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PROCEEDINGS
JUDGE GLEASON: Shall ve proceed, please.
Mrs. Moore, do you want t> call your
vitnesses.
MS. MOORE: The Staff calls Roger Blond and
Frank Rowsome to the stand.
(Witnesses sworn.)
Whereupon,
ROGER BLOND
and FRANK ROWSO¥XE,
called as witnesses by counsel for the Regulatery Staff,
having first bdeen duly sworn by the Chairman, vere
examined and testified as follows:
DIRECT EXAMINATION ON BEHALF
OF THE BREGULATORY STAFF
BY ¥S. MOORE:
Q ¥r. Rowsome, would you please give your name
and business addrec<s.
A (WITNESS ROWSOME) Frank H. Rowsome, III,
Nuclear Regulatory Commission, Washington, D.C.
Q Okay. M¥r. Blond, would you state your name
and address, please.
2 (WITNESS BLOND) Roger M. Rlond, U.S. Nuclear
Regulatory Commission, Washington, D.C.

Q Yr. Powsome, what is your position with the

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W, WASHINGTON, D.C. 20024 (202) 554-2345
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NRC?

A (WITNESS ROWSOME) Since the last time I was
here testifying, my assignment with the NRC has
changed. I am now the Assistant Director for Technology
in the Division of Safety Technology in the Office of
Nuclear Reactor Regulation.

Q Mr. Blond, what is your position with the
NRC?

A (WITNESS BLOND) I am the Section leader in
the Division of Risk Analysis of the Office of Research
in the U.S. Nuclear Regulatory Commission.

Q Gentlemen, do you have before you a document
entitled "Direct Testimony of Frank Rowsome and Roger
Blond Concerning Commissiun Question No. 1"?

A (WITNESS RO¥WSOME) VYes, vwe do.

0 Was this testimony prepared hy you or did yonu
participat2 in its preparation?

A (WITNESS ROWSOME) Yes.

A (WITK:SS BLOND) Yes.

Q Do you have any addictions or corrections to
this testimony?

A (WITNESS ROWSOME) Yes. There's an errata
sh.2t dated February 7, 1983.

Q Poes that errata sheet contain all the

additions and corrections to your testimony?

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345
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A (WITNESS ROWSOME) Yes, it does.

0 With these changes to your testimony, is the
testimony true and correct to the bast of your
knowledge, information and belief?

A (WITNESS ROWSOME) les, it is,

B (WITNESS BLOND, VYes, it is.

Q Do you ador. this testimony as your testimony
in this proceedinj?

A (WITNESS ROWSOME) VYes.

A (WITNESS BLOND) Yes.

MS. MOORE: Copies of this testimony have been
delivered to the Boari, to the parties and to the court
reporter. I now ask that the testimony, the errata
sheet, and the attacaed professional gualifications be
received into evidence and bound into the record as
though read.

JUDGE GLEALON: Is there objection?

(No response.)

JUDGE GLEASONs; Hearing none, the testimeny,
the errata sheet and the professional backgrcund cf the
vitnesses will be received into evidence and bound into
the record as if read.

(The documents referred to, the testimony,

errata sheet and the professional qualifications of

7169

Hessrs. Rowsome and Elond, received in evidence, follow:)

ALDERSON REPORTING COMPANY, INC,

400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

)
)
CONSOLIDATED EDISON COMPANY OF NEW ) Docket Mo. 50-247-SP
YORK (Indian Point, Unit No. 2) ) 50-286-SP

)

)

)

POWER AUTHORITY OF THE STATE OF NEW
YORK (Indian Point, Unit No. 3)

DIRECT TESTIMONY OF FR~..” ROWSOME AND ROGER BLOND
CONCERNING COMMISSION QUESTION 1

Q.1 Mr. Rowsome, please state your rame and business address for the
record.
A.2 My name is Frank H. Rowsome, my business mailing address is

U.S. Nuclear Regulatory Commission, Washington, DC 20555.

Q.2 Please identify your position with the NRC and describe your
responsibilities in that position.

A.2 I am Deputy Director of the Division of Risk Ana ysis within the
Office of Nuclear Regulatory Research. [ assist the Director in
planning and managing the research program in risk assessment,
probabilistic safety analysis, operatons research, reliability

engineering, and related regulatory standards development.

Q.3 Have you prepared a statement of your professional qualifications?
A.3 Yes, the statement of my professional qualifications is attached to

this testimony.

(1)




your

Section of
the Office of
ponsible for providing techni-

nethods and research in

applications in risk

/ou prepared a statement of your professional qualifications?

Yes, a the statement of my professional qualifications is attached

to this testimony.

What is the purpose of this testimony?
The purpose of this testimony is to introduce the NRC Staff
testimony bearing upon Commission Question One concerning the risk

y

arising from possible accidents at Indian P)int Units 2 and 3. We

outline the risk-related testimony, provide background

t the role of risk assessment techniques, and
studies of

accidents at Indian Point Units 2 and 3.
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Q.8 How is the whole of the testimony on risk organized?
A.8 The testimony is organized according to the following outline:
i INTRODUCTION TO TESTIMONY CN THE RISX-RELATED QUESTIONS
II. Unused heading.*
ITI. STAFF EVALUATION OF RISK POSED BY INDIAN POINT UNITS 2 AND 3.
A. Accident 1likelihood

B. Radiological Releases

C. Accident Consequences

IV. SUMMARY RESPONSE TO THE COMMISSION QUESTIONS ON RISK

A. Staff answers to Commission questiors on risk

What risks are posed by potential accidents at Indian

7oint Units 2 and 3 as they were when the IPPSS was done
and as they will be in 19837

B. How will the risk change with --

improvements in Emergency Preparedness?

C. Accuracy of the Staff Risk Predictions .

V. CONTENTIONS AND BOARD QUESTIONS

* Note that [l is an unused heading. (Material prepared for Section II
has been merged with I for clarity and continuity)
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How has the staff interpreted the phrase, "serious accidents...
including accidents not considered in the plant's design basis",
which appears in Conmission Question 1?

The staff has taken the phrase "serious accident" to be synonymous
with severe core damage and core melt accidents. Concerns with the
safety of the plant center upon the highly radioactive fission
products that accumulate in the reactor fuel as the byprcduct of the
encrgy-releasing nuclear reaction. The core of an operating nuclear
power plant contains radioactive materials which, if ineffectively
contained, can cause substantial harm to workers, and to the
population and environment in the vicinity of a plant. Even after
an operating reactor is shut down, a mechanism for releasing
radioactivity exists. This is called the "afterheat" or "decay
heat" produced in the fuel after the nuzlear chain reaction ceases.
This afterheat diminishes gradually once a nuclear reactor is shut
down, but within the first hours or days after shutdown, the
afterheat released within the fuel has the potential to melt the
fuel and breach each of the several barriers used to obstruct the
release of radioactive materials. Such a phenomenon may take place
if the afterheat in the fuel is not dissipated in controlled ways.
Because a "core melt" accident has the potential to release large
quantities of radioactivity, it is the principal cause for concern

among potential nuclear reactor accidents.

There is a spectrum of accidents involving the reactor that stop

short of severe core damage. The design basis accidents are among
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thesc.* Some of these accidents entail releases of very smail
amounts of radioactivity, but the releases are far too small to pose
a risk to public health and safety, principally because too little
of the fission products escape from the fuel to give rise to
appreciable doses or contamination offsite. Some of these accidents
can do costly damage to plant equipment, but the risk posed by
offsite radiological effects is negligible for these accidents which
stop short of severe fuel damage. A1l of the accidents at domestic
light water reactors (and at foreign light water reactors of
domestic design) that have occurred have been of this very much less

type, except for the accident at Three Mile Island.

There are several places in a nuclear plant where radioactive
materials are stored in addition to the reactor core. These include
the spent fuel storage facilities and the radiocactive waste handling
and treatment facilities. Studies such as the "Reactor Safety
Study" (WASH-1400) and have shown unambiguously that both the risk
posed by accidents and the potential hazards from these materials
should an accident occur are far lower than for core melt accidents.
Thus we can confine our attention to the spectrum of accidents

involving severe core damage or meltdown.

*For purposes of regulatory accident analysis and siting considerations.
This is a non-mechanistic assumption. Realistic risk analysis, on the
other hand, postulates core damage only in scenarios entailing
inadequate core cooling. The design basis accidents, mechanistically
analyzed, do not en.ail tevere core damage.
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Q.10 What is meant by "risk" in the context of nuclear reactor accidents?
A.10 The technical meaning of risk, as used by the NRC staff, is very
. much like the definition in common English usage. Risk is a measure

of danger that is proportional to both likelihood of accidents and
the severity of the consequences. That is, risk is 1ikelihood
multiplied by consequences. We speak of distinct measures of risk
for each type of undesirable consequence: early death, early
injury, delayed (latent) cancer, genetic effects, or property

damage.

rfathematically, risk may be portrayed as a graph that displays the
severity of the outcome of an accident, e.g., number of casualties,

. versus the likelihood or frequency of an outcome of at least that
severity or greater severity. These graphs are often called
"CCDFs," a shorthand term for th.ir formal statistical name:
Complementary Cumulative Distribution Functions. A simpler
mathematical measure of risk is a single number: the expected value
of risk. This is an annual average consequence of accidents. For
example, an accident that causes one thousand casualties and occurs
once in a thousand years has an expected risk of one casualty per
year. 50, too, does an accident that occurs once a year and causes
one casualty. Thus, the expected value of risk, though simpler than a
risk graph 1ike a CCDF, carries less informaticn.

Q.11 What is risk assessment?
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Q.12

A.12
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Risk assessment is the discipline of constructing mathematical
models that estimate risk. In the context of nuclear reactor
accidents, risk assessment entails three principal stages of
analysis. In the first stage, accident sequences are identified and
the Tikelihood of occurrence of each sequence is estimated. In the
second stage, estimates are made of the dameaue to the reactor fuel,
the success or failure of the containment systems, and the gquantity
of radioactive materials released to the air and/or groundwater. In
the third stage, estimates are made of the consequences beyond the

site boundary from the radioactivity released.

How are possible accident sequences identified and estimates
obtained of the likelihood of each?

The process of identifying the variety of reactor accidents
involving the reactor core begins with catalogs of initiating
events, which are disturbances in reactor operation that have the
potential to lead to releases of radiation were it not for the
intervention or presence of safety systems. Next, the accident
sequences are classified according to whether or not systems that
can affect the course of the accident operate successfully. Event
trees are used in both the qualitative cataloging of accident
sequences and in the evaluation of their likelihood. Generally,
there is one event tree for each distinct class of initiating event.
The event trees display branch points which depict alternative
accident sequences. A branch is shown for each system or function

whose success or failure leads the incident down a different path.
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Thus each route through an event tree depicts a distinct accident

sequence.

Next, nmodels of system reliability are constructed. This is
commonly done with "fault trees" tha’ trace the origin of system
failures to discrete component fai'ures or human errors. A
completed fault tree is nothing more than a gigantic sentence in
formal logic which can be read: "The system will fail if A happens
or if B happens or if C and D happen :ogether or if...," and so
forth. These trees catalog the variety of ways a system or group of
systems can be disabled. These trees can also be translated into
mathematical models which calculate the probability of system
failure as a function of the probabilities of the many potentially

contributing component failures or human errors.

Finally, the catalogs of initiating events, event trees, and fault
trees, are assembled into a mathemaiical model that permits accident
sequence likelihoods to be calculated from initiating event

frequencies, component failure rates, and human error rates.

For more detailed information about accident sequences and their

probabilities, see Section III.A.

What does the containment analysis portion of a reactor risk

assessment entail?
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The objective of this phase of the risk assessment is to calculate
for each accident sequence the timing, quantity, and form of
radicactive materials released from the plant. This is done

with conventional deterministic (rather than probabilistic)
computer-aided calculations of the physical and chemical processes
taking place during the evolution of the accident. An analysis is
made of the status of core cooling to identify if and when the core
overheats. If the analysis predicts core damage or meltdown, then
one proceeds to calculate the timing, form and quantity of
radioactive material released from the fuel. The slurping of the
fuel within the reactor vessel and the attack of the molten core
upon the reactor vessel are also analyzed to explore the timing and
physical phenomena associated with vessel failure. These analyses
generate predictions about releases of steam, energy, and fission
products, and about the possibility of missiles from the more
violent vess21 fuilure modes. This information is treated as input
data to an analysis of the plenomena taking place within the
containment building. Further analyses calculate the pressures,
temperatures, and composition of the atmosphere within the
containment building as the accident evolves. These analyses
consider whether or not the containment building remains isolated,
whether or not coolers or water sprays are operating within the
containment building, whether or not the molten fuzl reacts
violently with water in the bottem of the reactor cavity, whether or
not the moiten fuel is cooled there or attacks the concrete floor of

the containment building, and so forth. The endpoint of these
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calculations is an evaluation of whether or not the containrment
building fails, how it fails, when it fails, and what materials and

energy escape from it to the biosphere.

For more detailed information on containment analysis, see

Section III.B.

What does the consequence analysis portion of a reactor risk
assessment entail?

The objective of the consequence analysis portion of a reactor risk
assessment is to predict the l1ikelihood and extent of early deaths
and injuries, delayed deaths and injuries, and offsite property
damage caused by reactor accidents. These predictions are made

by first calculating the dispersion of radicactive materials
released to the open air or subsoil. These calculations are
essentially deterministic, although a probabilistic treatment is
given to the variety of weather conditions at a site which might
prevail at the time of releases. They result in estimates of the
1ikelihood and severity of radicactive expostre at locations
outside the reactor site via the air, air-to-ground, or liquid
(groundwater) pathways. These calculations result in predictions
of the doses of radiation to which members of the population might
be exposed at various locations over time. Since these models
predict the timing as well as the location of potential doses, a
mathmetical model of emergency response can be and generally is
employed that accounts for removal of people, either before the

radioactive plume arrives or after it passes.
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Dose-response relationships are empioyed to translate calculated

doses into effects such as death, radiation illness, cancer, or

. genetic effects. Assessments of property damage are calculated in
terms of the losses sustained in relocating people from contaminated
areas, of the interdiction of contaminated foodstuffs, and of
post-accident cleanvp outside the perimeter of the licensee's

property.

Risk assessments do not normally count the losses suffered by the
plant owner in the property damage assessments. These losses
typically would include lost ~apital investment in the facility,

replacement power, and onsite cleanup.

It is worth noting, however, that these lcsses by the plant
owner are predictably much larger than those suffered by the public
due to radiation releases for all but the most extremely severe of

potential reactor accidents.

For more detailed information on consequence analysis, see

Section III.C.

Q.15 What are the principal strengths and weaknesses of reactor risk
assessment?
. A.15 Reactor risk assessments derive most of their strengths and

weaknesses from the attem.t toc give a comprehensive, balanced,
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realistic model for predicting reactor risks. Probabilistic risk
assessment (PRA) is the only known form of reaztor safety analysis
that can treat multiple component failures, system interactions, and
human error in an integrated way. PRA is also unique in providing a
comprehensive context for each aspect of reactor accident

susceptibility.

The attempt to be comprehensive, however, is bought at a
considerable price. The rich variety of root causes, accident
sequences, and natural phenomena can only be modeled in & highly
approximate way. PRAs are uniquely valuable for their ability to
medel the integration of very complex phenomena, but the many

approximations make PRAs imprecise.

PRAs are constructed on a coherent, logical framework on which is
stretched a fabric of numerous, often-simplistic approximations.
There are some holes in the fabric, as well. For example, we do not
know how to predict the likelihood of sabotage attempts. We have
not yet mastered the art of including the contributions to reactor
accident susceptibility made by those design errors that are not
revealed by either design documents, surveillance tests, or reac*or
uperations. We are not very good at predicting the likelihood thut
operators mignt misdiagnose an incident, and so eiiploy the wrong

procedures.

Such Timitations make PRAs rather unreliable at predicting the

precise magnitude of risk. They are, however, very successful at
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A.17

T

Force made it: report to the Conmission by written report
SECY-80-283 on June 12, 1980. This Task Force Report was later
published as NUREG-0715 in August 1980. The report NUREG-0715 is
adopted as part of this testimony with respect to those portions
which deal with accident risks. Some further analyses, not
described in SECY-80-283 or in NUREG-0715, were completed after
SECY-80-283 and presented to the Commission in oral briefing on

June 26, 1980.

What occurred after the release of the Reactor Safety Study?

In the several years following WASH-1400 there was much debate about
the probabilistic risk assessment (PRA) methodology that was devel-
oped. The debate culminated in the publication in September 1978

of NUREG/CR-0400, the Risk Assessment Review Group Report (Lewis
Conmittee Report). This report was the principal basis for a
Commission statement on January 18, 1979, on the use of PRA.
Contrary to widespread belief, neither the Lewis Committee report
nor the Commission statement disavowed the Reactor Safety Study or
the use of PRA. What was disavowed was the short Executive Summary
of WASH-1400, which was judged to be an inadequate representation of
the Reactor Safety Study. Both the Lewis Committee Report and the
Commission statement encouraged careful use of probabilistic risk
assessment, especially for setling priorities for regulatory atten-
tion. The Three Mile Island (TMI) accident, which came just over a
month after the Commission statement, was a graphic example of the

need for substantial changes in regulatory emphasis. Probabilistic
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risk assessment offers a more rational alternative to understanding
the safety significance of a reactor design and site. Since the TMI
accident there has been increasing use of PRA in regulatory activities,
typical of this was the Commission's specific call for risk analysis

in the Indian Point case.

Q.18 What reactors have been analyzed using PPA methods?

A.18 The growing use of PRA since the TMI accident has led to the conduct
of many risk studies, which have often interacted with one another
even before publication of their results. This interaction is
especially important in the case of the Task Force study of Indian

Point risk.

The Reactor Safety Study evaluated two reactors as surrogates for
the first 100 U.S. power reactors, a Westinghouse 3-loop pressurized
water reactor (PWR), Surry, with subatmospheric large dry
containment; and a General Electric boiling water reactor (BWR),
Peach Bottom, with a Mark 1 pressure suppression containment.
Because of the diversity of reactor design, the NRC initiated the
Reactor Safety Study Methodology Applications Program (RSSMAP) to
study other reactor types with essentially the same methodology.
Four plants were sclected: a 4-loop Westinghouse PWR, Sequoyah-1,
with an ice-condenser containment; a 2-lcop Babcock & Wilcox PWR,
Oconce-3, with a large dry containment; & 2-loop Combustion
Engincering PWR, Calvert Cliffs-1, with a large dry contzinment; and

a General Electric BWR, Grand Gulf-1, with a Mark II! pressure
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suppression containnent. The resources available did not permit
analysis of these plants to the same extent as was done for the
Reactor Safety Study so the basic event trees and fault trees of the
Safety Study were adapted to these plants based on information
obtained from the Final Safety Analysis Report and from some plant
visits. Much of the work was concentrated on the analysis of the
different containment types. The partial results of the RSSMAP
studies which were available in May 1980 played an important part in
the Task Force's Indian Point risk assessment. Three of the four
RSSMAP reportsl/ have now been published and the fourthg/ is in

final review.

Still another plant risk assessment program has been started by the
NRC, the Interim Reliability Evaluation Program (IREP). The first
phase of IREP was the study of one plant, a Babcock & Wilcox PWR,
Crystal River-3, with a large dry containment. The draft report on
Crystal River-3 was available in May 1980 and provided some addi-
tional understanding of the important accident conditions for the

Indian Point study. The Crystal River-3 IREP report has since been

NUREG/CR-1659, Reactor Safety Study Methodology Applications Pro-
gram, Part 1 of 4, Sequoyah #1 PWR Power Plant; Part 2 of 4,
Oconee #3 PWR Power Plant; Part 4 of 4, Grand Gulf #1 DR Power
Plant.

NUREG/CR-2515, Crystal River-3 Safety Study, Vols. 1 and 2, January
1982.
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published.gf The IREP is now in its secon* phase with a standardized
methodology guide and the trial study of four plants nearly com-
p]ete.éj One of the Indian Point plants was to have been included

in IREP but the owners of both elected to do a separate, more
comprehensive risk study, since IREP focuses principally on systems

analysis and the calculation of core melt§/ probability.

What was the Indian Point Short Term Risk Study?

The purpose of this study was to perform a short-term risk evalua-

tion of the Indian Point 2 and 3 plants. This evajuation was to be
used in developing a risk perspective for this high population

density site and to identify improvements in design or operation

which in the interim have the potential for risk reduction while &

more thorough evaluation by the NRC staff and licensee were per-
formed. The short turnarcund time 21lowed for this effort required the

use of a simplified approach. As such, the probabilistic risk

jw

The four IREP plants are Browns Ferry-1, Calvery Cliffs-1,
Millstone-1 and Arkansas-1. Two have been published.

It should be noted ihat the analysts who performed the Reactor
Safety Study defined core melt as the failure to deliver prescribed
core cooling. As the TMI accident demonstrated, degarded core
colling can exist for hours without full-scale core melt.
Nevertheless, most PRA analysts do not attempt to distinguish
scvere core damage from core melt and follow the Reactor Safety
Study p;actice of treating degraded core cooling as synonymout with
core melt,

The Staff has performed a comparison of the benefits of new
mitigation systems in NUREG-C850 and the Licensee has performed a
detailed PRA,
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estimates obta. :d are subject to consicerable uncertainty,
including possible error or inaccuracies. However, the risk
perspectives obtained, when combined with good engineering judgment,
represent a useful guide to identifying relative risks and potential

risk reduction measures.

What was the technical approach taken in the study?

The technical approach taken in this study was to use event tree
methodology combined with insights on dominant accident sequences
obtained from WASH-1400, RSSMAP, and IREP programs to identify and
probabilistically quantify the accident sequences for tne Indian
Point 2 and 3 designs. These previous risk studies have shown that
a handful of accident scenarios would most likely define and
dominate a reasonably complete set of core-melt scenarios for a PWR
design. Against this experience the Indian Point designs were
briefly reviewed. Particular attontion was given to identifying
common interactions which could affect more than one vital system or
could be caused by a single initiating event. The designs were also
surveyed for single point vulnerzbilities in systems or potential
human errors which might significantly influence the 1ikelihood of
accident sequences. This information was used in the development of
event trees to identify the accident sequences appropriate to the

Indian Point plants.

Insights from the previous risk studies and accident sequence

analogies were also used in the development of containment failure
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mode probabilities and fission product releases. During the course
of this brief review, no risk-significant differences between Indian

Point 2 and 3 were identified.

What specific event trees were developed in the study?

Event trees are developed from specific accident initiating
conditions. Loss of coolant accidents (LOCA) and transient events
(e.g., loss of offsite power) represent the two dominant types of
initiating events considered in the Indian Point study. Four event
trees were constructed to define the set of accident sequences which
could result from significantly different initiating events.
Considering the Indian Point design, the LOCA initiators were
divided into tliree event trees, namely: (1) large and intermediate
size pipe breaks greater than 2" diameter; (2) small pipe breaks
less than 2" diameter; and (3) high to Tow pressure s:stem interface
ruptures (Event V). Transient events analyzed in the study included
fuilure to "scram" and those events which would cause interruption

of main feedwater (including loss of offsite power).

What was the core melt probability estimate?

A rough estimate of the overall core-melt probability at Indian
Point was made for the plant prior to changes ordered by the
Director, NRR, in February 1980. The estimated probability, which
has been corrected for minor arithmetic error, is about 4x10 g per
year. Due to the February 1980 orders, several improvements to

plant operation were identified and a reevaluation of the core melt
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probability was made assuming these improvements were incorporated.
The revised core melt probability was estimated to be about 1x107°

per year.

What are the limitations associated with the approach that was
taken?

This short-term risk study of the Indian Point plants has notable
limitations because of the methodology used. This study is
incomplete; in effect it only looked for dominant risk where
dominant risk had been found before in previous assessments of PHWRs.
If the Indian Point plants suffer from some unique vulnerability
which has not been identified before, then this study would not
discover it. Thus, this study has a bias which would underestimate

the risk of the Indian Point plants.

Accident sequences can also be initiated by external events such as
earthquakes, fires, and nearby explosive or toxic chemical hazards.
Such accident sequences would be similar in nature to the LOCA and
transient sequences; however, it is much more difficult to develop
quantitative estima.es for the probability of occurrence of external
events. It should be noted that the Indian Point short-term risk
study analyzed only the risk of internal events. It did not include
treatment of external conmon cause events such as earthquakes and
fires because such events were not treated well in WASH-1400 and not
treated at all ir the RSSMAP and IREP studies. Probabilistic risk

analysis of external common cause events is not yet as well
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developed as PRA for internal events. Attempts to quantify external
events made in previous risk assessment (e.g., WASH-1400, Zion
Probabilistic Safety Study) have shown the annual probability of
occurrence for such events to be low (i.e., 10-5 - 10-7) in
comparison to the probability estimates that have been made for
accident sequences associated with LOCAs and transients (i.e.,

10-3 - 10-4).

In addition to the above limitations, it must be emphasized that

the short-term study of the Indian Point plants took about two
nan-months of effort for the entire analysis. For comparison, the
Reactor Safety Study Methodology Application Program took about one
to three man-years of effort per plant and the Interim Reliability
Evaluation Program tock about eight to ten man-years of effort per
plant. The Indian Point Probabilistic Safety Study, IPPSS, has been
estimated to have taken 50 man-years ¢f effort. As will be attested
to in forthcoming testimony, the IPPSS represents a significant
improvement in our level of understanding about the plants' design
and operation. Included in the analysis is a comprehensive study of
both Units 2 and 3 and a state-of-the art external hazards common
cause anelysis which harbored the dominant contributors to the ris'.

at the plants.

Please provide a brief introduction to the work done by the staff in
the last two years to update the analysis of the risks pcsed by
accidents at Indian Point Units 2 and 3 that was presented to the
Commission in the summer of 1980 and published as NUREG-0715.
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A.24 In the spring of 1980, Harold Denton, Director of the Office of
Nuclear Reactor Regulation, charged the staff with preparing an
analysis of the desirability of backfits to the Indian Point and
Zion plants. The basis for this action was the evidence that these
plants may pose a disproportionate share of the societal risks
compared with other commercial nuclear power plants by virtue of the
comparatively high population density surrounding these plants. The
objective of these studies was to determine if retrofits to these
plants were warranted to improve the capability of the plants to
mitigate the consequences of core melt accidents, in order to reduce
the risk so that these plants no longer pose & disproporticnate

share of the risk - if, in fact, they do.

Thus, the staff embarked on a project to evaluate the effectiveness
and reliability with which the containment systems at Indian Pgint
and Zion could bottle up severe reactor accidents, and to evaluate
the risk reduction potential associated with a number of

hypothetical retrofits including:

(1) filtered, vented containment systems,
(2) combustible gas control systems, and

(3) core retention devices.

The original product envisioned for these studies was a report or
series of reports laying the technicai groundwork for a regulatory

decision on retrofitting the plants.
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While these studies were getting under way, the Commission chartered
a task force which developed perspectives on the risk posed by the
possibility of accidents (the results were published as NUREG-0715)
and issued the Memorandum and Order of January 8, 1981 establishing

this hearing.

These ongoing studies of accident mitigation were continued with an
enlarged scope: they were to constitute the technical basis with
which to provide the staff's answer to the Commissicn questions on
risk posed to this board, as well 3s meet the original goal of

evaluating mitigation concepts.

The principal thrust of these studies remained on the mitigation
retrofits until the fall of 1981, and culminated in the publication
of "JREG-0850, Vol. 1 "Preliminary Assessment of Core Melt Accicents
at the Zion and Indian Point Nuclear Power Plants and Strategies for

Mitigating Their Effects," November 1981,

Since that time, the studies have been refined, improved, and

expanded to address the questions on risk before the board.

These staff studies have focused upon two of the three principal
phases of a reactor risk assessment: the containment analysis and
the consequence analysis. The staff has developed a position on
these two aspects of the risk that is fully independent of the
Indian Point Probabilis ic Safety Study submitted by the licensees.
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The technical materiz! in Section III.B and III.C of this testimony
on the containuent analysis and on the consequence analysis will
describe the staff analyses and also contrast them with the licensees’

corresponding analyses.

The remaining principal element of any PRA is the classification of
severe accident sequences leading up to a challenge to containment
systems and the evaluation of their likelihood. The scope of this
portion of a PRA entails the evaluation of the susceptibility of the
plant to the possible occurrence of core damage or core meltdown
accident. The NRC Office of Nuclear Regulatory Research has
considerable experience conducting such studies of a variety of
nuclear power plants but has not done such a study of Indian Point,

beyond the short term study described in NUREG-0715.

In NUREG-0850, the need for accident likelihood information was
filled by the severe accident susceptibility assessment in
NUREG-0715 and later improvements on it done in much the same way.
That is, it was presumed that the risk-dominant accident sequences
at Indian Point were the same as those found in full PRAs of other,
similar reactor plants, but the reliability of the systems whose
failures give rise to these accident sequences was reevaluated to
reflect the specifics of system design at Indian Point. The Staff
analysis of the probability of system failure for NUREG-0715 is
documented in Appendix 1 of NUREG-0773. The Staff has been well

aware that this approach to severe accident susceptibility analysis
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might miss vulernabiiities not previously highlighted in PRAs of
other plants and planned to revise our assessment in the 1ight of

the Licensee's study and our critical review of it.

Since the Licensee's study is more comprehensive than the Staff's
prior assessment, we have adopted their assessment of core-melt
accident sequence likelihoods as a starting point in developing

our own,

The Staff contracted with Sandia National Laboratory to critique
the accider* likelihood portion of the IPPSS and to prepare an
improved estimated of the likelihood of severe reactor accidents at
Indian Point Units 2 and 3. The Staff has also reviewed both the

IPPSS and the Sandia Draft Letter Report.

The Staff has drawn upon the SNL work, our own reviews, and upon
the IPPSS in developing our estimates of the likelihuod of severe

reactor accidents.

What is your summary impression of the Indian Point Probabilistic
Safety Study?

The Indian Point Probabilistic Safety Study (IPPSS) is a more
comprehensive reactor risk assessment than any publiched in the U.S.
heretofore. It employs approximations that, on balance, are no less
conservative than those employed in PRAs done by or for the staff.
The licensees deserve a great deal of credit for tackling and

pubTishing this massive and pioneering safety analysis.
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The study is noteworthy in that it gives a more thorough accounting
than prior PRAs have done of accident initiating events, both those

originating in the plant and those due to external events such as

earthquake or storms. The Indian Point Probabilistic Safety Study,

and the sister study done on Zion, have also broken new ground in
the thoroughness with which the challenges to containment by severe
reactor accidents have been investigated. So, too, has the staff

st dy of containment challenge phenomena. The IPPSS has also

pioneered a technique for the propagation of uncertainties that can
accommodate the effects of modeling approximations, phenomenological
uncertainties, and completeness as well as the more commonly treated

statistical uncertainties.

All the generic Timitations of the state of the art in risk
assecsment described above apply to this study. Many of the
approximations that form the fabric of the risk predictive models
are known to be pessimistic. Some others are known to be
optimistic. For some others, we do not yet know whether the models
are conservative or optimistic. We shall know more after our
critical review is completed, but the state of the art is such that
many of the approximations in the models cannot be unambiguously

identified as optimistic or pessimistic.

' Q.26 Does this conclude your testimony?
A.26 Yes.



PROFESSIONAL QUALIFICATIONS
FRANK H., ROWSOME, 3rd
U.S. NUCLEAR REGULATORY COMMISSION
'I am Frank H. Rowsome, 3rd, Deputy Director of the Division of Risk Analysis in
the Office of Nuclear Reguiatory Research, I have served in tQat capacity since
- Joining the NRC in July 1979, The work entails planring, budgeting, managing
and staffing the Division. Much of the work of the Division is devoted to
research in reactor accident risk assessment, The remainder entails risk
assessment applied to non-reactor aspects of the nuclear fuel cycle and to

standards development related to system reliability or risk.

I received a bachelor's degree in physics from Harvard in 1962, I studied
theoretical physics at Cornell, completing all requirzments for a Ph.D except
for the dissertation in 1965. From 1965 to 1973, I taught and engaged in research

in theoretical physics at several colleges and universities.

In 1373 1 joined the Bechtel Power Corporation as a nuclear engineer, My initial
assignment was to perform accident analyses for nuclear plant Ticense applications.
After six months in that job, I was transferred to a newly formed group of systems
engineers charged with developing for Hechtel a capability to perform risk assess-
ments and system reliability analyses of the kind the NRC was then developing for

the Reactor Safety Studyv. In that capacity I performed reliability analyses of

nuclear plant safety systams, developed computer programs for system reliability
:nalyses, oerformed znalyses of component reliability data, human reliability
énalyses, and event tree znalyses of accident sequences. I progressed from
nuclear engineer, to senior engineer, to group leader, to Reliebility Group
Supervisor before leaving Bechtel to join the NRC in 1979. In this last position

at Bechtel, I supervised the applicaiisa of engineering economics, reliability
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engineering, and analysis techniques to power plant availability optimization.

as well as nuclear safety analysis.

. While scrving as Deputy Director of the Division of Risk fnalysis (and its
anticedent, the Probabilistic Analysis Staff), I also served as Acting Cirector
(7 months), acting chief of the Reactor Risk Branch (3 months) and acting chief
of the Risk Methodology and Data Branch (4 months).

This experience has given me the practitioner's view as well as the manager's
view of those facits of reactor risk assessment entailing the classification of
reactor accident sequences, system relfability znalysis, human reliability
analysis, and the estimation of the likelihcod of severe reactor accidents, I
have the manager's perspective but not the practitioner's experience with

those facits entailing containment challenge analysis, consequence analysis,

and risk assessment applied to other parts of the nuclear fuel cycle.

My role in the development of testimony for this hearing has been as coordinator
of the preparation of testimony on risk and one of the coordinators of the
technical critique of the licensee's "Indian Point Probabilistic Safety Study."

I am not an expert on the design or operation of the Indian Paint p?ants.
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"The Role of System Reliabiiity Prediction in Power Plant Design,”
F.H. Rowsome, III, Power Engineerina, February 1977.

"How Finely Should F.Jlts be Resolved in Fault Tree Analysis?' by
F.H. Rowsome, III, presented at the American Nuclear Society/Canadian
Nuclear Association Joint Meeting in Toronto, Canada, June 18, 1976.

“The Role of IREP in NRC Programs" F.H. Rowsome, ITT, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555.

"Fault Tree Analysis of an Auxiliary Feedwater System," F.H. Rowsome, III,
Bechtel Power Corp., Gaithersburg Power Division, F 77 805-5.



PROFESSIONAL QUALIFICATIONS
ROGER M. BLOND
U.S. Nuclear Regulatory Commissicn
I am Roger M. Blond, Section Leader of the Accident Risk Section, Reactor Risk
Branch, Divisioé of Risk Analysis, Office of Research. I have been with the
NRC sin;e August 1974. 'n my present position, I am responsible for providing
technical and managerial directicn in developing methods and research in
accident risk analysis and jn pefforming'applications in probabi]istic risk
assessment. This work includes: (1):deve1oping risk models for calculating
the physical processes and consequenc;s of reactor accidents; (2) rebaselining
accident consequences and reactor risk; and (3) developing value/impact analysis

methods for reactor design improvements.

In addition to the Section Leader position, I have the following responsi-

bilities:

o I am the Chairman of the International Beachmark Exercise on Consequence
Modeiing, sponsored by the Committee on the Safety of Nuclear Installa-
tions, of the Nuclear Energy Agency, Organization of Economic Cooperation
and Development. As Chairman, I am responsible for organizing and B
directing the comparison study which includes the participation of 30
organizations representiBg 1o countries. The study was chartered to
compare the large number of computer models that had been developed to
calculate the offsite consequences of potential accidents at nuclear

power facilities.



o0 I am responsible for developing the technical rationale for the develop-

0

ment of improved siting criteria. This work includes the development
of a set of representative potential reactor accident source terms,
and a full parametric study of all the factors important to siting

considerations from the risk perspecti. -

I am a member of the Technical Writing Group of the IEEE/ANS PRA
Procedures Guide - NUREG/CR~2300L This effort is developing a source
document on PRA techniques. i am a co-author ~f the consequence
modeling sections of the repo;t.

I am a member of the Department of Energy Working Group on Probabilistic

Risk Assessment.

I am a member of the NRC Incidence Respcnse Center's Emergency Response

Team.

In addition, I am directly involved in the development of a technical rationale

for the NRC's Safety Goal, emergency planning and risponse, and numercus issues

and questions which continuously arise in risk assessment.

I am also a lecturer on consequence modeling and accident analysis for the

NRC Training Course on Probabilistic Safety and Reliability Analysis Techﬁiques.

for the IAEA Training Course on Nuclear Power, and for the George Washington

University Seminar on Probabilistic Risk Assessment.



Risk Analyst

. Before being selected for the Section Leader position, I was Senior Risk

Analyst in the Office of Research. I was responsible for the following

areas:
1. Consequence modeling research and development;
2. Performing and reviewing probabilistic risk assessments;
3. Siting and emergency planning and response criteria development; and
4. I tegrating probabilistic risl assessment techniques into the regulatory
and licensing process. ;
L

Consequencg Modeling Research and Development

I was resbonsible for revising the consequence model that was developed
for the Draft Reactor Safety Study.‘ During the course of that effort,
I developed the following modeling approaches and techniques which were
used for the final Reactor Safety Study consequence model (CRAC) and
are cocumented ia Appendix VI of WASH-1400 and the CRAC User's Guida:

1. Meteorological sampling technique;

2. Difrusion modeling technique;

3. Time-varying meteorological model;

4, Depletion approach;‘

5. Finite cloud correctibn model for gamma shine;
6. Economic model;

7. Statistical sampling teché?que;

8. Emergency response model;

9. Property damage model; and

10. Popu1étion treatment.
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After the completion of the Reactor Safety Study, I developed the
following modeling techniques which have been incorporated into the

CRAC-2 computer code and documented in the CRAC-2 User's Guide:

1. Reviged comprehensive emergency response model;

2. Importance sampling for meteorological data and terrain diffusion
model;

3. Revised dosimetry and health effects review; and

4., Comprehensive results disp1§y package.

I also performed numerous sensitivity and parametric studies on the
models and input used in the consequence model and was responsible for
an extensive research program to investigate the significance of various
related phenomena to risk. This résearch involved from five to ten
contractor personnel. I also have been responsible for preparing and
defending the research program and budget in consequence modeling and
emergency planning before the Senior Contract Review Board and tne

Advisory Committee for Reactnr Safeguards.

Performing and Reviewing Probabilistic Risk Assessments

I was responsible for all of the risk calculations performed for the
final Reactor Safety Stﬁdy. At the completion of the study, I
responded to critiques and questions concerning Probabilistic Risk
Assessment from within the NQC, Congress, other Federal agencies,
contractors and vendors, intervenors, state and Tocal governments,
utilities, and foreign government§. I have also performed risk studies

or comparisons for the following analyses:
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Task Force Report on Interim Operation of Indian Point;

Indian Point and Zion Site Risk and Alternative Containment
Concepts Study;

Hatch consequence study;

Three Mile Island Potential Accident Consequence Study and
Source Term Study;

Generic Environmentql Statement on Mixed Oxide consequence study;
Anticipated transients without SCRAM consequence study;

Diablo Canyon Risk Assessment review; and

Clinch River Bre Jer Reactor consequence analysis review.

I havé 'been responsible for advising and reviewing the following foreign

risk assessments:

HowN

Norwegian Energy Study

Swedish Reactor Safety Study
German Reactor Safety Study
British Windscale and PWR Inquiries

In addition, the Norwegian Government personally invited me to Norwé& to

review the approach and assumptions used in their study.

-~
.

Siting and Emergency Planning and Response Criteria Development

I was the research consultant and member of the NRC/EPA Task Force on

Emergency Planning. For thé work of the Task Force, I was responsible

for formulating the rationale for the emergency planning basis criteria



and was the principal author of the Task Force Report or Emergency
Planning (NUREG-0396). I also was responsible for developing the Emer-
gency Action Level Guidance [NUREG-0654, Appendix 1) which establishes
consistent criteria for declaring emergencies based upon plant para-

meters.

I performed a study on the cost/benefit of issuing Potassium-Iodide

to the general public. Based on  this report (NUREG/CR-1433), Potassium-
Iodide is not being'stockpiIeé for public distribution. In addition,

I have performed numerous stu&ies on emergency protective measures such

as sheltering versus evacuation. I also developed the Three Mile Island

Emergéncy Contingency Plan at the time of the accident.

I develcped a ranking of high population sites which has been used to

designate potentially high risk contributors.

Integrating Probabilistic Risk Assessment Into the Regulatory Process

I have provided technical direction on consequence modeling to the
regulatory and licensing process for the following areas: Perryman
Alternative Site Review; Environmental Impact Statement for Class 9‘.
Accidents; Liquid Pathway Generic Study; in understanding the course
and importance of potEntia] accidents; and in source term deveIopmené.
I have on numerous occasions presented the results of my work on
consequence modeling and émergency planning and response to other
Offices within the agency, other organizations, the Advisory Committee

on Reactor Safeguards, and the NRC Commissioners.



Science Applications, Inc. (SAI), April 1973 to April 1975, Mclean,

Virginia
I was involved with the design and implementation of two major projects.

The first project ':as the Atomic Energy Commission's Reactor Safety
Study. I was a research analyst involved in developing and applying
reliability methods in reactor accident sequence quantification and
error/uncertainty propagation.‘ I also was given responsibiiity for
the development of an improved consequence model for the final version

of the study.

The secohd project was the Federal Trade Commission's Market Basket
Survey. This survey was designed to statistically determine a "typical”
market basket of food for the average family and have an accurate
comparison of grocery store pricing. I-Qas retained as an expert
consultant to the F.T.C. and helped design and implement the survey

and analysis techniques.

Computer Sciences Corporation - August 1970 to April 1973, Arlington, - .

Virginia

I was a task leader with Computer Sciences Corporation where I worked

on the general support contract for the National Military Command System
Support Center (NMCSSC) in the~mode1ing and gaming department. 1
designed, implemented, and documented the Data Base Preparation
Subsystem of the QUICK Reacting General War Gaming model. I was task

leader for the QUICK production support task with responsibilities for



maintenance and production support of the model and the associated
damage assessment models. I was chosen as War Gaming Analysis Section
representative to study and evaluate the consolidation and conversion
of the Antiballistic Missile System (ABM-I) and QUICK Strategic War

Gaming Models.

Imcor-Glenn Engineering, Inc. - June 1968 to April 1970, Rockville,

Maryland

Imcor-Glenn Engineering, Inc. Operations Supervisor, Programmer - ! was
contracted to work for the Naval Ships Rescarch and Development Center

on testing and evaluation of the Small Boats Project (PCF) and on the

Sonar Déme Project. I was also contracted to the Naval Research Laboratory
as site team leader for testing ahd evaluation of Ultra High Frequency
Radio Wave Study. As operations supe}visor for the Data Division of

Imcor, I was responsible for programming and quality control of processed

data.

Awards, Honors, and Publications

I received the NRC Special Achievement Award.on October 29, 1976 and a NRC~-
High Quality Award on May 11, 1978. I was'a session chairman in Consequence
Modeling for the American Nuclear Society/European Nuclear Society Topical '
Meeting on Probabilistic Risk Assessment, September 20-24, 1981 in Port

Chester, New York. I was also a session chairman for the American Nuclear



Society Review Conference on the PRA Procedures Guide, April 1982, in
Arlington, Virginia. For this conference, I organized three formal debates
on current issues in consequence modeling. I have published numerous papers
and reports in probabilistic risk assessment, consequence modeling, siting,
emergency pTanning and respon.e, and on the source term. A list of all

publications is attached.

Education
I was awarded a Batchelors of Science in Computer Science in 1970 and a

Masters of Science in Operatic s Résearch in 1973 from the American University

in Washington, DC.
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AUTHORED OR CO-AUTHORED THE FOLLOWING PUBLICATIONS

echnical Factor Relating Impacts from Reactor Releases to Emergency

*ationship of Source Term Issue to Emergency Planning," EPRI/NSA Workshop
Planning, Bethesda, MD, January 12-13, 1982.

Reactor Safety Study, WASH-1400, Appendix Il and VI.

Nuclear Energy Center Site Survey Stusl, NUREG-001, Exhibit A, Section 6,
part IV, "NEC Accident Risk Analysis.

Reactor Accident Source Terms: Design and Siting Perspectives, NUREG-0773,
draft. :

Regulatory Impact of Nuclear Reaétor Accident Source Term Assumptions,
NUEEG-U77‘. April 1981, :

Task Force Report on Interim Operatidh of Indian Point, NUREG-0715, August
1980.

Planning Basis for the Development of State and Local Government Radiological
xesponse Plans in Support of Light Water Nuclear Power Plants, NUREG-0396,
December 1978.

E. ency Action Level Guidelines for Nuclear Power Plants, NUREG-0610
(Appendix 1 of NUREG-0654, November 1980).

"Consequence Analysis Results Regarding Sitihg," 1981, Water Reactor Safety
Meeting, Gaithersburg, M.

“Calzn’ations of Reactor Accident Consequences: User's fuide," draft.

A Model of Public Evacuation for Atmospheric Radiological Releases, SAND78-
0092, Sandia Laboratories, Albuquerque, NM, June 1978.

Examination of the Use of Potassium Iodide (KI) as an Emergency Protective Measure -
for NucTear Reactor Accidents, NUREG/CR-1433, SANDB0-0981, San5§a National

Laboratories, ATbuquerque, NM, March 1980.

"Radiation Protection: An Amalysis of Thyroid Blocking," IAEA International’
Conference on Current Nuclear Power Plant Safety Issues, Stockholm, Sweden,
October 20-24, 1980.

"Jgternational Standard Problem for Consequence Modeling: Results," Inter-
onal ANS/ENS Topical Meeting on Probabilistic Risk Assessment, Port Chester,
NY, September 1981.

“"Recent Developments in Consequence Modeling," presented at the Jahreskolloquium
PNS, Kernforschungszentrum Karlsruhe, Faderal Republic of Germany, November 1981.



"International Standard Problem for Consequence Modeling,"” International ANS/ENS
Topical Meeting ~n Probabilistic Risk Assessment, Port Chester, NY, September
20-24, 1981,

"Environmental Transport and Consequence Analysis," International ANS/ENS
Topical Meeting on Probabilistic Risk Assessment, Port Chester, NY, September
20-24, 1981. .

“Weather Sequence Sampling for Risk Calculations," Transactions of the American
Nuclear Society, 38, 113, June 1981,

Calculations of Reactor Accident Consequences, Version 2: User's Guide,
NUREG/CR-2326, SANCBT-1994, Sapd?a Naq%onaT Laboratories, ATbugquerque,

U -2326, -
NM, (to be published).

"Investigation of the Adequacy of the Meteorological Transport Model Developed
for the Reactor Safety Study," ANS Topical Meeting on Probabilistic Analysis -
of Nuclear Reactor Safety, Newport Beach, CA, May 8-10, 1978.

USNRC, “"Environmental Transport and Consequence Analysis," Chapter 9 and
Appendiceslq, E, and F in PRA Procedures Guide, Review Draft, NUREG/CR-2300,

1981.

Overview of the Reactor Safety Study Consequence Model, U. S. Nuclear Regulatory
ommission, - . . '




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of
wocket Nos. 50-247-SP
CONSOLIDATED EDISON OOMPANY 50-286-SP

)
3
OF NEW YORK ("ndian Point, Unit 2) )
)
)
)

POWER AUTHORITY OF THE STATE OF

NEW YORK (Indian Point, Unit 3) February 7, 1983

ERRATA SHEET

FOR

DIRECT TESTIMONY OF FRANK ROWSOME AND ROGER BLOND
CONCERNING COMMISSION QUESTION 1

P.1 - A2: DELEIE : Present answer entirely
REPLACE WITH - As of February 6, 1983, I became Assistant
Director for Technology, Division of Safety
Technology, Office of Nuclear Reactor Regulation.
In that position I manage the work of the
Safety Program Evaluation Branch and of the
Reliability and Risk Assessment Branch.

P.2 - A6 - Line 1: CHANGE - '"Yes, a the statement' TO - ''Yes, a statement’’

P.3 - A8 Line beginning IV: CHANGE - "To the Commission Questions on risk''
TO - "To Commission Question One on Risk"
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BY MS., MOORE: (Resuming)

Q dr. Rowsome, would you provide a brief summary
of this testimony.

A (NITNESS ROWSOME) Yes. The purpose of this
testimony is to introduce the Staff testimony on the
risks posel by severe reactor accidents at Indian Point
Units 2 and 3. It gives the technical and historical
background to the Staff studies of risk at Indian
Point.

In particular, the material under Roman III
gives the Staff analysis of the risks III.A, a section
on on accident character and damage state likelihoods;
IIT.B, containment analysis; III.C and D, consequence
analysis and risk results.

The pieces of testimony under Roman IV are the
interpretation of the risk results in response to
Commission guestion 1.

MS. MOORE: Your Henor, the vitnesses are now
available for cross-examination.

JUDGE GLEASON: Mr. BRlum?

¥R. BLUM: Thank you, Your Honor.

CROSS-EXAMINATION ON BEHALF OF INTERVENOR
UNION OF CONCERNED SCIENTISTS
BY MR. BLUM:

Q ¥r. Blond, ¥r. Powsome, neither of you is a

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345



10

11

12

13

14

18

16

17

18

19

21

22

24

25

7171

betting man, are you?

" (WITNESS ROWSOME) Noe.

A (WITNESS BLOND) Not particularly.

Q Yesterday ve had a great deal of philosophical
discussion which got into guestions of epistemclogy,
essentially. 1I'd like to bring us back more in the
direction of physics for a moment. Both of you have had
considerable training in physics, have you not?

A (WITNESS ROWSOME) I have.

Q What I want is for one of you to give a brief
description of the Heisenberg uncertainty principle as a
takeoff for discussion.

A (WITNESS ROWSOME) All right, I can attempt to
do that. The Heisenberg uncertainty principle applies
to simultaneous measurements of position and momentunm,
and it is a conseguence of the wave mechanical origin of
quantum mechanics, and it asserts that one cannot in a
system described by wave mechanics simultaneously
identify both the position and the momentum of the
corresponding particle with arbitrary precision.

Instead, the limit of accuracy is given
quantitatively by Planck's constant.

JUDGE SHON: Mr. Blum, I think the physicists
like to call it the principle of indeterminacy these

days, instead of uncertainty. They like the idea that
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¥R. ELU¥: Thank you, Judge Shon.

EY MR. BLUM: (Resuming)

Q Am I not correct that there is also a certain
kind of crude layman's interpretation of the
indeterminacy principle, that there are certain kinds of
particles that are so small that our ability to measure
them physically has limits such that we cannot assess
certain physical properties with determinacy?

r (WITNESS ROWSCME) The better layman's analcyy
I think is to say that in attempting to measure the very
tiny, the process of measurement itself disturbs the
system to the extent that it isn't the same after
measurement as it was before.

e Thank you.

What I would nov like to ask is whether there
might not .. some analogue to this principle in risk
assessment, such that wve might at some point be dealing
vith numbers so small that measurable differences are
overwhelmai by various artifacts of the methodoloay of
risk assessment?

A (WITNESS ROWSOME) That is not really a good
analogy with Heisenberge There might be a j300d analogy
with the Heisenberg uncertainty principle in the fact

that, having learned something about the risk profile of
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the plant doing a PRA, the plant risk is no lcnger quite
the same because 2f the educaticnal process operating on
those who own and operate the plant and those who
regulate it.

3ut I see no analogy in the small numbers
calculated for details of the risk distributions.

Q You don't see any process inherent in the
proncess of calculating or estimating risks that could
produce some sort of tendency to change the numbers in
some sort of way? You can't conceive of anything like
that?

A (NITNESS ROWSOME) Well, it is certainly true
that the extreleiy small probabilities are a good deal
less probable than the higher probabilities. To be
accurate about truly minuscule numbers is hostage to
completeness and accuracy to a2 greater ertent than the
higher estimates are.

Q Yes, so certainly with completeness a. d
accuracy and probably also uncertainties relating to
input data and modeling uncertainties, there is some
quantum of uncertainty out there that possibly would not
be captured by the uncertainty. That would be fair to
say, would it not?

A (WITNESS ROWSOME) I don't really like the

gquantum analogy, but there are inaccuracies in risk

ALDERSON REPORTING COMPANY, INC,
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assessment, yes.

0 Perhaps if 7 said there is some gquantity of
uncertainty, the amcant of which is unknown, but it 1is
in some sense not captured by the methodology?

B (WITNESS ROWSOME) The methodology is
characterized by uncertainties, that is true. And they
are proportionately bigger for the tiny probabilities
than they are for the larger probabilities.

Q What I would like both of you to give a little
thought on is what methodology there might be for
determining when we have passed over the line such that
the measurable differences betwveen 10-12 and 10-10
are nov so small that they are in some sense overwvhelmed
by the uncertainties that cannot be gquantified.

A (WITNESS ROWSOME) I can start giving out =
ansver while Roger thinks about his. I gather you asked
that question to both of us.

I don't think you can generalize on the basis
of the number, like saying 10 . is credible and
10 is nct. It depends on how you arrive at the
number. If you get tn a number like 10-12 from a
series of truly independent, individually rare events,
you may be able to know 10-12 quite1;ccurately or have

a great deal of confidence that 10 is a correct

description of a scenario, entailing many random

ALDERSON REPORTING COMPANY, INC,
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uncoupled rare coincidences.

There are other circumstances where 10-12
originates from a single estimate of a not very wvell
known parameter, in which case it would te uncertain, be
very uncertain and very highly suspect. I think you
have to, in judging whether small numbers are credible
or not, you have to make a case by case decision
depending on how those numbers wvere arrived at.

Q Mr. Bloni, 10 you want to add anything?

5 (WITKESS BLOND) I believe that the work that
you are really trying to focus on, the interaction or
interdependency between the analysis and the numbers
that ve are trying to really strive to analyze, is an
evolving process, something that for the past ten years
or so we have been making significant strides to
improve, improve our understanding, improve our
technigues, the statistical measures which we use to
analyze the processes.

One of the more important aspects of the wvork,
as ve have seen it, is in the gquality assurance process
that one goes through to try to assure that the risk
analysis is not interfering with the process itself, but
is improving the understanding of the plant performance
and the nuambers which we are trying to analyze.

There is a question of art versus science

ALDERSON REPORTING COMPANY, INC,
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somewhat in the aralysis, and it is very important that
we try to improve our approaches, improve our
understanding of the lowvw probabilities, to the point
wvhere ve2 have confidence in what wve're doing. And I

t* ak that is -- the Indian Point risk assessment as
such has made a very significant stride in that
attempt.

C Could you say more of what you talked of as
the problem of art versus science?

A (WITNESS BLOND) Well, in any analysis
approach, especially one that is evolving, the analysts
ar2 in a learning process, and there needs to be an
evolution of this type -- it will force itself in many
vays =-- to move from the technician who analyzes a
system to somebody that can take a step back and say,
*his is a more complete view, which a risk assessment
tries to focus on a problem.

And I believe we are moving from the point of
having this technology in the realm of an art to more of
a science.,

Q You say vwe are mcoving in that direction. I
assume that impliss that we're not completely there
yet.

A (WITNESS BLOND) There is an education process

that would be involved and that process is now under
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becomes a science is a reflection of when courses and
material are being taught, so that people can easily
obtain the skills necessary. Right now the skills in
this area are in a fairly limited technical community.

Q This is now addressed to both of you. It
vould be fair to say that one principle theme affecting
how lov numbers can get before being overwhelmed by
indeterminacy would be the amount of experience that we
have alreaiy had with the thing being guantified; that
would e correct, would it not?

A (WITNESS ROWSOME) With the elements that go
into the quantification.

0 Which could in some sense be eguated with the
gquality of our data base?

A (WITNESS ROVWSOME) Yes.

Q Another thing would be the rigorousness of the
methodology by which ve assess uncertainty, would it
not?

B (WITNESS ROWNSOME) Not necessarily. To do an
accurate calculation of a very low, a lov fregquency, a
low freguency event, one needs either a well-established
discipline for doing it or the performance of a number
of sensitivity studies to verify that there are not

unpleasant surprises lurking in the model, sensitivities
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one wasn't avere were there, or an analysis of
propagation of uncertainties or some mix of those
techniques or those resources, to do it reliably.

Q Couldn't those, vhat you call propagating
uncertainties and sensitivity analyses in some sense be
grouped in the category of establishing a more rigorous
methodology for juantifying uncertainty?

A (WITNESS ROWSOME) Perhaps, although the
sensitivity studia2s 40 not necessarily entail
quantification.

Q Well, let me ask you to turn to page 12 of
your testimony, which I will assume both of you will
agree, this is a reasonably sophisticated discussion of
some of the kinds of problems involved in probabilistic
risk assessment, would you not?

B (WITNESS ROWSOME) Well, it is somewhat
superficial. T don't know whether I would give it the
adjective "sophisticated"” or not. I believe it to be
correct, but one could elaborate for years on points
here.

Q We'll try to keep this to half a day at most.

In general, it is the position of both of you
that the authors of IPPSS deserve some praise for their
attempt to be comprehensive; that is correct, is it

not?

ALDERSON REPORTING COMPANY, INC,
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(WITNESS ROWSOME) That is correct.
(WITNESS BLOND) VYes.

And IPPSS is in some respects more

comprehensive than many of the PRA's that preceded it;

is that correct?

A

Q

(WITNESS ROWSONE) That is correct.

For example, a more extensiva treatment of

external events is one major =--

A

Q

still.

Q

the page,

(WITNESS ROWSOME) That is truee.
-=- step in that regard.

Your seventh line down --

JUDGE GLEASON: Which page?

MR. BLUM: I'm sorry. We're on page 12

BY MR. BLUM: (Resuming)
The beginning of the first full paragrarh on

you state, "The attempt to be comprehensive,

however, is bcught at a ccnsiderable price."

Now, I know there would be a double meaning

here, that IPPSS was quite exyensive, costing well in

excess of $3 million. But that is not what you mean

here, is it?
R (WITNESS ROWSCEE) No, it isn't.
Q Could you tell us more specifically what you

do mean by considerable price?

ALDERSON REPORTING COMPANY, INC,
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B (WITNESS ROWSOME) I think the next sentence
does. Would you like for me to paraphrase it?

Q Why don't you elatorate on it. You can start
out by reading the next sentence and then just go on.,

JUDGE GLEASON: He d- «sn't have to read it,
Mr. Blum. We all have the testimony. Just let him
explain it.

WITNESS RCWSOME: The variety of root causes
of accidents and the numbers of sequences =-- I mean this
in the chronological sense -- in which faults can
develop in th2 plant, the number of paths by which
faults can propagate through the network of systers and
the like, are quite numerous and guite complicated, and
to model each and every one of these in the maximum
richness of detail that could in principle be done if
one had millions of man-years to devote to it is simply
not practical.

One makes approximations, typically
conservative approximations, to simplify tae problem to
the point that it is manageable, that the mathematical
models are solvable. One makes these approximations to
render the process tractable and require finite
resources.

In so deing, one loses some of the nuances of

the model. I think of a risk assessment as being a
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complex evaluation tool from which a great variety of
inferences can be drawn, different inferences, exercise
these approximations in different ways. Any particular
inference is likely to be sensitive to a small fraction
of these approximations and largely insensitive to the
vast array of othar approximations in the PRA model.

So that when draving inferences from a PRA it
is incumbent on the decisionmaker, whoever is drawing
those inferences, to try to identify which of the
assumptions and approximations in ‘the PRA the inference
is sensitive to, and to establish the reliability of
that inference in the immediate context of the decision
or the inferences he is trying to draw, rather than
trying to make a general statement about is it right or
is it wvrong.

We know they have enough approximations, the
PRA's do, that they are not perfect by any means. Like
any approximate model, they can be used inside their
domain of reasonableness. For the approximations they

are used outside that domain.

So I suggest the ra2liable use of PRA's entails

identifyina those elements of the modeling
approximations to which the inference in quest'.on is
sensitive.

Q ¥r. Blond, what dces the concept of a
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considerable price mean to you?

A (WITNESS BLOND) I think perhaps an example
might be useful to try to explain in my mind what it was
intended here. I can point specifically in the Indian
Poixnt risk assessment to the consegquence work that was
done, which is an area that I do have some expertise
in.

The Pickard, Lowe and Carrick team that worked
in this area vent to considerable expense to expand the
consequence calculation to =--

JUDGE GLEASON: Let's go off the record.

(Discussion off the recori.)

JUDGE GLEASCN: All right, ¥r. Blum, let':
proceed, please.

WITNESS BLOND: As I wvas saying, there wvas a
tremendous effort involved in trying to move the methods
into another level of analysis, another level of
detail. The example I was giving or started to give wvas
in the consequence modeling area.

For th~. reactor safety study, ve developed a
model which used . fairly simplistic treatment of the
manner in which the radiocactive material will be
dispersed aad mov24d into the 2nvironment when it is
released from the powver plant. We assumed that it would

move essentially in a straight line and downwind in one

ALDERSON REPORTING COMPANY, INC,
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direction only.

The Indian Point probabilistic safety study
decided that that was not a sufficient treatment, that
you could do better. Our analysis when we developed the
techniques wvent into more detailed models, in which you
can actually model the trajectory and movement of the
Plume.

At the time that we developed the approaches we
determined that it was not necessary, in our minds it
was not necessary, to go to this more difficult effort,
more sophisticated level of detail, and there was a
considerable price to pay, both in terms of our efforts
and the computer utilization that would be reguired in
doing such a calculation.

The Indian Point analysis went into this more
difficult level of detail and actually modeled the
trajectory of the plume by allowina it to change as the
wind directions would change. As we now can compare the
differences in that level of detail, we can come to a
better appreciation of wvhat that more sophisticated
level of treatment does afford you. what benefit has
that given in terms of the answers that ve were
generating.

8Y MR. BLUM: (Resuming)

Q So Mr. 2lond, I take it that your use of the

ALDERSON REPORTING COMPANY, INC,
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vord "prica" is somewhat different, that you do mean it
in some sense as an expense, an expenditure of the
labor, tim2 and money for computer runs; is that
correct?

A (WITNESS BLCND) There is a judgment that must
be made in any apalysis in terms of how much detail do
you really have to go to. The modeler, the person that
is responsible for interpreting the information and
trying to relate it to the problem at hand, has
continuously to make such judgments as to what detail he
goes to.

This is the w4ole process of evolving an art,
and the guestion of expertise comes into play, of
discussions wvith panels of people, whatever, are all
brocught into the guestion.

Q But to use the concept of price as it is being
used here in "considerable price”™ mezns some sort of
expenditur2 of labor, time and money; is that correct?

A (WITNESS BLOND) No. No, it is not. It would
be the price in ths tarms of the level of sophistication
of the model.

Q So the price is that you have a less
sophisticated kind of model than you would like to have;
is that correct?

A (WITNESS BLOND) What you would like out of

ALDERSON REPORTING COMPANY, INC,
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any model is to duplicate reality.

JUDGE GLEASON: Aren't you just talking about
a benefit to effort ratio?

WITNESS BLONDP: That is very true.

JUDGE GLEASON: We understand what it is, Nr.
Blum. Why.don't you go one.

BY MR. BLUM: (Resuming)

Q All right. Let me return to Mr. Rovséne. The
attempt to be comprehensive, however, is bought at a
considerable price. Mr. Rowsome, are you familiar with
the Sandia -- you are familiar with the Sandia
evaluation in the IPPSS study, are you not?

A (WITNESS ROWSOME) I think you are speaking of
NUREG-2934, yes.

Q Yes, that is correct. And you are familiar
with some general criticism with regard to modeling of
external events, are you not?

A (WITNESS ROWSOME) Yes.

Q And the gist of that criticism was that the
moiels and probabilities attached were often much more
simplistic than would be desired, was it not?

2 (WITNESS ROWSOKE) I am not sure that is an
accurate paraphrase. I think the principle concern was
that the models, being out at the limits of the state of

the art, were not very well understood, very mature. We
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are not fully aware of their sensitivities.

Q ¥r. Rowsome, isn't it fair to say that by the
phrase "attempt to be comprehensive is bought at a
considerable price,” what is really meant there is that
by being comprehensive one is forced to take on certain
difficult areas that cannot really be modeled very
accurately or numbers assigned precisel:?

2 (WITNESS ROWSOME) Yes, yes.

Q And in general, the modeling of external
initiating events would be one area like that, would it
not?

A (WITNESS ROWSQME) Yes.

Q what would be another area?

A (WITNESS ROWSOME) There are elements of
likelihood, accidant likelihood estimation, that have
that character beside external events: the subtle causes
of common mode failure, human cognitive behavior. There
are also elements of containment analysis and
consegquenc2 analysis that have those attributes.

Q Well, let me ask you to give some examples and
be more specific about subtle causes of common mode
failure. Which of these would be examples that could
not be modeled very accurately or precise numbers
attached?

A (WITNESS ROWSOME) Fire, for example, in-plant

ALDERSON REPORTING COMPANY, INC,
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Q And vhy is that true of in-plant fire?

A (WITNESS ROWSOME) You will get much more
expert testimony on that subject than I can give when
our team with Ben Buchbinder will be testifying in
Section III, I believe III.C of our testimony.

Q Do you have any opinion why that is true of
fire?

B (WITNESS ROWSOME) Because the probability of
initiation and propagation and the spread, if you will,
of the fire, of fires, cannot be very accurately
projected.

Q And that is true, you said, both with regard
to initiation and spread boih?

A (WITNESS ROWSOME) Yes, that is my
understanding.

Q Are there any other examplns of subtle common
moie failure besides fire?

A (WITNESS ROWSOME) There are other examples,
but I'm not sure any of the others are anyvhere near so
important as the ones we have already identified.

Q Going on to the second point which you raise,
was human cognitive error. Why can't that be modeled?
Well, first give us an example of something that can't

be modeled precisely.
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A (WITNESS BOWSOME) I don‘'t believe the current
state of the art -- although here I should point out
again, we're going to get rather more expert testinﬁny
than I can give on the same subject in the III.A
testinony.

But since you want my opinion, the problem of
estimating the likelihood that a team of operators will
misconstru2 a pattern of evolving symptoms of an
accident in progress and lock onto an erroneous
hypothesis of what is happening cannot be predicted very
reliably today, according to my understanding of the
state of the art.

Q Would it be simplistic in your opinion to
treat the actions of different plant personnel present
as independent events, as a way of calculating the
likelihood that four people would latch onto the same
vrong hypothec 's?

A (WITNESS ROWSOME) Strict randomness I think
vould lead to an optimistic estimate of human error
probability.

Q A particular methodology where you say, what
is the probability of all four operators just together
reaching the wrong hypothesis and modeling that by
saying, one-tenth is the chance the first operator gets

it vrong, one-fifth is the chance that the second,

ALDERSON REPORTING COMPANY, INC,
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one-tenth for the third, and one-tenth for the fourth,
and then to derive the probability by multiplying
one-tenth by one-fifth times one-tenth times one-tenth,
that would be a rather simplistic approach to the
problem, would it not?

A (WITNESS ROWSOME) It really depends on the
context. The multiplicatiou of probabilities rzkes
great good sense, but the development of the conditional
probabilities of Zhe sscond man making the mistake,
given that the first one has done so, is a difficult

problem and I wouldn't want to endorse your numbers

‘offhand.

Q Do you recall being asked adbout that
methodology in your depositicn?

A (WITNESS ROWSOME) Yes, I do.

Q And do you recall generally what you said
about it there?

A (WITNESS ROWSOME) In general terms, yes.

Q Do you recall using the wvord "simplistic"?

A (WITKESS ROWSOME) I don't recall whether I
d4id cor not. 1It's altogether possible I may have.

Q Let me show you the bottom of page 75.

A (WITNESS ROWSOME) If you'll give me a minute,
I will retrieve my copy o” the deposition.

Q Okay, if you'd like to.

ALDERSON REPORTING COMPANY, INC,
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A (WITNESS ROWSOME) Yes, I have page 75.

Q Okay. Did you not say, beginning on line 19
of page 75, "I think it would be too simplistic to say
for the whole sequence this is a meaningful way of
modeling it. You have to look at what the guy thought
in the first five minutes or what led him to think in
the next five minutes, and so forth, in order to deal
with the cognitive problem, the time dependence of the
evolution of symptoms and hovw the operators behaved. So
I would be inclined to think that to be too simplistic a
model to be very trustwortay in a context like TNI,
regardless of wvhether I thought your numbers were high
or low or indifferent"?

A (WITWESS ROWSOME) Yes, I said that. T still
believe it.

Q Thank you. And at that time in the
deposition, it did refer to the method of calcilating?

L} (WITNESS ROWSOME) It referred particularly to
the cognitive problem of developing a hypothesis of what
vas happening in the plant, given that one did not have
procedures aimed at diagnosis of what was happening at
the plant, but which vere presumptuous of the accident.

Before TMI it was commonplace in nuclear powver

plants to have an emergency procedure for loss of
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coolant accident and an emergency procedure for steanm
line break and for each of a number of other accidents.
The procedures did not describe or instruct the
operators on the pattern recognition problem of
identifying what accident they had. It presumed that
they knew.what accident they had.

In that context, in which an operator was
faced by a pattern of symptoms which according to his
training and his procedures was unprecedented,
unfamiliar, he had to jump to a hypothesis.

Q Thank you.

MS. MOORE: Mr. Chairman, the witness should
be allowed to finish his ansver.

JUDGE GLEASON: Finish your ansver.

MR. BLUM: I think the question has been
answerad.

MS. MOORE: MHe has been answering a question.
He is entitled to finish.

BY MR. BLUM: (Resuming)

Q Well, certainly if you vant to finish

ansvering the guestion.

A (WITNESS ROWSOME) The essence of my answer is

simply that my comment that the probability modeling you

vere describing was too simplistic applies to a

particular class of problems and not jJenerally to the
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issue of estimating human reliability.

Q Thank you.

You've also stated, have you not, that the
Advisory Committee o. Reactor Safeguards has ben chiding
your Division for not tackling the problem of sabotage
in PRA'5;3; is that correct?

A (WITNESS ROWSOME) That's right.

Q Well, first, what is your Division?

2 (WITNESS ROWSOME) Right now it has changed
since I spoke to you last. I am now in NRR. I'm now in
the Division of Safety Technology.

Q The Division to which you were referring was
what?

A (WITNESS ROWSOME) The Division of Risk
Analysis in the Office of Research.

Q Could you tell us more about the chiding that
ACRS has given to the Division of Risk Analysis?

A (WITKESS ROWSOME) Oh, a couple of times over
the last three or four years, I believe it was Dr.
Okrent, perhaps other members of the ACRS, urged us to
take on the problem of sabotace using PRA technigues.

Q Can you tell us more specifically what urged?

KS. MOORE:s Asked and answered, ¥r. Chairman.
WITNESS ROWSOME: I don't recall that there

vas a more specific message.
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BY MR. BLUM: (Resuming)

Q Did they convey a belief that bottom line risk
numbers for PRA's would be substantially more accurate
if sabotage was included?

A (WITNESS ROWSOME) I don't recall that they
did.

Q Do you recall wvhat the purpose of their asking
sabotage to b2 included wvas?

A (WITNESS ROWSOME) I don't recall their
identifying one. From the context I infer =-- and this
iz presumptuocus on my part -- that Professor Okrent
found that ve could gain some insights with which the
safeguards program could be more sharply focused or
better tun2d. But that is a presumption on my part. I
don't really remember the details or context in which he
did urge us to take up the problenm.

Q It is your belief, is it not, that studies of
sabotage in probabilistic risk assessment could be more
useful for designing specific plant improvements to
lover the risk of sabotage than for achieving accurate
bottom line risk numbers?

A (WITNESS ROWSOME) VMore useful, I believe is
your statement? Yes, I believe it would be more useful
in the design and operation of plants than in bottonm

line risk assessment.
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Q But you also believe this could be done more
successfully, do you not?

A (WITNESS ROWSOME) I think inferences about
the sapotage problem would be more reliable in the
context of plant design and operation than in the
context of bottom line risk assessment, yes.

Q Just to get that point a little clearer: you
are stating that the use of PRA for the purpose of
designing safety-related improvements would be a more
reliable and valid use of PRA than for setting out
bottom line overall risk numbars?

MR. BRANDENBURG: I object to that guestion.
Mr. Chairman, he's characterizing the witness'
testimony. It is clearly confined to the area of
sabotage.

JUDGE GLEASON: Hes's asking the guestion, if
that is what he said. So let him respond.

WITNESS ROWSOME: Tt is a little bit of a

general quastion. I am inclined to agree with it, but I

have a feeling that we could come up with exceptions if
ve tried.
BY MR. BLUM: (Resuming)
Q First, ~ould you explain why you agree with
it?

A (NITNESS ROWSOFE) Well, as I mentioned

ALDERSON REPORTING COMPANY, INC,
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~afore, I think of a risk assessment as a very complex
evaluation model, from which a very large number of
inferences can be drawn. Some of these inferences are
much more re2liable than others, and while I am sure
examples would come up in the course of this testimony
and the testimony of others, I think it difficult to
generalize among those many, many uses, many, many
inferences.

Q ¥hen you mentioned four areas of relatively
grave uncertainty, the first being subtle causes of
common mode failures, the second being operator error,
the third vas having to do with the modeling of
containment response, what is there that's very much on
th2 uncertain side in modeling the containment?

¥S. MOORE: Cbjection, Mr. Chairman. I
believe that is somewhat of a mischaracterization of the
vitness' testimony. I don't believe he said "grave
uncertainties.”

BY MR. BLUM: (Resuming)

Q Do you recall the exact word that you did
say?
A (WITNESS ROWSOME) I don't cffhand.
JUDGE GLEASON: Are you refarring to his
testimony?

MR. BLUM: The answ2r that h2 gave about ten

ALDERSON REPORTING COMPANY, INC,

400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345



10

11

12

13

14

15

16

17

18

19

21

24

25

7196

questions back.

JUDGE GLEASON: Do you remember what you said
ten guestions back?

WITNESS ROWSCME: I remember the context, but
not the words. But I think I have a simple answer to
it, and that is, I will be testifying or I will be
subject to cross-examination on my testirony under Roman
IV, Section C, on the uncertainties in risk analysis
later in this two-week period, where the subject is
dealt with in far g.esater detail than ir the piece of
testimony on which we are being crossed today.

Since you will have a shooting license at that
time, why don't we deal with it at that time.

BY MR. BELUM: (Resuming)

Q All right, I'1ll be willing to accept that.

What was the fourth one after containment
response? Was it consequence modeling?

A (WITNESS ROWSOME) I think I said there are
some elements of containment analysis and some elements
of consequence analysis that have the attribute of
substantial uncertainty.

Q And which of the conseguence analysis would
you attribute that characterization to?

A (WITNESS ROWSOME) Oh, parts of the dispersion

model dealing with things like particle size and perhaps
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spontaneous plume range.

Q what about presumed rates of evacuation and .
relocation of people?

A (WITNESS ROWSOME) Again, w2 had testimony on
that subject in Roman IV of the material on Commission
Qquestion. 1.

Q Do you consider that to be an area of
substantial uncertainty? Well, 1 ¢+ me address that to
both of you, since Mr. Blond may have expertise in this
area.

A (WITNESS ROWSOME) In the bottom line risk,
no.

JUDGF GLEASON: Excuse me. Mr. Blum, I really
have to inject at this point. If you are going to be
asking questions vhich are better asked in connection
vith testimony that is subsequently to be gone over, all
ve're doing is wasting everybody's time and prolonging
the time which the Beoard has set aside for the hearing
on this gquestion.

And you just cannot ask anything of any
witness that you might wvant to ask of any witness at any
time. You are required to stay within the confines of
his testimony.

MR. BLUM: I'm doing tkat, Your Honor. Mr.

Rowsome said with regard to containment analysis he

ALDERSON REPORTING COMPANY, INC,
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would be testifying more substantially later on, and I
chose to defer that area until later on. I did not
understand ¥r. Rowsome to be saying that he would be
testifying on the conseguence analysis.

JUDGE GLEASON: But there are witnesses that
are going to testify on tnat.

MER. BLU¥: But the problem is, I was asking
the meaning -- I askedl the meaning of ¥r. Rowscme's
statement in his testimony. He gave me four examples
vith reference to it, and I was asking about those four
exampies.

I can withdrav the juestion and deal with that
later.

JUDGE GLEASON: I really have to urge on you
that ve must get on with this proceeding. And you know,
if ve're going to continue at this pace then the Board
is just going to have to put some time constraints in,
which up to this point we have not wanted to do. But we
must proce2d at a faster pace than we are going.

If you would just stay with his testimony, it
would be helpful tn everyone.

I might also say to the witnesses, if you
would just answer the guestions without going, you know,
wherever you 30 ba2yond the guestions, it would be

helpful.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE , SW., WASHINGTON, D.C. 20024 (202) 554-2345

7158



10

11

12

13

14

15

16

17

18

19

21

23

24

25

7199

BY ¥R. BLUM: (Resuming)

Q In your testimony you cited the example of
design errors that are not revealed by either design
documents, surveillance tests, or reactor operations.
Could you give us some examples of those, please?

B (WITNESS ROWSOME) I can't give you some
examples that were never fcund in these processes,
because we don't know about those. I believe there were
one or two plants in which it wvas discovered that the
safety features actuation system was cross-wired in such
a va' that division A actuated division B of the
engir ~er~q4 safety features, and division B of the safety
system actuated division A of the safety features, and
in so doing introduced some unrecognized failure modes
into the systenm.

Q Mr. Elond, 40 you have an example you wish to
add?

A (WITNESS BLOND) No, I don't.

Q Yr. Rowsome, am I correct that you are saying
there are really two types of design errors that are
possible that would not be dstected? One is ones that
you can ida2ntify because they have been found in other
plants, and a second type would be those you cannot
identify b2cause we'rs2 not aware of them because they

have not been found; is that correct?

ALDERSON REPORTING COMPANY, INC,
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B (WITNESS ROWSCME) Thece is a blind spot in
PRA methodclogy, which I think I have testified to, I'm
sure I've testified to in greater detail, in Section
IV.C. TI'll be happy to discuss it wvith you then.

0 Well, if we could just wrap up the one point
that ve're on right now. You did say there vere those
tvo types of design errors, is that not correct?

B (WITNESS ROWSONE) I think you said that, but
I don't disagree with it.

Q IPPSS assumes an absence of design ervors,
does it not?

A (WITNESS ROWSOME) Not altogether. The study
is quite capable of having identified and correctly
modeled some kinds of design errors. The methodology
employed would be fairly reliable at identifying and
recording the presence of some kinds of design errors,
not all kinds of design errors.

(o} What kinds would it not be able to identify?

A (WITNESS ROWSOME) Those with the attributes
listed here in the testimony, that they are not
portrayed in 1esign documentation, they are not revealed
by surveillance tests and by operatino experience.

Q Thank you.

In your testimony you refer to the lLewis

report’s disavowal of the executive summary of
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WASH-1400.

A (WITNESS ROWSONE) I believe it was the
Commission that did that.

Q I'm sorry, the Commission's disavowval based on
criticisms in the lLewis report; is that correct?

A (WITNESS ROWSOME) Yes.

A (WITKESS BLOND) Of the executive summary.

Q Could you address the significance of that
disavowval for risk assessment generally?

A (WNITNESS ROWSOME) It vas simply that the
executive summary was thought to be an inalesguate
treatment of the full study.

Q Do you see it as having no significance beyond
the particular document of WASH-14007?

A (WITNESS RONSOME) No significance beyond the
executive summary of WASH-1400.

Q Mr. Blond, do you see any sort of general note
of caution applying to PRA's generally toward not having
types of executive summaries that oversimplify complex
results in the PRA?

MS. MOORE: Nr. Chairman, I wou jJect. The
relevance of that gquestion is minimal. It's a very
broad guesticn.

MR. BLU¥s They discuss this in their

testimony.
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JUDGE GLEASON: I know, but really, I don't
understand wvhere MNr. Blum's view on that sudbject would
he helpfu. to any of us. You know, they talk about
everything in their testimony. What is the assistance
that that is going to be giving to the Board? 1 just
don't understand, Mr. Blunm.

MR. BLUM:; It will jet at whether there is
some sense in which PRA results ca~ be misused and what
is likely to contribute to their misuse.

JUDGE GLEASON: Their *a=stimony is there.
They talked about the summary. You are taking the next
step, saying does every summary have deficiencies. You
know, that just doesn’'t --

MR. BLUM: Well, if the wvitness sees that as
not being a generally applicable word of cautien for
PRA's, he can sirmply say so and we'll be off the area.
But if he does I'd like to hnow what he feels that it
ise.

JUDGE GLEASON: Well, the Board doesn't think
that it's important. That is what I'm trying to tell
you.

M!', BLUM: You are saying that the Roard
doesn't feel wvhat is important?

JUDGE GLEASONs The ansver to that guestion,

and the guestion is not impcrtant. So if you are going
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to keep asking unimportant guestions we're going to be
here, you know, two years. That is what I am trying to
get at.

MR. ELUM: Why is the possibility in the
Commission's viev on PRA results being misused
unimportant?

JUDGE GLEASON: T didn't say that, Mr. Blum,
and you know that I didn't say that. I said that the
question you asked the witness is not important to the
Board.

If you vant to keep asking unimportant
questions, fine. Then I'm going to be putting some time
limits ih on‘this cross~-examination very, very rapidly.

It is up to you to assist us in moving this thing

along.
¥MR. BLUMs Thank you.
JUDGE GLEASONs: You're velcome.
BY MR. BLUM: (Resuming)
Q In your testimony you have characterized the

extent to vhich the Staff has performed an independent
calculation of risk at Indian Point, and by that I mean
independent of IPPSS, have you not?

A (WITNESS ROWSONE) Yes.

Q I weuild like to explore, then, in a little

more detail than was possible in the limited space of
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your direct testimony the precise degree to which the
Staff testimony does in any way depend upon the IPPSS
results. Would either ‘of you wish to begin by
addressing that generally?

MS. JOORE: ¥r. Chairman, that question is toco
general. I think the witnessa2s are entitled to specific
questions.

MR. BLUM: I will withdrav the guestion and
ask a more specific question.

BY “R. BLUM: (Resuming)

Q Some of the Staff's calculations vere based
upon numbers regarding risk that wvere derived by Sandia,

vere they not?
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2 (WITNESS ROWSONME) In part, ves.

Q And the Sandia numbers were uot based on a:
independent PRA done by Sandia, were they?

A (WITNESS ROWSOEE) Not a de novo independent
PRA. That is correct.

o) Those numbers vere done by certain
recomputations based upon IPPSS, were they not?

A (WITNESS ROWSOME) ased in part upon IPPSS
and in part on an inquiry by the Sandia people intu the
design and operation of Indian' Point.

Q Well --

A (WNITNESS ROWSOME) They are not wholly hostage
to what they found in the IPPSS. On the other hand,
they did not go back and reverify everythinag in the
corresponding parts of the IPPSS.

Q Sandia took IPPSS as a starting point in their
calculations, did they not?

A (WITNESS ROWSOME) [fes.

Q And they did recalculations for a limited
number of scenarios which they identified as dominant?

A (WITNESS ROWSOME) They wvwill be up here, I
hope, today, on the witness stand.

Q Yes. Thank you.

Do you know how many scenarios they reviewed

in IPPSS?
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(NITNESS ROWSOME) Not offhand. I could look

Q It was around 14, though, do you recall?

MS. MOORE: Mr. Chairman, might I have a
clarification, Number One, on who reviewed it, what
review? The way the juestion wvas stated, it said what
scenarios they revieved in IPPSS., Who is they, is ay
question.

MR. BLUMs Sandia.

WITNFSS ROWSOME:s Sandia recalculates in some
detail something between 10 and 30 classes of accident
seguences, each one of which could be described as being
an ensemble of hundreds of little sequences. Really,
the count of the number of sequences is in the eye of
the beholder.

BY MR. BLUK: (Resuming)

Q Can you give any idea or percentage, what
percentage of the work in IPPSS wvas reviewed by fandia
in doing their recalculations?

MS. MOORE: Your Honor, we are going to have
the exact people up here who did the review. T think
these questions are more appropriate for them.

JUDGE GLEASON: I presume --

¥R. BLUM: If they wish to withdraw testimony

about the staff having performed a fully independent
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review of the risk at Indian Point, I am willing to
accept that withdraval., If they are not withdrawing
that *estimony, ve are entitled to find out the extent
to vhich it is in fact true.

WITNESS ROWSOME: You are mischaracterizing
that testimony. I said we did a fully independent
analysis of the containment analysis part of the
consequence analysis part, which I continue to adhere
to. We did not 4o, nor did the testimony assert that ve
did a wholly independent analysis of accident
likelihood.

BY ¥R. BLUM: (Resuming)

Q Sc that was to a considerable extent based on
IPPSS, was it not?

A (WITNESS ROWSONE) Yes.

Q Okay. Thank you. I am sorry for my
confusion.

Could you identify what you describe as the
fully independent review of containment?

] (VWITNESS ROWSOME) You will be getting
testimony on that from Dr. James Meyer, et al.

Q And the fully independent review of
consequences?

A (WITNESS ROWSOME) DPr. Charda, ot al.

Q In your testimony, ycu give a general
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assessment that IPPSS overall is no less conservative on
balance than the staff's worke Is that correct?

A (NITNESS ROWSOME) On balance, yes. There are
areas vhere they use more conservative assumptions than
we would have done, and areas vhere we use more
conservative assumptions than they do. But on balance,
I think that is generally true.

Q Could you identify what those two areas are,
tvo sets of areas?

A (WITNESS PCWSOME) I would not be able to give
a complete account of all of those areas of disagreement
from memory. I could give a few examples, if you wish.

Q Sure. Go ahead.

A (WITNESS ROWSOME) An example in which they
used a more conservative assumption than we did or got a
more conservative result from their model iz in the
arena of containment failure, and those accidents in
vhich the core melts early and containment heat removal
has failed. An example wvhere they used a more
optimistic model than ve feel comfortable with is in the
ar2a of cr2diting evacuation in accident sequences
triggered by earthguakes,.

Q Mr. Blond, can you think of any additional
samples where the staff wvas more or less conservative

than the licensees?
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A (WITNESS BLOND) Again, there will be
significant discussion. This will be in testimony in
Section 3 in great detail.

JUDGE GLEASON: Why don't we wait, ¥Mr. Blum?

WITNESS BLOND: There is a full comparison of
the Indian Point analysis to the staft analysis in that
testimony.

BY MR. BLUM: (Resuming)

Q One minor point to clear up. The discussion
on Page 4 of your testimony of after heat or decay heat,
I noticed, just so I don't have the wrong place for
this, I noticed the same discussion is found verbatim in
the testimony of Sandy Israel. Would you be the proper
people to address this to, or would Sand; Israel?

A (WITNESS ROWSOME) Well, I think if we used

it, ve both are.

Q But it is principally your wvords?
A (WITNESS ROWSOME) I wrote this paragraph.
Q The gist of this discussion on Page 4 is that

meltdown and breach of containment can occur even after
the plant is shut down. 1Is that correct?

A (WITNESS ROWSCME) It is theoretically
possidble, yes.

Q But mest of the concern in risk analysis has

been devoted toward the concern about inability to shut
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dovn the plant, and that causing the --

: (WITNESS ROWSOEE) In fact, that is not true.
With the exception of the rather narrowly circumscribed
issuve culled anticipated transients without scram, the
vhole array of accidents ve are dealing with here are
accidents in which the plant is successfully shut down
in the sense of the termination of the nuclear chain
reaction in the reactor core.

What you may be referring to is an artifact of
the regulations which describe a state called safe
shutdown, which means not only shutdown but a lot of
other things as well, entailing being in some cases in
cold shutdovwn, and proper decay heat removal.

What tends to be at issue in these risk
assessments, wvhat turns out to be the safety function
that is of most concern is the ability to dissipate
decay heat in the hours followving a reactor scram or
reactor shutdovne.

¥R. ELUMs: Your Honor, T am going to need to
ask for some guidance from the Board at one point. We
have something that we wish to ask of ¥r. Rowsome
relating to the precursor study. Now, I am aware that
there is more specific testimony on this at another
point in the proceeding, and in some sense, that would

be the most appropriate time to address it.

ALDERSON REPORTING COMPANY, INC,
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At this time, there is some slight uncertainty
as to whether we wvould be allowed to participate "ith
those witnesses, because although it does relate to
Question One and risk generally, it also relates to a
Board guestion, ani that there is a rule or a guidance
that intervenors should seek leave of the Board before
examining o2n the Board questions.

JUDGE GLEASON: Does it relate to his
testimony?

MR. BLUM: Yes, it does relate indirectly to
his testimony. It relates to getting a handle on
uncertainties, ani whether the precursor study has
relation to that.

JUDGE GLEARSON: Why don't we hear the question
and see if there is any objection?

WITNESS ROWSOME: I have a simple solution to
your problem. I am testifying on uncertainties in 4-C
material.

JUDGE GLEASON: Does that take care of you
problem?

MR. BLUN: It sort of shifts the problem over
some. All right, I will postpone that, although in
general this problem will come up at a number of
pointse.

JUDGE GLEASON: Well, we don't like to decide

ALDERSON REPORTING COMPANY, INC,
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¥R. BLU¥; We do have & reguest for leave of
the Board which we hope you will be able to address
fairly soon on the uncertainty.

BY MR. BLUM: (Resuming)

Q Sr. Rowsome, if I could, I would like to
reopen the topic of filtered venting.

I take it there is no objection.

MS. MOORE: I didn't hear a juestion pending.

BY MR. BLUM: (Resuming)

Q It is your position, is it not, that there are
certain filtered vent conceptions that can be even more
effective than anticipatory evacuation in limiting
off-site radiological risk?

NS. YOORE: I object, Mr. Chairman. This
vitness is not testifying on filtered vented containment
systers.

JUDGE GLEASON: The objection is granted.

MR. BRANDENBERG: Mr. Chairman.

JUDGE GLEASON: Please.

MR. BRANDENBERGs You ruled a split second
before I started, I think.

JUDGE GLEASON: Hold just a minute, please.

¥R. ELUN:s I actually have no further

gquestions at this time.
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(Pause.)

JUDGE GLEASCN: Let me ask ¥r. Rowsome, since
he is the major domo of the testimony that will follow,
vhether the subject of filtered vented systems is going
to come up in any of the test.mony that follows.

WITNESS ROWSOME: Dr. Meyer will be attesting
to the coatinued studies of sitigation done by the staff
in this package of testinony before us now in 3-B. The
issue may come up, ani I caanot assure you that it will,
in the staff testimony under Commission Question 5.

JUDGE GLEASON: The problem is, there is a
motinn to strike that testimony. There is a reference
in your testimony to the filtered vented containment
systems, although it is just a reference, and I think,
Nr. Blum, if you vant to keep your question confined a
little bit, I will deny the objection and permit you to
ask the guestion.

¥S. MOORE: Mr. Chairman, might I respond?

JUDGE GLEASON: Please. If you insist, I
mean.

¥S. MOORE: T do. Although there is a pending
motion to strike Dr. Meyer's testimony, Dr. Meyer will
be available for cross examination, and it is possible
that even though, if the testimony were stricken, there

would be ways of asking him questions concerning that
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JUDGE GLEASON: How is he going to be
available for cross examination if his testimony is
stricken?

MS. MOORE: It is not his entire testimony,
and there is dispute about the motion to strike.

JUPGE GLEASON: I understand that. Which do
you prefer to do, Mr. Blum? I guess you would like to
keep it vhere you get the most benefit from it, because
the Board is interested in the subject, too. Where
would you prefer?

MR. BLUM: We are puzzled 2s to who made a
motion to strike Dr. Meyer's testimony.

JUDGE GLEASON: There is a mot:on pending to
strike Dr. Meyer's testimony filed by the licensees.

MR. BLUM: ''‘e would aprreciate being served
vith a copy.

¥R. COLARULLI: Your Honor, they have been
served vith a copy.

JUDGE GLEASON: We would prefer not to get
.nto that controversy. So the question is, MNr. Elum, do
you want to do it now, or do you want to wait? We
prefer you not to do it both places.

WITNESS ROWSOEE: A consideration you may wish

to make is that I will be testifying in Commission

ALDERSON REPORTING COMPANY, !NC,
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Question S on the inferences for regulatory =--

JUDGE GLEASON: They may not be permitted to
ask questions on cross examination. Ch, on Question 5,
did4 you say? T am sorry. I thought you meant Board
questions.

MR. BLUM: Assuming that we are permitted to
ask questions under Commission Question S, I will wvait.

JUDCE GLEASON: All right, fine. Are you
finished, ¥r. Blum?

¥R. BLUM: Yes, I anm.

JUDGE GLEASON: Thank you.

¥r. Hartzman, you vill keep your cross
examination brief and not repetitive, won't you?

MR. HARTZFAN: Yes. I just have a few
questions, which I hope will only take a short time,
Your Honor.

CROSS EXAMINATION ON BEHALF OF FOE AUDUBON

BY MR. HARTZMAN:

Q Just to pursue just a step further a point
raised by Mr. Blum, you indicate on Page 25 of your
testimony, you state "k2,"™ and I believe you mean the
staff, "have adopted their assessment,” and that will bde
the IPPSS assessment, "of core melt accident segquence
likelihoods as a star.ing point in developing our own."

Just to be clear, here you are referrino to

ALDERSON REPORTING COMPANY, INC,
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your own consequence and containment analysis. Is that
correct?

A (WITNESS ROWSOME) No. No. We used the
critique of the IPPSS as the basis for arriving at our
estimates of accident segquence likelihocod. They are not
the same as those in the IPPSS in most cases, but we did
use the IPPSS as a starting point for our
investigation. That led to the numbers wve are using to
ansver Commission Question 1.

Q And those, as modified by the Sandia critigue
then, are those the numbers that went into your
evaluations in NUREG-08507?

) (WITNESS ROWSOME) No, they are an outgrowth
that go beyond the material in NUREG/CR-2934. To that
vork was ajded some additional analysis done by the
staff and some additional judgments, and the numbers we
are using to ansver Commission Question 1 are kind of a
third generation.

If you take IPPSS as the first generation, and
this documant, 2934, as second generation, I would
characterize the numbers we are using as third
generation.

Q So your analysis of NUREG-0850 did not rely on
the IPPSS evaluation or the Sandia critigue cf the IPPSS

evalulation?

ALDERSON REPORTING COMPANY, INC,
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A (WITNESS ROWSOME) ~Not at all. That is
correct.

Q So you used those evaluations just for the
analyses done in the remainder of your testimeny, the
staff testimony, in your consesquence and containment
analysis?

A (NITNESS ROWSOMF) The 0850 work is a progress
report on a line of inquiry performed by the staff on
vhich ve vill get much more testimony by Dr. Meyer at
Section 3-B of the testimony,; and he is far better
qualified to discuss it than me.

Q Well, just my question on the adoption of
these assessments from IPPSS and Sandia, for purposes of
the staff analysis, would you feel that your conclusions
and your analyses would be suspect if the IPPSS and
Sandia numbers were unreliable or untrustworthy?

A (WITNESS ROWSOME) If the Sandia numpers were
unreliable and untrustwvorthy, I think our numbers would
probably share that attribute.

I think the reviev done to arrive at the
Sandia report is sufficiently comprehensive that most,
if not all of the hypothetical errors or distortions
that might have taken place in the study, like the
IPPSS, would have been found and recognized and

corrected.
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Q You stated in your testimony that what vas
disavoved by the Lewvis Committee report was the
executive summary of the reactor safety study.

A (WITNESS RCWSOME) Not true. It was not the
Levis Committee. It was the Commission, in response to
the Lewis Committee report.

Q On Page 14 of your testimony, you state that
both the Lawis Committee report and the Commission
statement encouraged careful use of probabilistic risk
assessment, especially for setting priorities for
regulatery attention. Did the Lewis Committee address
the issue or prohlem of using PRA as a bottom line
evaluation of risk of a nuclear plant?

A (WITNESS ROWSOME) In a general sense, no. In
the specific sense of the reactor safety study, yes.
They concluded that the uncertainties were larger than
those identified in the reactor safety study.

Q I vould just like to get your opinion on one
recommendation from the Lewvis Committee report on Page
XI of that reaport, and it states, "In general, avoid use
of probabilistic risk analysis methodology for the
determination of absolute risk probabilities for
subsystems unless an adegquate data base exists and it is
possible to gquantify the uncertainties.”

MS. MOORE: Mr. Chairman, could the witnesses

ALDERSON REPORTING COMPANY, INC,
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see that report?

JUDGE GLEASON: Does the witness need to see
that report?

WITNESS ROWSOME: I don't know whether we will
or no*. It depends on where the gquestion goes. We
don't yet need it, but it may happen.

JUDGE «“EASON: All right. Llet's go on.

BY MR. HARTZMAN: (Resuming)

Q But is this statement a recommendation as to
the use of -~

A (WITNESS ROWSOME) I think you are right. It
is.

Q Let me complete my gquestion. The use of PRA
as a bottom line analysis for the risk of cperating a
nuclear power plant?

A (WITNESS ROWSOME) It sounds that way.

Q So it would be your sense from this
recommendation that the Lewis Committee did express
concern about the use of PRA for bottom line risk
evaluation of a nuclear powver plant. ‘Is that correct?

A (dITNESS ROWSOME) Seems so, yes.

JUDGE SHON: MNr. Hartzman, that statement, if
you will excuse me, was guite heavily gqualified.

¥R. HARTZMAN: I am avare of that.

JUDGE SHON: They implied that if you had

ALDERSON REPORTING COMPANY, INC,
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proper data base and things like that, you could vell do
this, so it might b2, if it isn't now, a condemnation.

¥R. HARTZMAN: My question -- I indicated they
expressed concern, a great concerne.

JUDGE SHON: Thank you.

BY MR. HARTZMAN: (Resuming)

Q So if the results of the IPPSS and the numbers
that you used from the Sanaia critigque of IPPSS vere to
be found un--ustworthy or unreliable, this kind of
concern exprescad by the Lewis Committee would apply to
the staff analyses. Is that not correct?

R (NITNESS ROWSOME) Yes.

Q On Page 7 of your testimony, in Answver 11, you
begin by stating that risk assessment is a discipline of
constructing mathematical models that estimate risk. Do
you recognize a distinction beétveen risk and uncertainty
as tvo different concepts?

A (WITNESS ROWSOME) Yes.

0 Could you explain your understanding of that
difference?
A (WITNESS ROWSOME) Risk is a concept which

entails likelihood and severity of outcomes in
mathematical terms, something like probability times
frequency times consequences. One can attribute

uncertainty to tha estimation of probability or

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345

7220



10

1

12

13

14

15

16

17

18

19

21

24

25

7221

consequences, sO one can speak of uncertainty of risk.

Q Might it be the case in doing probabilistic
calculations, determination of risk by multiplyino your
probability times consequences, might it be that there
vas such a wide band of uncertainty that you sannot
conciude what the risk is?

A (WITNESS ROWSOME) One frequently finds
l.amself in the position that one cannot determine with
precisic» what the risk is.

e What do ynu mean by precision?

JUDGE GLEASON: What do you mean by
precision?

‘MR. HARTZMAN: Well, is he talking about ==
you know, when we are talking about a band of
uncertainties, and he is saying that there might be
situvations in which the result is not precise. I am
vondering what he means by precise.

WITRESS ROWSOME: I would refer you to my
testimony in Section 4-C of the uncertainties in the
staff testimony.

BY MR. HARTZMAN: (Resuming)

C Well, that is just for a hypothetical. Assume
there was an uncertainty band on a probability of six
orders of magnitude. Would you be able to state with

some confidence what the risk of that occurring would

ALDERSON REPORTING COMPANY, INC,
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be?

A (WITNESS ROWSOME) To that precision, yes.

0 Of six orders of magnitude?

So that vhen you state on the bottom of Page
12 of your testimony that such limitations, which I
referr2d to befor2 in the previous paragraph, that such
limitations make PRA's rather unreliable at predicting
the precise magnitude of risk, so you refer that there
might be situations in which there is just too much
uncertainty to rely on it for determinations of risk?
Is that what you mean by that statement?

A (VITNESS ROWSOME) It depends on the accuracy
you need for the decision process you are making. I am
identifying here that there is always an uncertainty
associated vith reactor risk assessment. It is a
substantial uncertainty, and if one is trying to drawv an
inference that requires precision greater than that
available in the analysis, then you can't do it. If you
have a decision algorithm that can accommoiate
uncertainty, ycu may well be able to make the decisions
you need to make.

Q I think this may be my last or next to last
question.

So that you then go on to say that they are

successful in identifying many, if not all of the wvays a
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reactor may be vulnerable enough to severe accidents to
varrant shutdovn or remedial action. They are also
valuable 2s a method with which to estimate importance
of safety issues. Is that -- When you say that their
value as a method of estinating the importance of safety
issues, is that a method of refining, do you mean by
their means of refining how the problems and bugs in the
system can be ironed out and eliminated?

A (WITNESS ROWSOME) Among other things, yes.

Q So that among other things, a PRA may be
useful for that kind of debugging project, even though
it may not be useful for overall evaluation of the risk
in the system. Is that correct?

A (WITNESS ROWSOME) That could be the case,
yes.

Q Ani that would determine how uncertain your
risk estimates are. Is that correct?

A (NITSNESS ROWSOMFE) It might be a conseguence
of the uncertaintye. I don't think it vould determine
the uncertalinty.

0 Let me just rephrase my gquestion. If the
uncertainty in your bottom line risk numbers are such
that you may not be able to rely on a PRA for overall
evaluation of risk, it may still be useful for

debugging?
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A (WITNESS ROWSOME) Yes.

Q And that is what you meant in making this
distinction in your testimony?

A (WITNESS ROWSOME) Among other things, yes.

Q Are you avare that PRA's have been used in
airplane design to work out bugs in the design process?

A (WITNESS ROWSOME) I am aware that it has been
done. I am not familiar with the details.

Q Do you know whether it was used for debugging
vhile still in the testing phase, or at a time when it
vas already in commercial planes in commercial use?

A (NITNESS ROWSOME) Both. Roger points out to
me that these are -- the aerospace aprlication is to
system reliability anmalysis and the like, and is
probably not properly characterized as a compre’ ensive
risk assessment.

MR. HARTZMAN: Thank you. I have no further
questions.

JUDGZ GLEASON: Any redirect at this point,
Es. Moore?

HS. MOORE: T have no redirect at this point.

JUDGE GLEASON: ¥r. Brandenterg, would ycu
like to proceed? A very few guestions, right?

MR. BRANDENBERG: I will make every effort to

accommodate you, csir.
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CROSS EXAMINATION ON BEHALF OF CONSOLIDATED EDISOW
BY MR. BRANDENBERG:

Q Dr. Rowsome, welcome back to these
proceedings. Brent Brandenberg, you will recall,
attorney for Con Edison.

Dr. Blond, T will be asking you some guestions
on behalf of Con Edison.

Gentlemen, my first question relates to your
Ansver 15, which starts at Page 11 and continues on, in
wvhich you address the -- wvhat you characterize as the
principal strengths and wveaknesses of FRA, and my
question is wvhether you are familiar with the Commissicn
orders establishing this proceeding that were dated
January 8th, 1981, and September 18th, 1981,

A (NITNESS ROWSOME) I have read them, but not
recently. My recollection is a little fuzzy.

Q Do you recall the general words in both of
those orders to the effect that while PRA did indeed
have strengths and weaknesses, it nonetheless comprised
the best means available for evaluating the risk of
nuclear powver plants? Do you recall words to that
effect?

A (WITNESS ROWSOME) It would not surprise me if
they vere there, but I cannot validate that from ny

memorye.
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Q Dr. Blond?

A (WITNESS BLOND) I would have the same
response.

Q Do you generally agree with that statement?

A (WITNESS RCWSOME) Yes.

A (WITNESS BLOND) Yes.

Q Moving on to Page 12, if we may, which is also
part of your Ansver 15, I wvould like to ask you a
question about the last sentence in the last full
paragraph, which states as followss: "VNe are not very
good at predictinjy the likelihood that operators might
misdiagnose an accident and so employ the wrong
procedures.”

You are referring, are you not, to PRA
techniques and their ability to evaluate these events?

A (WITVESS ROWSOME) I should probably constrain
that to the staff as the "we."

Q As a general rule, vhen attempting to model
operator error using PRA techniques, would you agree
that there would be a convergence between what you would
expect to see in real practice regarding the incidence
of operator error and the accuracy of modeling of such
error that would be achievable through PRA in the
situation where there was increased coperator training

relating to the diagnosis of accident initiators?
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i (WNITNESS ROWSOME) Yes.

0 Now, has there in fact been substantially
increased operator training relating to t.e initiators
for accidents as part of the Commission’'s overall
post-T¥I response approaches?

A (WITNESS ROWSOME) Yes.

Q And similarly, would you agree as a general
principle there would be a conve:igence bdetween the
actual likelihcod of overator error and the ability to
model such error in PRA techniques in the situation
where there was an extensive program of simulator
training for the operators whose performance we wvere
attempting to model?

A (WNITNESS ROWSOME) Yes,

Q Are you gentlemen awvare that simulator
training is in place at both of the Indian Point units?

s (NITNESS ROWSOME) Yes.

Q You are also avare, I trust, that there were
efforts to model operator error in the IPPSS study, and
indeed Pr. Svain and others will be addressing that
later in this proceeding? 1TIs that correct?

X (WITNESS ROWSOME) That is correct.

Q Bzsed on this, gentleman, do you have a
general view or confidence level, and I am not really

seeking precision, but do you have a general view as to
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the success which the IPPSS study had in attempting to
model the frequency of occurrence of operator erroc?
MS. MOORE: NMr. Chairman, I would object.
This is not the panel that --
JUDGE GLEASON: I was going to make the same
objection, Ms. Moore. I am glad you did.
Mr. Brandenberg, you are falling in the same
trap, I aight say, the problem of wasting time, as did
Mr. Blum.
¥R. BRANDENBERG: I will withdraw the
question.
BY ER. BRANDENBERC: (Resuming)
Q Gentlemen, my next gquestion relates to Answver
23 in your testimony that appears on Page 20. Bnd as I
understand the context of this ansver, it relates back
to your discussion of the Indian Point short term risk
study which ve have referred to in this proceeding as
the 60-day study, and I believe your discussion of that
topic begins on Page 17.
Am I correct that Answver 20 on Page 2C indeed
relates to the so-called 60-day study?
A (WITNESS BLOND) Yes, it does.
Q I was particularly interested in your passage,
actually, the last two sentences in that answer, that

starts, "If the Indian Point plants suffer," et cetera,
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et cetera, through to the end of that guestion.

Ard my guestion is, if, rather than suffering
some unique vulnerability, the Indian Point plants had
some unique strength that was not revealed by using the
vell-trodden path from WASH-'400 that was used in the
60-day study, better pipes, more reliable pumps,
something like that, would that have created a bias that
vould have tended to overestimate the risk of Indian
Poiat plants?

In other words, is this not a two-vay street
here?

A (WITNESS ROWSOME) Yes, it could be.

Q Gentlemen, later, in ansver to your gqguestion
on Page 21, at approximately the middle of the page, you
state that the IPPSS study was estimated to have taken
50 man years of effort. ¥y question is whether either
== I am going to ask you first about the Sandia review,
and then the staff's internal review -- if either of yov
gentlemen have any comparable approximate estimation of
the amount of man months or man years, whichever index
you would like to use, for the Sandia review of the
IPPSS study.

A (RITNESS ROWSOME) VWell, counting both Sandia
and staff review of the IPPSS, I would guess it is in

the neighborhcod of five to ten man years.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345



(S

10

11

12

13

14

15

16

.

18

19

21

22

24

25

Q Do you have any ability to distinguish between
the Sandia review on the one hand and the IPPSS review
on the other? I only ask because we are dealing with a
separate battery of witnesses, really. Or is that a
cleavage you don't feel comfortable making?

¥S. MCOREs ¥r. Chairman, I would object on
the grounds that I don't see really how this question is
relevant to the subject of the witnesses' testimony.

JUDGE GLEASONs Well, I keep makiug the same
point, Ms. Moore, but nobody is listening to me.

Do you want to answer his question?

WITNESS ROWSOME: T would say there have been
about two staff years per Sandia year. I have not
looked up the numbers.

BY MR. BRANDENBERG: (Resuming)

Q Thank you.

My next guestion relates tc Pacne 24 of your
testimony. It appears on the top of Page 22. And wve
ar2 in a bit of a time warp here, but as I understand
the historical context, your answver speaks to the period
in the spring of 1980, iong before the IPPSS project got
started.

I am particularly interested in your pacssage
that -- this is the =second sentence in the ansver =--

"The basis for this action was the evidence that these
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plants may pose a disproportionate share of the societai
risks compared with other commercial nuclear power
plants by virtue of the comparstively high population
density surrounding these plants.”

Now, do T correctly understand that this wvas
the prevailing view in February, 19807

* (WITWESS RONSOME) It vas the prevailing view
that they might do so by virtue of that factor.

Q Now, was this possibility the result of some
staff analysis performed at about that time, that is,
about February, 1980, which modeled the Surrey plant, if
you will, that is, the WASH-1400 plant, with all of its
frequencies of error and so forth, but artificially
transposed that Surrey plant to the Indian Point site,
and it really modeled all of the accident sequences and
their frequencies and so on that were found to have been
used in WASH-1400 and modeled them instead on the Indian
Point site?

Is that, generally speaking --

A (WITNESS BLOND) The work had been done
probably two years prior.

Q Now, subsequent to 1980, did the staff have
occasion to> model both the plant specific as well as the
Indian Point site characteristics in 3 way that combined

the actual Indian Point plants, if you will, with the

ALDERSON REPORTING COMPANY, INC,
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actual Indian Point site?
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A (WITNESS ROWSOME) Was your question prior to
this date?
Q No, subsceguent to this date. Well, I will be

more specific. Was that done in the interim operations
task force report that you refer to later, which is
07152

A (WITNESS ROWSOME) Yes.

Q Did the conclusions of that report, the
NUREG-0715, essentially disprove the possibility that
Indian Point plants may pose = disproportionate share of
societal risks compared with other plants?

A (WITNESS ROWSOME) *"Disprove™ is a little
strong. Established the plausibility that they might
vell not.

Q Did the NUREG-0715 report find as one of its
principal conclusions that the overall risk of the
Indiar Point plants was about the same as & typical
reactor on a typical site?

A (WITNESS BLOND) Yes.

A (WITNESS ROWSOME) Yes.

JUDGE GLEASON: ¥Yr. Brandenburg, ve are well
familiar with these studies. If you want to keep piling
them in the record, why, go ahead. 1It's not helping che
Board any.

BRY MP, ERANDENBURG: (Resuming)

ALDERSON REPORTING COMPANY, INC,
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C There vas a good deal of questioning
yesterday, and you vere indeed asked some guestions by
Br. Blum, on the guestion of sabotage and its treatment
in PRA, and my question relates to the PRA procedures
guide, NUREG-2300. Are you familiar with that document,
gentlemen?

r (VITNESS BLOND) Yes.

A (WITNESS ROWSOME) Generally, yes.

Q Do you have a copy of that with you here

A (WITNESS BLOND) Yes, wve do.

Q Did you review that in connection with the
preparation of your testimony?

A (WITNESS ROWSOME) I did not.

B (RITNESS BLOND) Not specifically, no.

Q Do you have any understanding as to the
statements made about the modeling cf sabotagye using PRA
technigques in the PRR procedures guide?

MR. FLUM: I would object. This is beyond the
scope of the testimony.

MR. BRANDEYBURG: I believe it relates to
gquestions that N¥r. Blum posed to these wvitnesses, MNr.
Chairman.

JUDGE GLERSONs Did you ask anything abcout

sabotage, ¥r. EBlum?

ALDERSON REPORTING COMPANY, INC,
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MR. BLUM: I didn't ask anything about the
modeling of sabotage in the PRR procedures guide, which
these witnesses have not.used in connection with their
testimony.

JUDGE GLEASON: Mr. Plum is correct.

MR. BRANDENBURG: In that case, Mr. Chairman,
I have no further guestions.

JUDGE GLEASON: Power Authority?

MR. COLARULLI: Your Honor, the Power
Authority has no guestions.

JUDGE GLEASON: Any cross or redirect?

¥S. MOORE: I have no redirect, ¥r. Chairman.

JUDGE GLEASON: The Board has a few questions.

BOARD EXAMINATION

BY JUDGE SHON:

0 First of all, Mr. Blond or Mr. Rowsome, in the
course of cross-examination Mr. Blum asked you a few
things about the ACRS. Now, we are awvare that at least
twvo ACRS members had some rather harsh words about the
present state of the art about PRA. They in fact called
it a sham, if I'm not mistaken, in writing; is this
correct?

A (NITNESS ROWSOME) I believe they did say
that, in tihe particular context of measuring compliance

with safety goals and not in a broader context, but yes,

ALDERSON REPORTING COMPANY, INC,

4’ ,VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345

7235



10

1

12

13

14

15

16

17

18

19

21

23

24

25

I am avare of that.

e What is the Staff's attitude toward this ACRS
position that indeed it is not a proper way of
approaching safety goals? Do you think that this is.g
reasonable position or is it extreme or what?

A (NITNESS ROWSOME) I believe it is the
position of the Staff that it is a little presumptuous
to imagine that the state of the art is such that ve
could reliably measure compliance with thresholds of
acceptable risk.

Q I am struck by one thing, and this is quite
another subject, actually. Are you familiar with

Godel's theorem, G-o-d-e-17?

.} (WITNESS ROWSOME) VYes, I'm awvare of it. I am

not very up to speed on it.

Q Something you said on page 12 reminded me

vaguely of it, the statement of yours that an attempt to

be comprehensive is bought at a considerable price.
Godel states that for a system of logic, which PRA
certainly is, you cannot be both comprehensive and
totally consistent.

A (WITNESS ROWSOME) That's correcte.

Q Do you suppose you're bumping into that rather

than Heisenbazrg?

A (WITNESS ROWSOME) I don't think we've reached

ALDERSON REPORTING COMPANY, INC,
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that peint yet. I think ve run into practical
limitacions refore we get to “he Godel limitations.

Q I notice Mr. Brandenburg pointed out the
statement that you made alsc on page 12 to the effect
that we are not very good at predicting the likelihood
that operators might misdiagnose an accident ard so
employ the wrong procedures. And when asked to identify
the "ve" you said you meant the Staff.

I notice that in the previous testimony that
ve have had from the writers of the IPPSS, they told us
that for matters concerning operator response and human
response they relied on a documert, NURE ,.R-1278,
"Handbook of Human Reliability Analysis, Emphasis on
Nuclear Power Plant Applications.”

Since that has a NUREG number, it would seenm
to me that it has a modicum at least of Staff sanction.

A (WITNESS RCWSOME) Yes.

Q Now, my gquestion is, if the Staff doesn't
believe that these kinds of numbers are very reliable,
then what about the fact that other reople seem to be
relying on a Staff document or a document sanctioned by
the Staff?

B (VITNESS ROWSOME) Yes. You'll have more
expert testimony on the subject by the authors of that

docurent a little later, but I am sure you want me to

ALGER: o« "TP0ORTING COMPANY, INC,

400 VIRGINIA AVE,, SW., WASHINGTON, D.C. 20024 (202) 554-2345



10

1

12

13

14

15

16

17

18

19

21

22

23

24

25

7238

address th2 guestion independently.

There are some areas of human reliability
analysis that are much more reliable._nnch more
trustwocthy, than othars. The kinds of things we can do
well are the assessment of errors in maintenance and
surveillanc:, such as inadvertently leaving a valve in
the wrong alignment after maintenance, small departures
from accepted and appropriate procedures, a maintenance
man who grabs for the wrong switch or the w.ong valve or
miscalibrates something.

That kind of thing can be done fairly
coherently, where the data base is imprecise but there
is a data base. Where human reliability analysis
becomes less reliable is in the realm of the broad
cognitive pattern recognition problem mentioned before
and, for that matter, in the realm of the creativity
that an operator can bring to bear, the imaginative fix
that wasn't in the prccedure, the imaginative
jury-rigging of ejuipmoent to get one throuch a tr ing
time.

We know such things happen. We cannot model
them and have not attempted to model them in the PRA.

Q With regard to sources of error in the PRA and
the general reliability of the PRA and tie Indian Point

probabilistic safety study in particular, it seemed to

ALDERSON REPORTING COMPANY, INC,
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me at least, as one member of this Roard, while
listening to what the witnesses yesterday had to say and
what you had to say that there are two fundamental kinds
of errors.

One is a dubiousness about the data base that
can be assigned to individual parameters that enter into
a calculation, and this dubiousness can be carried
through the calculation in a very simrle manner. It is
more arithmetic than I care to do with a pencil and
paper, but it can be carried through to produce a folded
error making use of some assumed distribution for the
parameters and you get a d:stribution and hence 90
percent confidence from the final answver.

But there's another kind of error, and that is
the kind in which one says there's the complete omission
of a sequence or something. The witnesses yesterday
made some attempt to talk about that, but I think didn't
address it fully.

What assurance do wve have that that docesn't
Just completely swamp the 'ind of 90 percent confidence
that you calculate from the base there, for example, the
fact that you just missed something?

A (WITNESS POWSCME) T believe the cumulative
effect of modeling approximations in completeness issues

does in fact swamp in most cases the uncertainty
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originating from statistics, input data.

Q You think it does?

A (WITNESS ROWSOME) T think it does.

Q If that is true, then let me put to you a
hypothetical theorem that I've heard before, that there
is some bottom noise level, if you want, some background
level of human error and human mistakes, that says the
best a human being or a group of human beings can do is
some fixed number, that the chance that things will go
wrong is like one in a thousand, like ‘lo.3 or
something.

And if you do a calculation that shows the
chance that something will go wrong is one in a million,
then all that really shows is that the chances are a
thousand to one that you've missed something. Is it
possible that we're confronted with 2 situation like
that, that these one in a millior years, one in a
hundred million years, one in a billion year figures
that ve have been talking about for severe accidents are
the result of just not having gone down the right path?

A (WITNESS ROWSORE) Well, it is certainly true
that the smaller risk prediction from the PRA is, the
less confidence I have in its accuracy. But as I
pointed out earlier, when you are calculating individual

accident sequences there are some occasiocns in which you
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find a large number of coicidences that you know are
pure coincidences. They are not coupl2d. And while you
can have a great deal of confidence in a very small
number for an individual accident sequence, but
generalizing to a plant, you are right.

I do think that it is difficult to attribute
reliability to the very small answers that have come out
of some.

Q One last guestion or possibly a pair of
questions on a totally different subject. This is a
question I should perhaps really have asked the
vitnesses yesterday. I had noted it down. But as
experts in probabilistic risk assessment and wrat has
been done on the PRA's that we have seen, I think one of
you two gentlemen could probably set me straight con it.

We discussed, particularly with Dr. Kaplan
yesterday, if you were here, we discussed in some detail
the quantity lambda or the failure rate of various
devices.

2 (WITNESS ROWSOME) Yes.

Q And he spoke of lambda as if it vere simply a
number, a concept. Now, it seems to me that is not
necessarily true. Indeed, lambda may be a function of
time, in that the usual case is that lambda is high when

a device is first installed and being debugged, and that
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it drops to some constant level, and then when the
things starts wearing out lambda goes back up again.
You have what they sometimes call a bathtub-shaped
curve. It goes down, levels, and then goes back up.

When the lambdas were selected to go into the
IPPSS and subsequent studies, vere they simply treated
as constants or wvas some allowance made for the fact
that equipment does wear out and that the failure rate,
the probability of failure at any rate, goes up very
high for old equipment?

A (WITNESS ROWSOME) You will get from both the
Licensees and the Staff better wvitnesses than we to
answer that guestion. So I suggest you bring it up.
But I think I know the answver and I think that is that
no explicit accountiag for wearout or burnin problems
vas made, and that the statistics of failure since the
plant vent into service were just treated as though it
vere an es*imate of the uniform hazard rate, uniform
failure rate.

Q Well, as I say, I perhaps should have asked
that yesterday, but I'm sure ve'll get it from some
other witness. That seems to be rather an odd
approximation, because if you ever tried to drive an old
car or run around the block with an old body you

discover that things do wear out.
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A (WITNESS ROWSOME) It was our philosophy in
giving the Staff answer to the Commission gquestion that
ve vere atteapting to calculate the risk at particular
periods of time. We present twc families o0f resultss
one our version of the IPPSS, that is, one version of
the risk as we believe it was true of the plants as they
vere designed and operated in 1981; and zauother number
that credits some fixes made since and that w2 believe
to be applicable to 1983.

we have not projected future wearout effects
or the learning curve, that things may get better. So
that I would say that ocur own risk projections would
become progressively less reliable the further in the
future one goes.,

Q I guess I'm almost as troubled by the notion
that this accident will only happen once in 100,000
years, but that figure is only good for the next year
and a half. I'm troubled by that. You know, there's
only a one in a million chance, but there's a chance in
ten that I'm wvrong, that we had yesterday, if something
vas internally inconsistent.

Well, thank you. That's all I have.
JUDGE GLEASON: The witnesses can step down.
We'll now take a very short break and proceed

with the Staff's next wvitnesses.
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(Whereupon, at 11302 a.m., the hearing in the

above-entitled matter was recessed, to reconvene at

113423 a.ne.

the same day.)
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(11323 aenme)
Whereupon,
DENNIS C. BLEY
DENNIS C. RICHARDSON
and STANLEY KAPLAN,
recalled as vitnesses by counsel for the Regulatory
Staff, having previously been duly swvorn by the
Chairman, were examined and testified as follows:
(Witnesses swvorn.)
Whereupon,
ROBERT E. HENRY
NICHOLAS J. LIPARULO
HAROLD F. PERLA
and RICHARD H. TOLAND,
called as witnesses by counsel for the Regulatory Staff,
having first been duly swvorn by the Chairman, were
examined and testified as follows:

MR. BRANDENBURG: MNr. Chairman, I might
introduce them before the Board asks guestions. Sitting
at the end here is Dr. ~ "oland. Sitting next to
him is Dr. Robert Henry, 4 next to him, Nr.
Nicholas Liparulo. Next to Fr. Liparulo is Mr. Dennis
Richardson, who has testified befors before the panel.
Next to Mr. Richardson is Dr. Dennis Bley, who has

similarly testified previcusly. Next to Dr. Bley is Dr.
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Stanley Kaplan, a previous witness. And next to Mr.
Kaplan is Mr. Harold Perla.
DIRECT EYAMINATION
BY FR. BRANDENBURG:

Q Dr. Toland, starting with you, please, will
you state your full name. And perhaps we can shorten
this by asking you to state at the same time your place
of business and your position.

A (NITNESS TOLAND) My name is Richard Toland.
I'm with Urnited Engineers and Constructors in
Philadelphia, Pennsylvania. I am the Maunager of the
Structural Analysis Groupe.

A (NITNESS HENRY) My name is Robert E. Henry.
I'm with Frosky and Associates, Burr Ridge, Illinois.
I'm a principal with the firm.

A (WITNESS LIPARULO) My name is Kick Liparulo
of Westinghouse Flectric. I am Manager of Core
Containment Consequence Analysis, and I am in
Pittsburg.

A (RITNESS RICHARDSON) My name is Dennis E.
Richardson. I work for Westinghouse Electric
Corporation, Pittsbury, Pennsylvania. I am Manager of
Risk Assessment Technology.

A (WITNESS BLEY) My name is Pennis Carl Bley.

I work with Pickard, Lowe and Garrick in Irvine,

ALDERSON REPORTING COMPANY, INC,
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Californja. I'm a consultant.

A (WITNESS KAPLAN) I am Stanley Kaplan. I am
consultant to Pickard, Lowe and Garrick in Irvine,
California.

A (WITNESS PERLA) I am Harold Peria. I'm a
consultant with Pickard, Lowe and Garrick in Irvine,
California.

Q Do each of you gentlemen have in front of you
a document entitled "Licensees' Testimeony on Commission
Question 1 and Board Question 1.1," dated January 20,
19837

A (WITNESS BLEY) Yes.

A (WITNESS HENRY) Yes.

B (WITNESS KAPLAN) Yes.

A (WITNESS LIPRRULO) Yese.

A (WITNESS PERLA) VYes.

B (WITNESS RICHARDSON) Yes.

A (WITNESS TOLAND) Yes.

0 Did you participate in the preparation of this
testimony or was it prepared under your direct
supervision?

» (WITNESS BLEY) Yes.

A (WITNESS HENRY) Yes.

A (WITNESS KAPLAN) Yes.

R (WITNESS LIPARULO) Yes.

ALDERSON REPORTING COMPANY, INC,
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. 1 A (WITXESS PERLA) Yes.
2 A (WITNESS RICHARDSON) Yes.
3 A (WITNESS TOLAND) Yes.

4 Q Other than the listing of errata dgted
5 February 6, 1983, do you have any further changes,

6 additions or corrections to this testimony?

7 A (WITNESS BLEY) VNo.
8 A (WITNESS HENRY) VNo.
9 A (WITKESS KAPLAN) \No.
10 5 (WITNESS LIPARULO) No.
1 A (WITNESS PERLA) No.
12 2 (WITNESS RICKARDSOK) No.
13 2 (WITNESS TOLAND) No.
. 14 Q Is everything contained in this testimony true

15 and accurate to the best of your knowledge, information

16 and belief?

17 A (WITNESS BLEY) Yes.
18 A (WITNESS HENRY) [Yes.
19 A (WITNESS XAPLAN) Yes.
20 A (WITNESS LIPARULO) Yes.
21 A (WITNESS PERLR) Yes.
22 A (WITNESS RICHARDSON) Yes.
23 » (WITNESS TCLRND) Yes.
. 24 Q Do each of you adopt this document as your

25 testimony in this proceeding?

ALDERSON REPORTING COMPANY, INC
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B (WITNESS BLEY) VYes.

A (WITNESS HENRY) Yes.

A (WITNESS KAPLAN) Yes.

A (WITNESS LIPARULO) Yes.

X (WITNESS PERLA) Yes.

R (WITNESS RICHARDSON) Yes.
A (NITNESS TOLAND) Yes.

MR. BRANDENBURG: Mr. Chairman, this document
vas received into evidence by this Board yesterday. I
will not move that it be accepted once more, of course.

These vitnesses are now available for
cross-examination.

JUDGE GLEASON: TIs there, Mr. Brandenburg, one
of these witnesses who wvants to summarize what this
testimony consists of?

MR. BRANDENBURG: Dr. Bley can, I think,
summarize the area of concentration of this panel, and
also Nr. Richardson for Westinghouse.

WITNESS BLEYs Thank you. The testimony of
this panel addresses analysis in the IFPPSS and since the
publication of IPPSS. Specifically, it describes the
selection of initiating events, the analysis of the
response of the plant systems and operators to those
initiating events, and the containment response

analysis.
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With respect to initiating events, we
developed a complete set of initiating event groups,
complete in the sense that before severe core damage can
develop on2 or more of these groups must occur. We
searched further for what I will call common cause
initiating events, events which cause either mere than
one of the initiating event aroups to occur or both
cause an initiating event and to some extent degrade the
pecrformanca2 of th2 systems useful in controlling the
progress of the event sequences.

This process included reviewing systems design
and systems interactions, as well as postulating severe
environmental events or what in IPPSS is called external
evants.,

With respect to the plant response analysis,
ve performed a detailed event sequence analysis that
included supporting systems and data analyses and the
response of the plant and structures to external
initiating events. The result of this phase of our work
is a set of frequencies for reaching various plant
damage states, for which essentially all of the events
vithin them, the seguences within them, look nearly the
same to the containment response analysis.

Nr. Richardson will continus our summary with

a description of the containment response worke.
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WITNESS RICHARDSON: In the core and
containment area, our testimony will show that we have
very high confidence, that we are very certain that the
Indian Point containments, Unit 2 and 3, are most
difficult to fail. This can be broken up generally into
two areas.

For those degraded core segquences that don't
bypass the containment, when we have minimal containment
safeguards available, ve believe it is almost impossible
to fail the containment, looking at the analysis and the
research conclusions ve have. Basically a realistic
assessment of the degraded core situations where we have
minimal safeguards shows that the maximum expected
pressure is less than the design basis pressure, around
60, 62 psi.

When we add great comnscuvatism to this in
terms of adding on the hyarogen burns and at the wvorst
times adding in the steam spikes and other conditions
that you will see in the testimony, even then wve
wouldn't expect the maximum containment internal
pressure to go above 100 psi.

To repeat one more time, our most realistic,
our best estimate analysis, would show that the maximunm
pressure would not even exceed design basis, and that

with added conservatisms and nonrealistic models added
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to this, would show that the containment pressure even
in these cases would probably not exceed 100 psi. We
believe that the containment adds safeguards to this
plant in terms of public risk, that even with
uncertainties, perhaps initiating event freguencies or
firequencies of core melt scenarios, that the containment
itself will not fail.

Now, in cases where we do not have containment
safeguards or heat removal systems available, even then
ve are sure it will take a very long time, in terms of
many hours, for the containment to fail, which
contributes greatly to the reiuction in terms of public
risk.

So I guess the story that really is in the
testimony in terms of core and containment is our
certainty and our expectation that the Indian Peint
containments are very difficult to fail. They will not
fail under most circumstances that would Pe credible in
terms of degraded core, and they add a great mitigation
in terms of public health and safety.

JUDGE GLEASOF: All right, thank you.

¥r. Blum, if this array of wvitnesses doesn't
discourage you, would you like to proceed?

MR. BLUMg: "r. Hartzman is prepared to go

forward now. We thought it would be faster.
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CROSS-EXAMINATION ON BEHRALF OF
IRTERVENORS FOE AND AUDUBON

BY MR. HARTZMAN:

Q I will address this to the panel. I'm not
sure vhethar perhaps more than one individual will
ansver or help ansver this gquestion.

JUDGE GLEASCN: If wve could kind of get some
rule of operating that when you say something like that
it doesn't require seven answvers, it really wou.id be
helpful. So try to ansver with ‘a couple of good ones.

WITNESS RICHARDSCN: We will, Your Honor.

JUDGE GLEASON: 1Is that satisfactory?

MR. HARTZMAN: That is satisfactory.

BY MR. HARTZMAN: (Resuming)

Q What are the major uncertainties that ycu have
identified in the plant analysis, in the IPPSS?

R (WITNESS BLEY) Within the plant analysis
there are a variety of uncertainties, all of which
contribute to the uncertainties in our final ansvers.
Maybe the best approach would be to talk in terms of
several different plant damage states.

For the case of the interfacing systems LOCA,
the major uncertainties -- and they are very large =--
have to do with the plausibility of the failure modes of

the valves invelved in the failures. We are looking at
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a situation where no valves in service in power plants
hav: ever failed in this mode, the rupture of a disc
through that is seated. We are sure that the chance is
very low that tnis will happen, but because it has never
happened the uncertainties are rather large.

That is the first one. With respect to events
leading to the plant damage states that eventually go
into the 2RW release category, the uncertainties are
prirarily coming from our analyses of external events --
seismic, fire and wind -- and the uncertainties are both
in the frequencies of the initiating events itself, very
rare events in themselves, and for the case of seismic
and wind the fragilities of equipment to those
initiating events.

And finally, for the cases in which the
containment remains intact, the categories 8A and 8B,
the uncertainties are primarily coming from
uncertainties in initiating event, frequency of internal
events, and uncertainties in the failure rates of
specific pieces of equipment.

Q Does any other panel member wish to add to
that? |

A (WITNESS KAPLAN) Yes, I would like to add
something on this vhole notion of large uncertainties.

This relat2s to Dr. Bley's answer right now and also to

ALDERSON REPORTING COMPANY, INC,
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the guestion ycu put to ¥r. Rowsome earlier in your
sixth order of magnitude notion.

This has to do with what is a large
uncertainty. If you know that the frequency of an event
is no bigger than 10-6, but it might be as low as
10-12, there you have six orders of magnitude. On the
other hand, the whole range of that uncertainty is less
than one times 10-5.

So is that a big uncertainty or is that a
little? So if you look at it that way it is a very

mall uncertainty. So just the point is, vhen you get
to very small guantities, in terms of orders of
magnitude or multiples, you can have many, many
multiples, many orders of magnitude, but that is still a
very, very minute qguantity.

So percentagewise you can have “Yuge
uncertainties, percentagewise, but it amounts to still a
very small uncertainty.

0 But Dr. Kaplan, at those very small
probabilities wouldn't your analysis be more demanding
in terms of trying to get a reliable number at those
very lowv levels?

A (WITNESS KAPLAN) No. Here again, it depends
on what you mean by reliable. If you are content with

-6
the statement that it is less than 10 , end. If you
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-9
vant to knov the 1ifference between 10 and
-10, if that is an important difference to you, that is
10
a very demanding question.

But the statement that it's in the
-9 -10
neighborhecod of 10 , 10 » Or that it's less than
-6
10 , that may not be very demanding.

Q So would it be the upper probability estimate
that is of greatest importance in that analysis, then?

A (WITNRESS KAPLAN) What is of greatest
importance is the whole curve. Now, if you know that
the upper end of the curve is somewhare in the range of

-6
10 , it may not be of much importance to you to know

-12 -15
whether the lowver end of the curve is 10 or 10
-50
or 10 « Do you get my point?
0 Would it be more important to knowv =-- well,

vhen you say it may not be important, is that for -- for
vhat purpose?

A (WITNESS KAPLAN) For the purpcses of
decisionmaking, which is the only rucpose for which ve
do this kind of analysis in the first place.

Q But wvhen you have numbers at that level, even
vhen you're trying to make decisions, is it more
important to lock at cthat upper probability estimate or
at a median or mean or some average like that?

A (WITNESS KAPLAN) It is important to look at

ALDERSON REPORTING COMPANY, INC,
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the whole curve, which is the whole storye.

Q When you say it is important to look at the
vhole curve, could you expl:in what you mean by that?

A (WITNESS KAPLAN) Yes. I thought I explained
that a lot yesterday.
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