start with the seismic hazard analysis, then discuss the
fragility analysis, then the plant systems analysis, and then I can
discuss the integration of the whole study. I will return later to

discuss my own overall conclusions.

Q.25 Beginning with the seismic input analysis, what is your opinion of the
IPPSS seismic hazard analysis?

A.25 The IPPSS seismic hazard analysis presents a dilemma: it is at once both
at the forefront of the state of the art, and yet subject to considerable
uncertainty because it (inevitably) contains much engineering judgment.

One basic problem is that in the eastern U.S. there is not an adequate
historical record of large earthquakes; indeed, there are almost no
recorded earthquakes in the northeast of sizes of interest for reactor
risk. What information we have is for seismic events at relatively lower
magnitudes, intensities, and accelerations, and the challenge for PRA is
to predict the behavior for larger earthquakes, including the likely
recurrence intervals between the large quakes.

It is generally agreed that what matters most is ground motion at the
reactor site. Yet there is still disagreement among the experts on the
methodology of determining such motion, even given a predicted earthquake
of a specific size at a specific site some distance from the reactor.
Thus the problem comes in three parts: first, to predict the likelihood

and characteristics of earthquakes of various sizes, second to predict
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site ground motion, and third, to determine which motion parameter (s)
should be used as input to the structural fragility calculations.

The IPPSS solution to this complex set of interlocking difficulties is to
use two different approaches by two separate sets of experts, and then to
assign equal weight to each.in the ultimate analysis... equal weight for .

want of any way to ascertain preference of one over the other.

The first approach, carried out by Dames & Moore (Section 7.9.1 in IPPSS),
assigns the Indian Point site to a " tectonic province" which is chosen
using seismic and tectonic evidence such that within it the seismic activ-
ity is " uniform." Both relatively large provinces, encompassing much of
the northeastern U.S., and relatively smaller provinces, covering smaller
areas of similar geological structures, are chosen, and the analysis is
carried through for each separately. The results show that use of the.

larger provinces which generally use larger upper bound magnitude cutoff
'

values gives somewhat higher (about a factor of three higher)
best-estimate probabilities for acceleration than for the smaller

provinces...a crude measure of a lower bound on uncertainty.

L For each province, the historical activity is characterized by the
observed structural damage, expressed in terms of the Modified Mercalli
(MM) intensity scale. The analysis next assumes that the relative|

' frequency of earthquake magnitudes in each province can be represented by
a truncated exponential distribution. Then a range of expert judgments is
used to assign the " maximum MM intensity" believed possible for these
seismic provinces. The most probable maximum intensity is chosen as
intensity VIII, but some probability is also assigned that it could be IX
or VII.

l

Next, for each MM intensity a numerical " body wave magnitude" is calculat-
ed using an algebraic conversion formula that has been derived empirically
from general observation of the historical earthquake record. Finally,
the mean " sustained level of acceleration" at the reactor site is derived
using a relationship to " body wave magnitude" that is also empirically

,- -- - . . - - -. - - - _ - - - - - _ - . -
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derived. (The " sustained acceleration" is defined as the third highest
peak in the acceleration trace of an actual earthquake, and is the par-
ameter that is ' thought by many to be the best input for use in the fra-
gility analysis, although there is some controversy about that issue which
will be discussed below.) Curves of annual exceedance likelihood for
various (sustained ba'ed) peak accelerations are derived; (sustaineds

based) peak acceleration is then derived from sustained acceleration by
shifting by the empirically derived factor of 1.23. The distribution of
accelerations about the mean is assumed to be a log-normal distribution,
based on the empirical data. Finally, the hazard curves are truncated to
reflect the hypothesis that for each MMI value there is a limiting peak
acceleration.

,

The second approach, carried out by Woodward-Clyde Consultants (Section
7.9.2 of IPPSS), goes about the derivation of sustained acceleration in a
different manner. This method begins (as does the Dames & Moore method)
by estimating the spectrum of intensities of earthquakes at various loca-
tions within the seismic zones, but it uses these intensities to calculate

attenuated intensities at the reactor site. The site intensities are then
used to calculate peak " median ground acceleration," from which are
derived curves of sustained acceleration. In this approach there is no
intermediate calculation or use of magnitude, because the analysts claim
that the introduction of magnitudes only leads to unnecessary additional
variation.

,

|
|

As in the Daris & Moore approacn, there is judgment as to where to cut off
the extrapolation from the historical record to the predicted higher,

f earthquakes of interest. Here the approach is to use a cutoff on the
| acceleration to supplement the cutoff on MM intensity. Also, as in the

Dames & Moore approach, the uncertainty in acceleration (including
variability in attenuation, travel path, etc.) is included by assigning a
log-normal distribution to the acceleration, following usual practice in,

! analyses of this type.
|

t

i

i
I

. - . . . . ._ _
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The results of these two approaches overlap: in the low-acceleration
region, the overlap is strongest and there is little to choose between the
two approaches. In the high-acceleration region, the Woodward-Clyde
approach cuts off at a lower acceleration than does the Dames & Moore
approach, which has very significant effects on the ultimate ' reactor
risk' calculated in the IPPSS, because structures with fragilities in the
region near the cut-off are very sensitive to exactly where the cut-off is
placed by the analysts.

Which is the preferred approach to deriving sustained or peak (sustained
based) acceleration from the historical regional earthquake record and
knowledge of regional geology and site characteristics? This question
cannot be answered definitively today: the state of the art is simply not
advanced enough to differentiate between these two approaches, or a couple
of other equally legitimate approaches that differ from either of these
two.

It is my opinion that the large uncertainties inherent in any seismic
hazard methodology make it neither imperative nor illuminating to do more
than observe the difference in the results of these two approaches. The
IPPSS study team should be commended for having carried both out, and

given our present state of understanding it is quite sensible to have
incorporated them on an equal footing. Since the Woodward-Clyde approach
used upper bound magnitude cutoff values judged to be low by NRC's review
team (actually done by Jack R. Benjamin & Associates under Sandia sub-
contract),Sandia has concluded that the Woodward-Clyde approach should
be given less weight than the Dames & Moore approach: they assign
Woodward-Clyde Consultants only 20% weight and Dames & Moore an 80% weight.

I personally prefer the 50-50 weighting of IPPSS. (Using an 80-20% split
is shown by Sandia to increase the calculated core-melt frequencies by

| less than a factor of 2 in all cases over the 50-50 case, which is a very
minorchange.)

It is also my opinion that the uncertainties represent a large and very
important issue, which I shall discuss next.

|
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I have a few specific differences of judgment with the IPPSS study team in
the area of the seismic hazard analysis.

Onh is that the Ramapo-related fault zone is not included specifically as
a source area in the IPPSS seismic input anclysis, based on a judgment in
the IPPSS that it does not represent an important zone of seismicity. One
sensitive study, the NRC-sponsored Sandia review of IPPSS, shows the
Ramapo hypothesis is not an important contributor. However, a more
detailed analysis examining the effect of different hypotheses with
respect to the Ramapo zone would be helpful in further assessing the
significance with respect to risk. (This suggestion that the Ramapo zone
be studied probabilistically is not intended to imply that there is
significant concern that it might be a significant risk contributor, but
rather that it would be useful to obtain PRA-type insights to supplement
our other understanding of how the Ramapo zone might interact with the IP

reactors.)

Second, the effect of deep substructure conditions at the actual site on
motion experienced by the plant must be evaluated more fully than has been
done in the present IPPSS analysis. lhis would provide greater confidence
that the role of this substructure is sufficiently understood.

Third, the ground-motion model used in the IPPSS analysis employs a
log-nomal distribution for the motion, but in my opinion (and that of the
NRC Staf#) there is insufficient justification for this assumption. The
analysis should include other models to explore the sensitivity of the
final results to the choice of model. In particular, I think that the

log-normal distribution does not reflect well the behavior of actual
physical systems in the tails of the distribution, which extend further
for a log-normal than I believe is actually the case for the distribution
of the actual physical motion.

Also, there is considerable sensitivity of the final conclusions to the
choice of cut-off used for the maximum earthquake (or acceleration) con-
sidered credible for the Indian Point region or site.

. - - , - , . . .. . _ . . - - . - . . .
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It is clear that more sensitivity analysis by the utilities would be
useful in casting light on this question.

I also believe that the use of sustained" acceleration requires a more
detailed justification than has been given in the IPPSS analysis. I
believe that if possible, the best approach would be direct estimation of
the response spectra, since this (if possible) would eliminate the need to
use intermediate approximations. (I am also acutely aware that computing
detailed response spectra may be beyond the present state-of-the-art.)

Another point is that the use of sustained acceleration probably gives too
much weight to small, nearby localized earthquakes compared to their
actual contribution to risk.

For all these reasons, the analysts must use considerable judgment and
simplified approximations in order to apply the methodology at all to
such a complex system as a reactor. It is generally recognized that these
approximations are necessary to allow the analysis to be accomplished.
Thus IPPSS uses log-normal distributions for calculational ease (otherwise
the numerous calculations might be very difficult to perform in practice),
but in doing so, the analysis introduces errors and uncertainties of
unknown impact. Furthermore, IPPSS groups various sizes of earthquakes
into a few discrete categories because there is simply no actual
historical information (no acceleration traces, to be precise) to enable a
better approach to be used. Again, this inevitably introduces some error
and uncertainties.

,

! For these reasons, the present state of the art of seismic hazard analysis
is highly uncertain, and I believe that its conclusions should be viewed
in this light. How can this uncertainty be quantified? It is very hard
to know.

___ _ _--
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Q.26 Do the uncertainties quoted in the IPPSS for the seismic hazard analysis
adequately reflect your opinion as to the uncertainty?

A.26 In a nutshell, they do not, although I have no quantitative way of
expressing my view as to the actual uncertainties. I believe they are
somewhat larger. For example, in a study by Algermissen et al. (1982) of
probabilistic estimates of maximum acceleration and velocity in rock in
the contiguous U.S. for 90 percent probabilities of not being exceeded in
10, 50 and 250 years, we find that their estimates are higher than the
highest proposed in the IPPSS by a factor of 4 for the 250 year exposure
time. It should be noticed that in their study they used a different
source model (including the Ramapo fault zone), attenuation model, b and
maximum magnitude. In any event, it is important that my view of this
difference of opinion on uncertainty not be interpreted as a highly nega-
tive criticism of the entire IPPSS seismic hazard study: it is not...I

commend the IPPSS study team and believe that this application of the
methodology of seismic hazard analysis is an innovative and significant
one, even if controversial and uncertain in detail.

Q.27 The seismic hazard analysis is used to provide accelerations that feed
into the structural and component fragility analysis. What is your
opinion of this fragility analysis?

A.27 The fragility analysis involves two different groups of analyses: one for
equipment and components and the other for structures. Fragility analysis
is a relatively new and maturing discipline, compared to response
analysis, which has been carried out for a very long time. There are some
test data for equipment and components. However, in some cases these data
are not pertinent for equipment behavior at loads high enough to cause
functional failure. In other cases the type of loading was dynamic but
did not correspond to seismic loading. For structures test data are
sparse or in many cases not relevant enough to the structure under
analysis. Thus the general view is that today fragility analysis of both
equipment and structures is subject to significant uncertainty because of
lack of verification of their behavior.

L
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The analysis consists of two basic steps: first, One needs to determine

which characteristic of the seismic moticii is the best to use for analysis
of the fragility of each type of equipment; and second, one must work out
the fragility as a fw.ction of this characteristic. For example, one may
conclude tMt sustained acceleration is the best figure-of-merit parameter
for large pumps; in this case, one must determine at what values of sus-
tained acceleration the pumps will fail to operate. Unfortunately, actual
earthquake tru.:es are so complicated in detail that there could never be,
in specific detail, any one-parameter characterization that could fully
capture the damage potential of the trace...thus any one-parameter ap-
proach will inevitably involve compromises, and hence error and un-
certainty. Also, equipment and structures may be designed to avoid col-

.

lapse, or inelastic deformation, or perhaps displacement...but what we are
interested in is function, and the design to assure function is often ac-
complished by explicit design conservatisms on other criteria (such as
collapse,etc.). Finally, there exist little experimental data or actual
earthquake experience to rely on for the fragilities.

For these reasons, there will be much error and uncertainty, in my
opinion, in any attempt to assign fragilities to equipment or structures
from seismic motion. The methodology used in the IPPSS explicitly
attempts to capture this uncertainty by treating two different types of
uncertainty: the first is uncertainty due to the intrinsic variability of

j the physical systems with which we are dealing (variability in con-
| struction, in response, among slightly different items within a class,

etc.), while the second deals with uncertainty because our engineering
understanding is not exact (uncertainty introduced by modeling prom ems,
by calculational approximations, by grouping of similar things intt L. -'

classes,etc.). Of course, competent analysts understand that the
division between these two types of uncertainty and error is not a sharp
one,

t

The method of displaying the results of fragility analysis explicitly
shows the distinction between these two types of uncertainty, which is
highly useful for uncovering just what the analyst has actually done.
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For structures, the general approach in the IPPSS is to examine the design
basis motion (usually the " safe shutdown earthquake" but sometimes the
" operating basis earthquake") for which the structure was designed. The
original designer typically incorporates a safety factor so that the item
will not fail at the design motion, and the approach of the IPPSS analysis
is to determine this safety factor. Having determined it, the IPPSS then
calculates the median effective acceleration causing failure by multi-
plying the safety factur times the design basis motion. The overall
safety factor is taken as consisting of two parts, the structural capacity
and the structural response. Parameters influencing the safety factor on
structural capacity include the strength of the structure compared to the
design stress level, and the inelastic energy absorption capacity
(ductility) of the structure to carry load beyond yield. For structural
response, the factors include energy dissipation (damping); structural
modeling; method of analysis; combination of dynamic response modes; and
method of combining components of the motion.

In each case, IPPSS attempts to determine not only the median value but
the variability or uncertainty in the estimate, and the overall result
should combine all these to an overall uncertainty. How well this has
been accomplished then becomes the subject of further analysis and
discussion, such as here in this review. It is important that one bear in

mind that for our purposes failure for a structure is typically defined as
sufficient deformation of a structure that operability of systems attached
to or dependent on the structure is compromised. This is not usually
directly related to structural collapse. (However, within the IPPSS

analysis, structural failure is among the key contributors to overall
seismic risk in Unit 2.)

Unfortunately, neither data nor experiments are generally available for
seismically induced failure of structures. Thus the determination of
these fragilities relies heavily on judgment.

One problem that arises here, as elsewhere in PRA analysis of external
events, is the choice of log-normal distributions for each variable. In

-_
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some cases such a choice, while calculationally convenient, may not
represent the structural response very well. Unfortunately, the sensi-
tivity of the final results to the approximation of log-normality has not
been well studied within the IPPSS, or elsewhere. However, I believe that
the use of log-normal distribution for estimating frequencies of failure
on the order of a few percent or greater is reasonable. Use of the log-
normal distribution for very low failure frequencies conservatively over-
estimates the frequency of failure, in my view, because I do not think the
tails of the actual distribution extend as far as does a log-normal
representation.

In the IPPSS analysis of fragility of equipment, the general approach is
similar to that with structures. Specifically, the analyst first identi-

fies the design basis acceleration and the factor of safety incorporated
into the design, from which the actual acceleration at which the equipment
would fail is computed. As mentioned above, for some items of equipment
no specific failure data are known: there have been neither experiments
nor actual earthquakes to provide empirical information. Therefore, the
development of fragility curves in many cases must come entirely from
analysis and judgment.

One key difficulty with equipment fragility analysis is that failure of

function is tricky to define and to analyze. The deformation of casings,
snapping of electrical leads, misalignment of bearings, and so on are
sometimes go/no-go situations, but at least some of these failures occur
gradually, and for some equipment the failure of control circuitry can be
as serious as physical deformation itself.

The approach taken in the IPPSS follows the same logic for equipment
fragility as for structural fragility: that is, the analysis is broken

down into capacity and response. Because items of equipment that might
fail under seismic load are so numerous (literally thousands of individual
items, much more numerous than the number of structures), the problem of
fragility analysis is complicated, and the necessity to group equipment
into classes is overwhelming. This necessity then makes the grouping an

- _ _ _ _ _ _ _ . _ _ _ _ - . - . _ _ _ .--
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issue in itself: Are the groups selected in a way that sensibly allows
characterization of the whole group together? Are generic data, even
where available, applicable to the individual items at Indian Point? What

'

is the likelihood that a specific piece of equipment is an " outlier,"
meaning that it is not at all like the class to which it is assigned?
A possible example of this could be the main control panels at Unit 2.
It was recently disclosed after inspections at the vendor's facility that
numerous welding practices did not meet industry standards, and poor
quality assurance practices existed in the fabrication of certain main
control panels.

Where design analysis information was available for the specific Indian
Point components, or for groups of Indian Point equipment, the IPPSS
analysts attempted to take this into account. This is obviously the
appropriate approach. Unfortunately, for some equipment only generic
considerations were used. I believe that the sensitivity of the overall
results to this issue is not known.

The IPPSS fragility analysis methodology is described in the "PRA Proce-
dures Guide" (NUREG/CR-2300) mentioned earlier; it is also the approach
used for fragility analysis in the SSMRP. (The SSMRP fragility analysis
is similar although for equipment it generally uses peak in situ accelera-
tion as the input.) The IPPSS approach has been the subject of quite a
bit of review and discussion among the experts (for example in the context
of compiling the "PRA Procedures Guide"), but it nevertheless can best be
characterized as a difficult, indeed as a highly individualistic,
engineering judgment. The uncertainties assigned to the equipment
fragility values are large, and justifiably so.

I concur with the methodology in the analysis with the strong admonition
that uncertainties in the fragility numbers are inevitably large.

However, it is my opinion that the fragilities in the IPPSS are probably
conservative for many structures and pieces of equipment, even though the
analysts have attempted to produce realistic values. This is because of
the way the methodology takes into account safety margins in design, and

_ _ .. _ . , , , , . . - . . . _ . . . _ . . - . . . . _ _ . _
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the way the S-shaped fragility curves are developed and used;
specifically, the tails of the distributions end up with more weight than
I believe they deserve. The ramifications for overall risk quantification
of this endemic conservatism in the fragilities will be discussed below.

Q.28 What program, and over what time scale, could substantially improve the
usefulness of the general quantitative fragility analysis methodology?

A.28 First, I must repeat my affirmation that the methodology is fundamentally
sound. What is needed most right now is a large number of different
applications by different teams of analysts, supplemented by some test
data on key fragilities. This would produce an exchange of ideas and
perspectives, and would bring discipline to the engineering judgments,
thereby both improving the results and strengthening confidence in the
judgments.

Q.29 Following the fragility analysis of structures and equipment, it is
necessary to combine the individual components or structures through fault
trees and event trees to arrive at overall core melt probability. What is
your position on the IPPSS work in this area?

A.29 The IPPSS methodology uses traditional fault-tree / event-tree logic to
combine individual failures into systems challenges and ultimately into a
reactor safety risk assessment. There are three issues especially rele-
vant to the earthquake risk problem: first is the issue of correlations
among individual components subjected to the same earthquake motion;
second is the combining of seismic failures with nonseismic failures; and
third is the issue of possible interruptions of control room function
after a large earthquake.

The correlations (also known as dependency) are a very sticky problem.
The IPPSS component-to-system conversion seems to assume that the

(unknown) parameters that govern the width of the individual fragility
curves are statistically independent. In an actual specific earthquake,
there are likely to'be some reasonably well-correlated accelerations in
various locations, and then the question comes as to what specific " flaw"
or " vulnerability" produces each actual failure...if these are independent
among similar components, then statistical independence is reasonable, but
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if not then it is not. It is important to note that the fragility method-
ology does intrinsically attempt to account for some of the dependencies
through the way the fragilities are folded into the systems analysis...and
that this approach is one of the few places in PRA analysis generally
where dependencies can be accounted for intrinsically. Still, whether the
analysis is cuantitatively correct is difficult to know. Most important
for this testimony, it is difficult to comment on the judgments made by
the IPPSS analysis team in this arena without a level of detail that has
not been possible by me, by the NRC Staff, or by NRC's Sandia review con-
tractor. Such a level of detail would require an enormously large review
effort.

The combining of seismic and nonseismic failures is not accomplished
within the IPPSS directly, although it is indirectly taken into account
through some of the data on system and component availability and reli-
ability. Whether there are sorre (as yet undiscovered) accident sequences
where this could be a major contributor to risk is not known. An unusual
example might be an earthquake that happened during the time period
between when an important unrelated problem has been discovered and the

time when the reactor has been secured.

The issue of control room function after a large earthquake is also
troublesome. Its habitability is difficult to analyze, and a realistic

appraisal of this effect remains to be done. Supposing that significant
collapse of the control building were to occur, the problem of bringing
the plant to shutdown is not a simple one. Indeed, a question arises as
to whether bringing a plant from full-power operation to " hot shutdown" is

i the only safety issue or risk contributor, because after a large earth-
t
'

quake there could be compromise of equipment needed to go from " hot" to
" cold" shutdown. While my position is not fim on this issue, there is
obviously more work to do before the contribution of this issue to overall
risk could be said to be in good shape. I particularly take issue with
the original IPPSS assumption that collapse of either the control building
roof or the control room ceiling would so disrupt control room function as
to lead inevitably to core melt. This assumption seems to me to be highly

-
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conservative, although I cannot produce my own " number" for this effect
with much precision.

Despite these issues, I concur with the approach taken in the IPPSS for
arriving at reactor risk insights through the combining of individual
fragilities: the quoted uncertainties for this part of the analysis seem
to be broad enough to encompass reasonable differences and errors of the
type discussed.

Q.30 What is your overall view of the seismic part of the IPPSS risk
assessment?

A.30 My overall view is that significant insights into risk from earthquakes
have been gained through this analysis, and that the contribution to over-
all reactor risk from earthquakes is now known at least approximately for
both Indian Point units...something that previously was simply not known

.

at all except in a qualitative way for any reactor (excepting the Zion
units studied in the companion PRA to the IPPSS). Nevertheless, there are

~

major uncertainties in each of the parts of the seismic risk analysis. I

have discussed these for both the seismic hazard analysis and the
A

fragility analysis. Thus, even though the IPPSS study team has made
significant methodological progress in seismic risk analysis, it is my
opinion that anyone who believes that the overall risk numbers from the

seismic risk analysis within IPPSS lie within relatively small uncertainty
bands (say, better than an order of magnitude) is simply more optimistic
than I am at this time. I believe that the true width of the uncertainty
bands is even hard to quantify, so that one cannot even give good bounds
at present to the best-estimate value of the seismic risk!

Even though it is difficult to quantify the uncertainties in the ' bottom
line' numbers, or to affinn the validity of the central values presented
in the IPPSS study, it is my general view that there are important
conservatisms sprinkled throughout the IPPSS seismic analysis, which if
corrected would lower the ultimate calculated risk. These conservatisms
are a natural attempt to account for ignorance, lack of data, or poor
modeling by making more pessimistic assumptions than realistic ones. This

.- . . . , -- . -. . .. . -- - -. --
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is a natural tendency, of course. This tendency is somewhat addressed by
the iterative cycles performed by the IPPSS team to produce more realistic
fragility estimates for the high risk contributors. How much pessimism
(that is, " conservatism") is there in the seismic risk analysis? My view
is that this cannot now be quantified. But it is definitely present in
many of the fragility values...and it probably has impact not only on the
central estimates of risk but on the confidence limits on overall risk
that are influenced significantly by the tails of the distribution (s).

What would be changed by removal of these conservatisms if it were
possible? The answer is twofold: first, the central values would, in my
view, shift to lower risk levels, and second the tails of the uncertainty
distribution would narrow considerably. It is the latter that could be
the more important effect for regulatory decisionmaking, because if the
likelihood that the risk is substantially larger can be reduced or bounded,
our confidence in the overall acceptability of the seismic risk from these
two plants is increased commensurately.

What does all this tell us about the sei.smic risk itself, or the adequacy
of the seismic design of these two reactors? Unfortunately, it is my view
that the quantitative results of the IPPSS seismic analysis are not suf-
ficiently reliable to use directly to assess the overall adequacy of the
seismic design: there is simply too much that is not known, that is still
based on judgment (even if it is expert judgment), that is still in thes

developmental stage. (This does not imply that there are no applications
of the IPPSS seismic analysis...if we use the numbers in a relative sense
specific insights into specific engineering issues are highly valuable and
cannot in many cases be arrived at in any other way.)

Q.31 Notwithstanding your previous remarks about the state-of-the-art of
seismic PRA, you were asked by the NRC Staff to provide your own
recommended numerical estimates for the mean frequencies of various plant
damage states from seismic-initiated accidents. What values did you
provide?

*

--
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A 31 The values that I provided to the NRC Staff are shown in Table 2, along
with the values contained in the original IPFSS study or follow-on IPPSS
work, and the values contained in the final Sandia report NUREG/CR-2934,
published in December,1982.

Q.32 How did you arrive at the results shown in the table? In particular, what
is the significance of the differences between the results you have
recommended and those found in the IPPSS or Sandia reports?

A.32 My point of departure for all of these numerical results is the numerical
analysis of the IPPSS. Except where there was a specific reason for
differing from IPPSS, I have adopted the IPPSS values. The reasons for my
departures are as follows:

First, I have agreed with the IPPSS study team that a 50%-50% split of
weighting between the Dames & Moore and Woodward-Clyde analyses of seismic

hazard is preferable to the 80%-20% weighting split adopted by Sandia.
This accounts for almost all of the differences in categories Z1Q and Z1.
However, I have tended to agree with the Sandia analysis for categories 8A
and 88 for the seismic hazard, although the factor (a multiplicative
factor of 1.3) is too small to be of any interest whatsoever.

Second, in Unit 3 I have adopted the factor of 5 increase in category 2RW
that Sandia used in their final report to account for the effect of the
control-room ceiling, simply because when I did this numerical estimate it
was the best ceiling analysis I had available. My number for the IP2
frequency for 2RW was similarly based on an earlier Sandia analysis of the
likely effect of the control room ceiling fragility; but it differs

insignificantly from the other numbers on the table in the category shown.
I

My answer to the question about the significance of the differences
between my recommended numerical values and those of the other analysts is
that there is none. None of the differences in any individual category
amount to much more than minor differences in judgment; these differences
" don't amount to a hill of beans," to quote an old expression. Indeed,

while I did my best to determine my own "best estimate" in response to the

!

,

-,
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Table 2 Mean Annual Frequency of Core Melt F:om Seismic Initiators

IPPSS Plant SEISMIC IP 2 SEISMIC
Release Damage no roof fix IP2 SEISMIC
Category State Analyst ceiling excluded after roof fix IP3

2RW E IPPSS 1.4(-4) 8.9(-6) 4.4(-6)
Sandia 1.6(-4) 4.7(-5) 2.4(-5)
Budnitz 1.4(-4) 2.5(-5) 1.2(-5)

Z1Q Z IPPSS 7(-7) 7(-7) 3.5(-8)
Sandia 1.1(-6) 1.1(-6) 5.9(-8)
Budnitz 7(-7) 7(-7) 3.5(-8)

Z1 E IPPSS 1.3(-8) 1.3(-8) 2.5(-9)
Sandia 2.1(-8) 2.1(-8) 5.0(-9)
Budnitz 1.3(-8) 1.3(-8) 2.5(-9)

8A EFC IPPSS 4.2(-9) 4.2(-9) 7.1(-7)
Sandia 5.5(-9) 5.5(-9) 9.2(-7)
Budnitz 5.5(-9) 5.5(-9) 9.2(-7) -

8B EFC IPPSS 2.6(-10) 2.6(-10) 2.2(-7)
Sandia 3.4(-10) 3.4(-10) 2.9(-7)
Budnitz 3.4(-10) 3.4(-10) 2.9(-7)

Note: (1) IPPSS analysis means either original IPPSS report, or revision by
IPPSS team as reported by Coned to take into account improved
analysis of ceiling failure and roof fix.

(2) Sandia analysis means the final Sandia report.
(3) " Roof fix" means Coned modification to interaction between IP2

control b1dg. and IP1 superheater bldg.4(4) Notation of follows: 1.4(-4) = 1.4 x 10' per year mean frequency
j (5) "small" means much smaller than other numbers on the Table.

I am trying to convey something that may be best expressed by indicating
that arguing over numerical differences this small is like arguing with a
friend (or even an enemy) over who really first saw the penny lying on the
ground that we seem to have glimpsed simultanteously as we walked. Who
cares?

i

To put it another way, anyone who would today make a judgment about a
specific action (whether to invest money to modify something about the
reactors, for example) who would make one judgment using one number on

1
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NRC Staff's request for "a number," I actually believe that I could defend
numbers on the Table set down by everybody else almost as effectively as I
could defend the number I have set down.

Table 2 but a different judgment using another number on Table 2 is simply
putting too much faith in these results!

HIGH WINDS
,

Q.33 Describe the main issues involved in risk to the Indian Point reactors
from very high winds.

A.33 There are direct vulnerabilities to high winds, which can topple
structures and electrical transmission lines, move objects out of
alignment and so on; and indirect vulnerability because an object can
become airborne by being picked up, such that it can crash into and damage
the facility. These latter dangers are generally considered most likely
to arise from tornadoes, and we call them " tornado missiles."

The high winds themselves can come from hurricanes (tropical cyclones),
tornadoes, and from extra-tropical cyclones. Each of these natural
phenomena is analyzed separately, because the distribution of wind
velocities, forces, durations, and the like differs.

Another action of high winds might be to cause flooding in the Hudson

f River. This risk is treated separately under " flooding," because it is
analyzed similarly to other high river flood phenomena.

Q.34 Describe the methodology used in the IPPSS to analyze the risk from high
winds.

A.34 The IPPSS analysis begins by developing wind speed exceedance frequencies
for the various categories of physical phenomena. Next, fragilities are

'

determined for the important structures and components vulnerable to wind.

| Then accident sequences involving these vulnerable structures and

| components are set down and evaluated quantitatively, using fault tree
logic. This approach is quite similar to the way other external events'

are treated in the IPPSS analysis.

i

*
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Q.35 What was the conclusion of the IPPSS regarding the importance of high
winds to overall risk?

A.35 The IPPSS found that high winds are an important contributor to overall
risk, although they acknowledge large uncertainties in their conclusions
in this regard.

Q.36 What did you do to review t.his issue, and what is your position on the
wind exceedance frequencies presented in the IPPSS wind analysis?

A.36 There are two different analyses besides the IPPSS analysis that I have
relied on, one an internal Staff analysis and the other done under Sandia
Laboratories auspices as part of Sandia's IPPSS review. First I will dis-

cuss the NRC Staff analysis, which is an independent analysis of the wind
,

exceedance frequencies at the Indian Point site. Several approaches were

used and compared. One methodology for the tornado winds uses an area-
intensity relationship in a rather large region around the site, and an
occurrence-intensity relationship for a smaller region nearer the site.
Another methodology utilizes a damage gradation approach. 'The straight-
wind analysis (hurricanes, etc.) uses data from LaGuardia Airport in New
York City, about 45 miles south of the site, because there are no extreme
wind data nearer to Indian Point.

The Staff analysis is based on both in-house and NRC contractor work. The
methodology used in the IP SS is somewhat different, but no attempt has
been made by either myself or the NRC staff to do a complete critical
review of it.

The results of the NRC Staff analysis and the IPPSS analysis are quite
similar; in fact, the agreement is closer than one might expect at first
glance considering the differences in approach. The results show that the
straight-wind phenomena dominate the tornado phenomena for winds below
about 110 miles per hour; that is, for these lower windspeeds the likeli-
hood of a straight wind is much greater than the chance of a tornado.
Above about 110 mph the tornado winds dominate.

According to the NRC Staff analysis, the expected windspeeds that will be
exceeded with mean recurrence intervals of 10,000, 100,000, and 1 million
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years are 99,113, and 178 mph, respectively; the 95% confidence levels
are at 118,164, and 234 mph, respectively.

The second analysis that I have studied to gain insight into the IPPSS
results was carried out under Sandia's auspices as part of their review of
the IPPSS for NRC. This analysis is based upon different premises, and
its conclusions are that for tornado windspeeds the IPPSS results are
somewhat conservative, while for hurricane windspeeds the IPPSS results
are nonconservative, because the IPPSS did not, according to Sandia,
properly consider severe local topographical. features for certain wind-
speeds. Study of the basis for the Sandia conclusions shows that, while
their comments appear reasonable, the difference between the windspeeds
used in IPPSS and those recommended by the Sandia review are modest in an
absolute sense, and these differences seem to me to be well within the

uncertainty range of this type of analysis at the present time. To be
specific, differences due to highly localized effects are probably in the
range of 10 to 20 knots or perhaps even more, which is about the same size

as the differences between what IPPSS uses and what the Sandia review
recommends.

.

Unfortunately, the " bottom line" results of IPPSS are quite sensitive to
the precise numerical values used: using the Sandia values for hurricane
windspeeds results in core-melt frequencies about a factor of 10 greater
than what IPPSS calculates. That this is so is an indication as to how
unreliable the core-melt values are, since in my opinion there is not
enough information or analysis at the present time to distinguish between
the two approaches.

I

l On balance, I come out concurring with the IPPSS results for tornadoes, but
I am unable to choose between the IPPSS and Sandia analyses for hurricane
windspeed hazards. As indicated, the difference in coremelt frequencies
between these two approaches is about a factor of 10; hence for hurricanes
I have made the judgment to use a factor of 3 above the IPPSS numbers (andi

a factor of 3 below the Sandia numbers) as my own "best estimate" for the
mean frequency of release category 2RW (plant damage state E). This
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.

" splitting of the difference" is in my view a reasonable way to express my
state of knowledge, or in more precise terms my inability to choose
between the two approaches.

. .

Q.37 What is your position on the IPPSS analysis of the fragility of plant
structures and components due to winds?

A.37 The approach taken in the IPPSS in developing structural fragility for
wind loading is a first-of-a-kind approach. Although the PRA Procedures
Guide (NUREG/CR-2300) contains a general description of methodology for
evaluating wind hazard, no detailed guidelines are given to establish
fragility curves. The NRC-supported Sandia review of IPPSS contains a
detailed critique of the IPPSS wind fragility analysis, which I have
studied. However, the IPPSS analysis has not been subjected to any other
detailed rigorous reviews and any findings at this time should be
considered tentative.

1

In the IPPSS, concrete structures, which are generally 12 inches to 14
inches thick, are eliminated from wind-induced fragility considerations on
the basis of heuristic arguments and previous design calculations to some
extent by considering the inherent strength of these types of structures
to withstand wind pressures and tornado missile effects. Based on the
missile spectrum selected, this appears to be a reasonable engineering
judgment. However, to support this judgment clearly, additional detailed

| analyses and investigation of pertinent test data and historical data
vould provide more insight. Furthermore, tornado missile effects on the
wall-mounted equipment important to safe shutdown, if any, need to be
studied. Thus, conclusions in this area, while reasonable in my opinion,
are still in need of more analysis.

I

For metal structures, the IPPSS assumes with regard to tornado missiles
that any missile striking a structure would penetrate it. Therefore, for
metal structures, the frequency of damage by a tornado missile is taken to
be equal to the hit frequency. IPPSS states that this is a conservative
approach and I agree. Thus, the fragility curves for these structures are
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based on the consideration of a tornado picking up missiles and missiles
striking the structure.

In generating the fragility curves for metal structures with respect to
wind pressures (from hurricanes, cyclones, and tornadoes), the following
approach is used. To obtain the structural capacity to wind loading, the
design wind load is multiplied by a factor of safety (SF). This overall
factor of safety, SF, is in turn obtained by multiplying three factors of

! safety. These factors of safety represent the margins from the yield
stress vs. allowable stress used in design (SF ), variability of structurey
elevation and exposure to wind (SF ), and reduction in the margin due to

L
the use of increased allowable stresses for combining loading conditions

for some structures (SF ).y

While SF and SF are easily. computed on a sound basis, the rationale for
g y

developing SQ involves considerable engineering judgment and approxima-
tion. This rationale needs to be well understood before making a final
judgment on an adequacy of these curves.

In computing median value, the SF is assumed to be one, while the SF #0"
L L

the upper bound and lower bound values are calculated on the basis of
actual structural elevations, and exposure zones ano recurrence wind
periods as given in ANSI Standard A58.1. The median fragility curve is
then developed consideiing these three values. The upper bound fragility
curve is developed on the basis of assigning 25% uncertainty to median
values. The lower bound curve is again developed by assuming a certain
percentage uncertainty in the median values. In addition, IPPSS assumes

that there is a cutoff windspeed, below which the structural failure does
,

not take place. This windspeed is assumed to be equivalent to the design
windspeed. The lower and upper bound curves are weighted 0.1 each, while
the median curve is weighted 0.8. The basis for assigning the above
values appears to be engineering judgment and simplifying assumptions. I

believe that a detailed study is needed to comprehend fully the effects of
these assumpt'ons on final results.

t
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I concur, and so does the NRC Staff, with the IPPSS judgment that metal
structures rather than concrete structures are the key vulnerability.
However, I am concerned about the part of the metal-structure fragility
analysis involving tornado missiles. Specifically, I believe that a site-
specific missile analysis is required in order to obtain quantitative
results with any reasonable confidence. Because the spectrum of missiles
assumed in the IPPSS analysis is not site specific, its application to
determine specific vulnerabilities of specific Indian Point structures has
uncertainties that are so great as to be of little use for quantifications

of core-melt frequencies.

Over and above this omission, there is insufficient information within the

IPPSS documentation to enable me (or the NRC Staff) to review the
fragilf ty analysis adequately.

I believe that there is much engineering judgment in these fragility
determinations (as is also true for the fragilities under seismic
load...see that discussion elsewhere within this testimony), and that
major uncertainties assigned to these within the IPPSS are certainly at
least as large as quoted.

Q.38 What is your opinion of the IPPSS analysis, through fault trees, of
accident sequences involving damage from high winds?

,

A.38 The IPPSS study team has done an extensive job of setting down the impor-
tant accident sequences resulting from high winds. Units 2 and 3 are
treated separately. While I have not reviewed these in detail, the Sandia
review contains an excellent discussion. IPPSS appears to have taken a

reasonably thorough approach to this facet of the analysis, and my
testimony would be incomplete if mention were not made of this effort.i

l Unfortunately, it is clear that the analysis contains major uncertainties.

| Q.39 What significant differences were found by the Sandia review team in their

( study of the fragilities and fault-tree analysis for high winds?

i
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A.39 The only significant difference identified by the Sandia review was as
follows: the Sandia review team believes that whenever a hurricane occurs
with winds high enough to compromise important plant structures, the
analysis should assume loss of offsite power as an inevitable event. This
loss of offsite power assumption leads to an increase of a factor of 2 in
the calculated mean frequency of release category 2RW (plant damage state
E) at IP Unit 2, according to the Sandia study. No other differences were
identified by Sandia that made as much as a factor of 2 difference in the
final numerical results.

Q.40 What is your own opinion as to the Sandia finding in this regard?
A.40 I tend to believe that Sandia is probably correct in assuming that loss of

offsite power will inevitably accompany hurricane winds sufficient to
compromise important plant structures. I would therefore also adopt their
. factor of 2 increase in category 2RW for Unit 2. However, it is important
to point out that factors as small as 2 are not very significant in this
analysis.

Q.41 When you were asked by the NRC Staff to provide your own numerical

estimates for various plant damage states for high winds, what was your
conclusion, and how was it arrived at?

A.41 I have concluded that the IPPSS numerical results for mean frequencies of
plant damage states are adequate for tornadoes, and I can adopt them
comfortably. For hurricanes, I adopt the factor of 2 increase in IP2
frequency for category 2RW, and another factor of 3 increase over IPPSS
because I am unable to choose between the IPPSS and Sandia approaches to
wind hazard analysis, as discussed earlier in the testimony. Thus I find
myself with values of 2RW for IP2 about a factor of 6 higher than IPPSS,
but a factor of about 3 lower than Sandia. All other values are ,

identical. The numerical results are in the following short table for
release categories 2RW and 8A (IPPSS found all other categories to be
negligible and I have no reason to believe otherwise):
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IPPSS Plant
Release Damage Hurricanes Tornadoes
Category State Analyst IP2 IP3 IP2 IP3

2RW E IPPSS 2.7(-5) small 1.6(-5) 9.2(-7)
Sandia 5.4(-4) small 1.6(-5) 9.2(-7)
Budnitz 1.8(-4) small 1.6(-5) 9.2(-7)

8A EFC IPPSS small small small 4.1(-7)
Sandia small small small 4.1(-7)
Budnitz small small small 4.1(-7)

Notes: (1) Notation as follows: 2.7(-5) = 2.7 x 10-5 per year
mean frequency

(2) Sandia analysis means the final Sandia report
(3) "small" means much smaller than other numbers on the

Table

Q.42 What is your overall position on the IPPSS analysis of risk from winds?
A.42 The overall position is in two parts: First, I concur that the values

given in the IPPSS for wind-exceedance frequencies are reasonable.
Second, the fragility analysis is a result of applying considerable
engineer.ing judgment because of a lack of data or good analytical
experience. Because of this, I do not have much confidence in the overall

risk conclusions within the IPPSS for winds, an'd I must warn against
taking the numerical results as valid except with the recognition that
there are very large uncertainties associated with them. Nevertheless,
this analysis is a very important one because it breaks new ground, and
will have given impetus to further methodological development in this
field.

FLOODS -

Q.43 Describe how the IPPSS went about analyzing the risk from large external
flooding.

A.43 The IPPSS approach (see their Section 7.4.1) is to argue that the likeli-
hood of a flood high enough to exceed the 14.0-foot elevation (above mean
sea level (MSL)) is extremely small; and that floods reaching less than
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that elevation will not compromise critical plant facilities. Thus the

IPPSS concludes that floods are not an important contributor to risk at
either Indian Point plant. The brief account within the IPPSS on this
issue deals almost entirely with the likelihood of high-water floods, and
refers heavily to earlier studies.

The IPPSS considers a combination of a " Hudson River Maximum flood," a

hurricane-caused tidal surge, and a failure of the Ashokan Dam following
the probable maximum precipitation in the Esopus Creek watershed. The

maximum sustained water surface elevation was estimated to be 14.0 feet
MSL, not including the effects of wind-wave runup.

Q.44 What is the level of flood protection for the plant?
A.44 The intake structure and safety-related pumps for Unit 3 are at about

15 feet MSL, and the plant grade for Unit 3 is at about 15.3 feet MSL.
Unit 2 is similar.

Q.45 Do you concur, therefore, that 14.0 feet above MSL is the appropriate
criterion for floods that would compromise the plant?

A.45 Not necessarily. The effects of wind waves added to the maximum predicted
still water level could cause runup onto structures significantly above
the 14.0 feet MSL. The SER for Unit 3 concludes that safety-related
equipment could be affected by the wind-wave runup accompanying the
maximum predicted flood.

Q.46 What is the basis for the design of the Indian Point plants to assure the
flooding safety of the site?

| A.46 Flood design for the plants was not based on the probabilities of, but
| rather on the worst combination of natural and man-made events that could

reasonably be expected to occur at the site. For the Indian Point 3
Operating License review, the utility calculated the design basis flood as
a result of the coincident occurrence of the Standard Project Flood (SPF);

| which is the flood approximately half as severe as a Probable Maximum
Flood (PMF), timed to occur with the worst conditions produced by a surge
from a Standard Project Hurricane (SPH), and concurrent with high water"

|
:

|

|
|

!
. _ _ . - _ _ . _ . . _, - .
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from the failure of the Ashokan Dam. A Standard Project Hurricane is a
hypothetical h.urricane intended to represent the most severe combination
of hurricane parameters that is reasonably characteristic of a specified
region, excluding extremely rare combinations. The re'sulting estimated'

flood elevation was 15.0 feet MSL which includes 1.0 foot for coincident
wind-wave action. The floods resulting from the full PMF or full PMH
alone were calculated by the utility to be 14.0 and 14.5 feet MSL
respectively, which include 1.0 foot for coincident wind wave action.

Q.47 What was the NRC Staff position on this design against floods?
A.47 In its review, the NRC Staff concurred with the Applicant's still water

level, but concluded that the wind-wave activity and runup could exceed
the 1.0 foot figure used by the applicant. A final determination of the
potential runup was never performed. Since this high wave runup could
cause loss of the safety-related service water intake pumps during the
design basis flood, Technical Specification 3.12 was required for Unit 3.

Q.48 Briefly, what does Technical Specification 3.12 require?
A.48 This Technical Specification requires monitoring of river stage to begin

if there is a flood warning notice issued by the National Oceanic and
Atmospheric Administration (NOAA). Sandbagging of the Unit 3 intake
structure would commence if the water reached 11.0 feet MSL. If the water
reached 12.5 feet MSL, Unit 3 must be brought to cold shutdown within
30 hours.

It should be noted that at the present time this Technical Specification
applies only to Unit 3, although the design basis flood and the level of
flood protection for Unit 2 are similar or identical. The staff has

recently taken action to have a similar Technical Specification put into
place at Unit 2, where similar protection is now afforded only by
provisions in the Unit 2 emergency response plan.

Q.49 Can you estimate the probability of a flood compromising the safety of the
site?

1
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A.49 Determining the safety of the site from flooding is complicated by a
number of factors. Unit 3 would presumably be protected against the
design basis flood, if the sandbagging required by Technical
Specification 3.12 was properly performed. This would also be true at
Unit 2 through application of provisions of their emergency response plan.

Although the design basis external flood event for the site is not formu-
lated probabilistically by the NRC Staff, it is possible to draw certain
inferences about flooding to bound the flood-initiated risk at the site.
In this process, one can estimate a crude upper bound for frequency of the
occurrences of stillwater levels (at the site) high enough to initiate
shutdown (12.5 feet MSL).

The highest historical stillwater level near the site, based on records
kept since the ycar 1635, is estimated to be about 7.5 feet MSL. A recent
Federal Emergency Management Agency (FEftA) flood insurance study for the

Hudson River estimates that the stillwater elevations near the site with
recurrence intervals of 10, 50,100 and 500 years would be 6.3'ft,
7.3 feet, 7.8 feet and 9.0 feet MSL, respectively. I believe
extrapolation of this information to longer recurrence intervals is not
advisable because of the large uncertainties in such prediction based on
limited data. However, it is clear that a flood necessitating sandbaggir.g
(11.0 feet), or plant shutdown (12.5 feet) would be an extremely rare
event.

|
I believe that it is possible to infer from the historical record itself

; that floods as high as, say,11 feet would recur with a frequency not
! greater than about 10-3 per year. Unfortunately, extrapolation of this
.

inference to much longer recurrence intervals is highly uncertain without
further information or analysis.

This further analysis has not been carried out either by me or the NRC
Staff independently. However, the IPPSS states that the design basis
flood of 14.0 feet stillwater level was calculated from the simultaneous

' combination of three rare events, with estimated annual frequencies of
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occurrence of between 10-3 to 10-4 per year. If these estimates are
correct, and if the events themselves are uncorrelated, the design basis
flood would have an estimated annual frequency of 10-9 to 10-12 per year.
This range of estimates is probably much too low, though. I note as an
example that the river flood used in the combination (1/2 of the PMF) is
roughly equivalent to the standard project flood (SPF), and that estimates
of the probability of SPFs have ranged up to 2 x 10-3 per year and higher.

The next issue is whether any of these rare events could be correlated
(that is, could occur together) because'of the same geophysical
phenomenon. It seem clear that such correlations are possible, in
particular because either the hurricane or whatever else caused the very

.

high Hudson River water level could be associated.with the extreme
precipitation that might cause the dam to fail. However, the likelihood
of a maximum hurricane occurring when the river was (othemise) nearly at
its very highest is less likely to be correlated: among other issues I
note that hurricanes are usually an autumn phenomenon in the region, while
high river level is usually a spring phenomenon.

NRC sponsored an IPPSS review by Sandia which includes a discussion of the
likelihood of extremely high floods. The conclusion of this review is
that there is major uncertainty in the actual height to which an extreme
flood might raise the Hudson River. For example, the Sandia review states

, that while the median flood elevation for the Probable Maximum Flood (PMF)
at the IP site is 12.7 feet MSL, this height is not known precisely. Be-
cause of bt..h ignorance as to the exact properties of the PMF and uncer-
tainties as to which modelling assumptions to use at IP based on flood

i data elsewhere, there is some chance that the 12.7-foot " median" PMF

elevation is itself higher, and also that some PMFs could produce river
levels much higher than 12.7 feet.

| The Sandia review's estimate is that the chance of attaining a 16-foot
level with a PMF is in the few-percent range but could be in the 30%
range: if the PMF recurrence is about every 10,000 years (10-4 chance /

year), then the Sandia review believes that 16-foot level could recur in
|
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the range of 3 x 10-6 to 3 x 10-5 per year (3% to 30% as often as the PMF
whose present median estimated level is 12.7 feet).

I have studied this analysis and agree that there is major uncertainty in
estimating IP flood elevations and recurrence intervals. Even with all of
the uncertainties, I believe that the likelihood of a three-fold

simultaneous combination of rare events giving a 14.0 ft MSL stillwater
level must be considerably below 10-4 per year.

Q.50 What is your conclusion as to the overall likelihood of flood-induced
plant damage, in the context of other risks at Indian Point?

A.50 I conclude that floods capable of compromising the safety of the plants
would conservatively have an annual frequency of 10~4 per year or less.

Therefore, I do not consider floods to be significant contributors to
initiating core-melt accidents compared to other types of core-melt
accidents, and their omission from full-fledged fragility analysis and
quantitative risk analysis within IPPSS is justified. This assertien is

supported by my strong engineering judgment that even if levels were high
enough to breach the plant boundaries, core melt would not occur every

| time: the plant should be able to cope with this condition. Furthermore,

| the plant would prudently have been in shutdown condition for some time
(at least for some hours) if high water was threatening, affording addi-

. tional protection.
!

AIRCRAFT IMPACTS

Q.51 How did the IPPSS analyze the risk from aircraft impacts?
A.51 The IPPSS approach, described in their Section 7.6, consists of working

out the likelihood of an aircraft hitting " critical structures" or

" facilities" within the two Indian Point plants. Having found this
| likelihood to be sufficiently low, the IPPSS study team did not finti it

necessary to perform a detailed analysis of the mechanisms under which an
impact might lead to a severe accident.

1

I
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The IPPSS considered two classes of aircraft accidents: those caused by
1

general aviation airplanes taking off and landing near the site, and those
caused by overflights of (much larger) commercial aircraft. The

: analytical method was similar for each, and included working out the
effective ground area of the plants' critical facilities, and the

likelihood of these areas being struck from the air.

Q.52 Do you agree with the list of critical facilities that is compiled in the
IPPSS, and the " effective area" determination?

A.52 Yes. While there is always room for small disagreements among analysts,
the list is sufficiently complete, and uncertainties introduced by any
omissions are sufficiently minor in their effect on the overall
conclusions that I find the IPPSS list fully satisfactory.

The IPPSS concludes that for small general aviation aircraft the most
vulnerable structure is the Unit 2 control building; all other critical
buildings are well shielded by strong structures, that should withstand
the impact of these smaller low velocity planes with weights in the
2000-3000 kg range. Only the control building seems to be vulnerable h
itself, and it seems quite unlikely that a small aircraft could cause
extensive damage to more than one of the major buildings in the plant.
The area assigned to this building, 0.0004 square miles, seems reasonable.

For the much larger commercial aircraft, almost all important structures
on the IPPSS list are included by the IPPSS team in the vulnerable
category. An area of about 0.01 square miles is assigned; this is an area
of 1/10 mile on a side, and seems quite reasonable for a crash of such a
large aircraft.

Q.53 Do you believe that the IPPSS methodology for aircraft impacts is
acceptable?

A.53 Yes. The general approach is fully acceptable. If it can be demonstrated
that the likelihood of an impact is small enough, then I concur that plant
damage estimates need not be made in detail.
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The approach used by the IPPSS team is identical to that employed by the
NRC Stoff in the Standard Review Plan. It consists of a logical and
str ightfomard calculation. Where exact numbers of flights or trajec-
tories are not known, the concept of determining a conservative bound is
fully acceptable, having been endorsed, for example, by the Lewis Comit-
tee (NUREG/CR-0400) in its comments on appropriate applications of prob-
abilistic risk assessment.

Q.54 What is your position on the likelihood of impact from overflying large
commercial aircraft? Does it concur with the IPPSS?

A.54 I disagree with the IPPSS calculation in numerical detail, but arrive at
the same conclusion; namely, that the impact frequency is sufficiently
small to be of little concern. The methodology consists of using the
overflight aimays (usually eight nautical miles wide) and assuming a
uniform hit density throughout this width, but widened somewhat for air-

! ways that are outside an immediate overflight trajectory. The IPPSS
employs an inflight accident rate for commercial aircraft of 3.0 x 10-9
per mile flown, and cites the NRC Standard Review Plan for this figure.
However, the SRP has updated its figure and now uses a figure of 4 x
10-10, a factor of about 7 smaller. The smaller figure is used because
the earlier figure was based on all aircraft accidents, even though most

'

crashes occur in situations that would not be applicable to our case (such
as directly on takeoffs and landings). The smaller figure is considered
to be more appropriate.

Thus, the IPPSS conclusion that the total hit probability from commercial
overflight traffic is about 5 x 10-8 per year should be revised to'

! 7 x 10-9 per year. The uncertainty in these numbers could be as large as
a factor of 4 or 5, although they are probably better determined than

l that. In any event, the impact frequency seems acceptably small.

!

|
Q.55 What is your position on the smaller general aviation aircraft?

|

A.55 The IPPSS analysis considers nine nearby general aviaticn airports, 611
within less than 30 miles from the plant. Careful cc1 sideration is given

i
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to only one of these, the Peekskill Seaplane Base, located about 1.5 miles
south of the IP site on the Hudson river. I agree that the other airports
pose substantially less hazard than does the seaplane facility.

The largest aircraft presently using this seaplane facility weighs about
2500 kg (5500 lb). Takeoff and landing patterns on the river are
generally southeast / northwest according to procedure, but the IPPSS notes
that practically speaking almost any azimuth is used that doesn't
interfere with the high voltage transmission lines just south of the IP
plant, because of the very short distancas required for takeoffs and
landings by these planes.

The IPPSS analysis uses an aerial crash density (crashes per square mile)
of 1.5 x 10-7 per operation, for a distance from runway to reactor of just
over 1 mile. This figure is an average for all general aviation. Using
4000 flights per year (which is higher than current annual traffic and
includes many flights at azimuths quite far removed from the Indian Point

~

site), the probability of a plant strike is calculated to be about
2.4 x 10-7/ year for Unit 2, with the hazard for Unit 3 being smaller. No
uncertainty is given for this number.

I concur with this analysis, but I assign an uncertainty of about a factor
of !10 or so. This uncertainty is almost entirely judgmental, but
includes a factor of about 3 to 5 for the effective area of the plant, a
factor of 2 or 3 for the probability of crash per operation, and a factor
of 1.5 or so for the number of operations.

Even with this uncertainty, I believe that the likelihood of an impact is
sufficiently small to be an unimportant contributor to overall risk. This
conclusion is reinforced by noting the smallness of the aircraft weight,
the low velocity of impact, the small amount of combustible fuel on board,,

and the protection of the topography.

|

! -

.. .-
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Q.56 What is your overall conclusion about the risks to the Indian Point
facility from aircraft crashes, both commercial aircraft and general
aviation?

A.56 Besed on all the available analyses and data, I have concluded that the

overall risk from aircraft crashes is much smaller than other risks to the
public from the Indian Point reactors, and that omitting this risk
category from full-scale risk analysis within IPPSS is fully acceptable.

BARGES TRANSPORTING HAZARD 0US MATERIALS

Q.57 How did the IPPSS analyze the risk from accidents involving barges on thei

Hudson River?

A.57 The IPPSS analysis uses the total number of barges per year on the Hudson
River and the fraction that transport hazardous materials as its starting
point. The likelihood of a barge accident resulting in a large, rapid
spill of combustible liquid was assessed using data from the accident rate
per visit of vessels in Boston Harbor, and then attempting to extrapolate
that experience to the Hudson River.

The Boston Harbor study is cited as having found, based on worldwide and
U.S. data, that the probability of collision casualties per harbor visit
is in the range of from 2 x 10-4 to 5 x 10-3 The study estimated the.

likelihood of a large, rapid petroleum spill as being between 3 x 10-6 and
3 x 10-9 per vessel visit.

The IPPSS extrapolation to the Hudson River near Indian Point begins by
assuming that a " visit" to the Hudson River is identical to a " visit" to

Boston Harbor insofar as accident rates are concerned, modified as
follows: With 200 miles of river between New York City and the upstream
terminus, the likelihood of a spill in the one-mile stretch of concern
near Indian Point is taken to be 1/200 of the total likelihood of a river
accident, which is taken as identical to the likelihood of a Boston Harbor

accident. This figure is then reduced to 1/5 of the total likelihood

because of the claim that 4/5 of all spills occur near loading facilities.

.- .___ _ .-
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The rest of the calculation is straightforward, and the IPPSS finds that
the likelihood of a rapid petroleum spill near Indian Point is between

8 x 10-6 and 8 x 10-9 per year.

Not all spills result in fires. The likelihood of a fire occurring from

such an accident, within one mile of Indian Point, is cited by IPPSS as
being in the range from about 1 x 10-9 to 1 x 10-6 per year. The IPPSS
observes that this frequency is very much smaller than other important
risks at Indian Point.

Q.58 Do you accept the basic data used in the IPPSS on traffic levels on the
river?

A:58 Yes, I have no reason to doubt the basic data that indicate about 28,000
vessels passing Indian Point each year, of which about 3,200 carry
petroleum products.

Q.59 Do you agree with the IPPSS calculation of accident frequency of barges?
A.59 No. The IPPSS methodology of extrapolating fro.n collision frequencies per

vessel visit in Boston Harbor is intrinsically less accurate than a method
that uses accident figures on rivers themselves.

The NRC Staff has done two alternative calculations, which I will.present
here. In the first, we will attempt to calculate the likelihood of

a barge impact through grounding, which could potentially harm the water
intake structures of Units 2 and 3. In the second, we will attempt to
calculate the likelihood of. a barge accident on the river, involving
either barges generally or barges carrying petroleum,

i

| Impact Through Grounding

.

The Staff has found data that indicate that, for New York State as a

: whole, the total number of groundings of barges in the four years
1976-1979 was 15, of which 10 involved " damage." (" Damage" is not well
defined in this crude analysis, because we have not yet succeeded in
getting information about the original data base.) This information came

,
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from the U.S. Coast Guard Headquarters (2M Secone St, SW, Washington,
DC, Attention P. Ponce). The data base ladicates tr.'. within the New York
State barge navigation system there We been only h' 1roundings outside
of the New York Harbor area, in th% four-year period. .?oth of these were
in 1979 and the damage figurgs are quoted as about $10,650 and $300,000 in
the two cases.

These figures represent an average of about 0.5 per year for the four-year
pericd. To be conservative, but only slightly so, we may take the rate
for the year 1979, that is 2 groundings, as a representative annual rate.
Suppose that all of these groundings occur uniformly on the 200-mile-long
Hudson River between New York City and the upstream terminus. Then this
rate produces an average of 1 x 10-2/ year / river mile. But we are only
interested in one of the two shorelines of the river (multiply by 1), and
also the intake for each reactor is less than 0.1 mile long, so let us use
0.1 mile of shoreline as the vulnerable length for our calculation. If we
multiply these figures together, we get (1 x 10-2) x (i) x (0.1), which is
5 x 10-4/ year. This figure is the conservatively estimated likelihood
that a barge will strike a 0.1 mile stretch of shoreline; I use the term

" conservative" becuase for a variety of reasons the true likelihood is
almost certainly smaller than that figure.

Alternathely, consider that if a petroleum-bearing vessel hits, it might
cause a fire. Suppose that a grounding anywhere in the adjacent half-mile
of shoreline (instead of 1/10 mile) would imperil the plant. But
petroleum-carrying vessels on the Hudson represent 11% of all barge
traffic. Multiplying in this case, we get 3 x 10-4/ year, assuming that

i every petroleum-vessel grounding is a fire.

To summarize:

All groundings within 1/10 mile of shoreline = 5 x 10-4/ year
Petroleum-vessel groundings in 1/2 mile = 3 x 10-4/ year.

. , . - . _ - _ . _ , - - . - . , . _ . - _ _ _ .~. - _ _
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If every ordinary grounding and every petroleum-barge grounding caused
damage to the. service water intake, then the total rate of damage would be
8 x 10-4/ year. At the present time the likelihood of damage given a
grounding like this is not known to the NRC Staff.

Let us move on to the second calculation:

Barge Accidents on the River

A study (Report No. COM-74-11271, Arthur D. Little, Cambridge, Mass. ,
May 1974) that was performed for NRC shows that the accident rate per
barge mile on U.S. inland waterways varies from a high of 2.4 x 10-6

'

on

the intercoastal waterway to a low of 9.9 x 10-8 for the Ohio River. This
study contains no data for the Hudson River directly, but we can assume
that the accident rate on the Hudson is somewhere between these extremes.

The A.D. Little study also finds that when a barge bearing petroleum
liquids is involved in an accident, a spill results about 45% of the time.
A " spill" is not necessarily a large spill in this study, nor does a spill
always involve a fire.

If the IPPSS number of 3200 petroleum-product-bearing vessels per year is
used, then the likelihood of an accident in the one mile of river aear

Indian Point is between about 3 x 10-4 per year (using Ohio River accident
rates) and about 8 x 10-3 per year (using intercoastal waterway data). If

the 45% figure applies for the Hudson, the likelihood of an accident with
a liquid petroleum spill is between J_.i x 10-4 and 3 x 10-3 p,7 yg,7,

This is to be contrasted with the IPPSS result of 8 x 10-6 to 8 x 10'9 per,

i year for a rapid spill. (These two calculations are not directly
comparable unless one can get from " spills" to " rapid spills"
numerically).

Of course, a spill is not the same as a rapid spill, nor -is it a fire, at

least not every time. Thus, this analysis is incomplete.

-
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Summary of the Two Calculations:

I can summarize the two NRC staff " calculations" as follows:

(1) Likelihood of a grounding near intake 8 x 10-4/ year=

(Assumes any barge within
.

'0.1 mile, petroleum barge
within 0.5 miles)

between 3 x 10-4(2) Likelihood of petroleum-barge accident =

(Assumes Ohio River or Intercoastal and 8 x 10-3/ year
Waterway accident data). Likelihood
of ' spill' is 45% of above.

Of course, neither of the above " calculations" is anything but a crude
estimate which can orient the safety analyst to the ranges of concern....
nothing in either calculation takes into account whether the events being
considered are serious enough to damage anything.

However, they can be contrasted to the IPPSS analysis, using Boston Harbor
data, which found:

between 8 x 10-6Likelihood of rapid petroleum spill =

(Assumes Boston Harbor rates) and 8 x 10-9/ year.

Q.60 What is your conclusion on this issue?
A.60 My conclusion is that the methodology of extrapolating from Boston Harbor

to the Hudson is inadequate, even considering that a rapid spill does not
always result in a fire, and that a fire doesn't always damage anything.
This is based on a judgment that takes into account the issues I have
discussed above.

I am unable to go much ft.ther at this time with the analysis of the
probability of barge-traffic damage to the intakes.

Q.61 Is there any analysis of how vulnerable the Indian Point reactors would
be to loss of the service water intakes?

A.61 Neither I nor the Staff has done an analysis of this in quantitative
terms, nor do we know of any other such analyses. However, I note that

.

.
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Unit 2's intake has a hard physical connection to the Unit 1 intake, which
should provide adequate cooling for an extended period until repairs can
be made. Hence, Unit 2 has come protection against potential large impact
collisions on its water intakes. In the case of Unit 3, there are backup
pumps in the discharge canal, set below grade level, which would allow
some cooling capability until repairs can.be made. Also, temporary
connections are claimed to'be available for Unit 3 in the event its intake
is lost. However, the time for hookup or its reliability are knot known.

I note that in the event of major damage to service water intake, the
reactors would have been scrammed and therefore only the dacay-heat part
of residual heat removal, plus heat from active pumps, would need removal,
a substantially smaller requirement than requiring removal of the full
active heat of an operating reactor at power.

Thus, there is some indication that the plants would in neither case be
fully vulnerable to loss of an intake, but I cannot quantify this in a

useful way, nor say what effect it would have on risk from either IP
plant.

.

Q.62 What is your overall position on the numerical likelihood of a serious
reactor accident that would begin with a Hudson River accident?

A.62 My position on the quantitative conclusions of the IPPSS analysis is that
there is a serious methodological error in using Boston Harbor data for
computing accident likelihoods on the Hudson River near Indian Point. -

| Unfortunately, I have no good analysis of my own and the NRC Staff's
attempt to do its own analysis has resulted in a set of bounds that are
not very useful for best estimate purposes, because of both insufficient

.
data and an insufficient methodology.

Unfortunately, this is a rather weak conclusion, but at present it is the
best that can be done numerically, pending development of improved
information and methodology.

i
l i
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Nevertheless, it seems highly likely that the overall risk from barge
accidents is quite small compared to other risks posed at IP, and their
omission from full-scale risk analysis is acceptable.

GAS TRANSMISSION LINES

Q.63 Describe how the IPPSS analyzed the risk from gas transmission lines
passing through the Indian Point site.

A.63 There are two large natural gas transmission lines passing through the
Indian Point site, constructed of carbon steel with diameters of 26 and 30

inches, installed in 1952 and 1965, respectively, and operated by
Algonquin Gas Transmission Company. They operate at about 600 to 650
pounds per square inch (psi) pressure. The pipelines are buried in
trenches excavated to about three feet in rock, according to IPPSS. They
are inspected twice annually by foot patrol, monthly by vehicle patrol
near vehicle crossings, and twice weekly by aerial survey looking for
activities (construction, etc.) that could be hazardous and for dead
vegetation that might indicate a gas leak.

The issue is whether a failure of either pipe could compromise the safety
of either reactor. Since the nearest facilities for Unit 3 are about 400
feet from the pipeline route and those for Unit 2 are about 1000 feet
away, the analysis for Unit 3 is the more critical.

The IPPSS methodology uses average pipeline accident rates for the entire
United States. Specifically, it uses about 500 accidents per year over
about 280,000 miles of pipe, or about 2 x 10-3 per mile. It is assumed

( that one mile of pipe is vulnerable near the Indian Point site (a one-half
mile section for each of the two pipelines). The IPPSS quotes U.S. Dept.
of Transportation statistics that only about 30% of all failures are due
to corrosion, material defects, or construction errors; the other 70% come
from damage from outside forces such as unintended digging accidents.
Since the IP site is well patrolled, IPPSS assumes that this 70% fraction

i does not apply for Indian Point.

i
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A key issue is whether a leak or rupture could go undetected, and what
fraction of all leaks are the large leaks of concern in our case. The
IPPSS assumes that the likelihood of a small leak going undetected and

,

then growing into a large leak is 0.1, because of the frequent inspections
noted abov,e. It also assumes that 0.07 of all leaks are large leaks,
based on Algonquin's data that in 28 years there have been 13 small and I
large leak on its system..1 out of 14 is 0.07. The IPPSS notes that
"this assumption may be high by a factor of 10." Finally, the IPPSS notes
that the likelihood of the wind blowing from the pipeline toward the plant
is 0.14 (annual data).

.

Using all of these factors, IPPSS calculates that the annual probability
of a large pipeline failure in either of the two lines on a 1/2 mile

stretch near the Indian Point site, coupled with unfavorable winds, is
about 4.5 x 10-7/ year. This figure, if accurate, would represent a very
small risk to the plant, because not every large leak would compromise
plant safety.

Q.64 Do you agree with the basic data and conclusions in the IPPSS on gas
pipeline failures and what separate analysis have you done?

A.64 I accept the basic data and assumptions used by the IPPSS as outlined
above, although I have some reservations about whether the numbers of 0.07
and 0.10 for large leak fraction and small leak growth are correct.

However, I do not agree with the analysis in IPPSS after considering these
t numbers. The Staff has produced its own analysis which I have studied and

with which I agree. The Staff's analysis breaks down the likelihood of
any leak into large leaks (7%) and small leaks (93%), using IPPSS figures.
If 0.10 of small leaks become large leaks because they are undetected as
they grow, then this route yields 9.3% large leaks (93% x 0.10). The
total percentage of all leaks that are large leaks is thus 9.3% + 7.0% =

j 16.3%, rather than the figure in IPPSS which multiplied the values of 0.07
| x 0.10 = 0.007.
1

l
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Using the 16.3% figure, and multiplying straightforwardly into the other
values in IPPSS, the Staff finds a value of about 8 x 10-5 per year per
mile of pipeline for large leaks. This is a factor of about 25 higher
than found in IPPSS, whose value was about 3 x 10-6/ year.

Q.65 Do you have any other issues that you believe were not analyzed in IPPSS
.that are worthy of attention?

A.65 Yes. There are three issues that might be of concern.

The first is the damage to the site electrical system from a pipeline
accident. The second is the chance that a gas rupture could result in gas
flowing toward the plant prior to ignition, being taken up into plant
systems, and only then igniting. Finally, there is the possibility that
after a large leak the pipeline isolation valves might fail so that a
large fireball could be fed continuously by the pumping of more natural
gas out the break, causing a much larger fireball than otherwise.

Q.66 What is the interaction between the pipeline and the electrical system?
.

And what is the estimated risk from this interaction?
A.66 The transmission lines that bring power to the site from the offsite grid

pass directly over the pipeline. Thus it is conceivable that a pipeline
rupture and large fire could compromise offsite power. To estimate how
likely this might be, let us use the Staff's value for a large pipeline
break which was calculated above as about 8 x 10-5 per year per mile.

Even if such a large fire totally compromised offsite power every time,i

| this rate of failure would be acceptably small. But such a failure every
time is highly conservative: without any analysis this event would seem
to be at least as unlikely as only a 1% or 10% chance, and probably smal-
ler. Accordingly, this problem seems not to be an important contributor

,

to risk.

Q.67 What is your concern about the likelihood that gas could flow toward the
plant after rupture and ignite only after reaching the plant?'

|

|

1
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A.67 There are two scenarios in which this could occur: in the first, a very

unusual wind pattern could blow gas toward the reactor facilities prior to1

ignition, overcoming the normally high buoyancy of natural gas, which is
much lighter than air. In the second, one could imagine that the high
buoyancy of the gas is reduced because of expansion cooling, in which the
gas (originally at high pressure, say about 600 psi) cooled significantly
during escape, so that its density was higher than air rather than lighter
as at normal temperature and pressure. Expansion cooling is a well-known
phenomenon, usually happening during expansion from a nozzle-like source
at high pressure.

While this effect cannot be quantified well, and indeed has not been
quantified to my knowledge, it is reasonably clear to me that this issue4

is probably not an important one at Indian Point. The amount of gas
escaping from a nozzle whose orifice is small enough to provide signifi-
cant expansion cooling is probably very small compared to a size that
could produce large volumes of gas... and the likelihood that any expan-
sion-cooled gas would remain cold enough, without wanning through mixture
with the air, is very small when one considers that it must travel several
hundred feet before it reaches important safety functions at either reac-

| tor. Thus, while analysis to allay this concern fully has not been done,
the issue seems to me to be unlikely to produce a major incremental risk
in our case.

|

Q.68 What is your concern about the likelihood that a large fireball could be
i continuously fed because of failure of pipeline isolation?

A 68 The issue is that isolation valve failure could produce a continuously fed
fireball as natural gas from far upstream in the pipeline is pushed out of
the failed pipe. The question is how likely this event is overall.

!
Again, this event can be bounded acceptably. The overall likelihood of a
large pipe break within one mile of pipe was estimated as about 8 x 10-5
per year (see above). Even if failure of the isolation valves were to
occur every time, there would be a fireball of this character only every
12,000 years or so. Such fireballs would, however, in all likelihood be

!
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localized to the region near the pipeline, with little chance of spreading
to the plant except under the most unusual wind conditions. Thus, the
overall threat to plant integrity seems, even without detailed plant

'fragility analysis, to be sufficiently infrequent that its contribution to
overall risk can be ccnsidered small.

Q.69 What is your overall conclusion on the risk from gas pipeline failure near
Indian Point?

A.69 My overall conclusion, taking into account the discussion just above on
the various issues concerning gas pipeline failure, is that the core-melt
risk to Indian Point from gas pipeline failures is considerably less than
the core-melt risks from the other sources, and that omitting a full-scale
quantitative risk analysis for pipelines at IP is acceptable.

Q.70 Does this conclude your prepared testimony?
A.70 Yes.

.

,
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