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JUDGE SMITH: Good morning.

Is there any preliminary business?

(No response.)

JUDGE SMITH: I note that we received our in
camera testimony on the sabotage issue; but I don't
believe we provided for execution of contracts for the
non-lawyers who were present. I mean, that would be Mr.
Campbell and Mrs. Johnson.

I got the impression that the Applicant was going to
take care of that, although I don't know if it was
expressly understood.

MR. RAWSON: Judge Smith, I don't believe we had
addressed the question of who specifically would be
preparing non-disclosure documents.

JUDGE SMITH: I suggest that -- we have the in
camera testimony here. We will give Mrs. Johnson and Mr.
Campbell an opportunity to read it and sign it. That
seems to be a shortcut way to accomplish the same thing.

They did agree orally during the in camera testimony
to hold the information confidential.

Whatever the parties wish. I just want to point out
that it is an open item of business.

That is just as a proposal. We will come back to it
later.

Mr. Gallo.

SONNTAG REPORTING SERVICE, LTD.
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MR. GALLO: Thank you, Judge Smith.

At this time I would like to call as my witness, in
connection with three contentions, League of Women Voters
8 and 62 and DAARE/SAFE Contention 2a =-- I would like to
call Mr. Levine to the stand.

(Witness sworn.,)
JUDGE SMITH: Before Mr. Levine starts to
testify, the record should reflect that Mr. Levine was a
member of the NRC staff. He lectured the members of the
Atomic Safety and Licensing Board panel during an annual
training meeting on the event tree and fault tree
methodologies.
I was present.
Dr. Cole, were you?
JUDGE COLE: Yes.
JUDGE SMITH: Dr. Callihan wasn't present.
I say with varying degrees of comprehension.
SAUL LEVINE
called as a witness by counsel for Applicant, having first been

duly sworn by the Chairman, was examined and testified as

follows:
DIRECT EXAMINATION
BY MR. GALLO
Q Mr. Levine, would you state your full name and occupation

for the record, please?

SONNTAG REPORTING SERVICE, LTD.
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My name is Saul Levine. I am Vice President and Group
Executive of the consulting group of NUS Corporation.
Mr. Levine, have you prepared testimony for this
proceeding in connection with Contentions 8, 62 and 2a?
Yes, I have.
I show you a document entitled, "Testimony of Saul
Levine," consisting of approximately 35 pages, and ask you
if this is the testimony that you prepared for this
proceeding?
Yes, it is.
Is it accurate and correct, to the best of your knowledge
and belief?
Yes, as far as I know.
Well, did you check it to determine whether or not it was?
Yes, I did.
Thank you.

If you were asked to testify orally here today, is
this the testimony you would give?

Yes, it is.

MR. GALLO: At this time, Mr. Chairman, I would
like to offer the testimony of Mr. Saul Levine into
evidence and enfold it into the testimony transcript as if
read.

MR. THOMAS: No objection.,

MR. RAWSON: No objection.

SONNTAG REPORTING SERVICE, LTD.
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JUDGE SMITH: The testimony is received.

(The document referred to, the prepared

testimony of Saul Levine,

evidence, follows:)

SONNTAG REPORTING SERVICE,

received in

LTD.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)
COMMONWEALTH EDISON COMPANY ) Docket No. 50-454-0LA
) 50-455-0LA
(Byron Station, Units 1 and 2) )

COVER SHEET

The testimony of Mr. Saul Levine, an expert and
consultant to Commonwealth Edison Company, addresses the
*Class 9" contentions in this proceeding, namely Rockford
League of Women Voters' Contentions 8 and 6z, and DAARE/SAFE
contention 2(a). Mr. Levine describes and discusses:

) NRC's use ©f the deterministic apprcach for
making safety decisions, and the evolution, uses and limita-
tions of PRA methodology;

r the development of WASH~-1400 and the Lewis
Committee's critique of that document;

: A his evaluation of and concurrence with the NRC
Staff's discussion of severe accidents in the Final Environ-
mental Statement for the Byron Station;

4. design features incorporated in the Byron
design that provide protection against accidents beyond the
design basis; and

S. the incremental risk to the residents in the
Rockford envircns from accidents at Byron Station, taking into
consideration the existing risk from other nearby operating
nuclear power plants.

Mr. Levine concludes that:

1. Contrary to the assertions in Contention 8,
WASH-1400 and its methodology are appropriate for use in esti-
mating public risk from reactor accidents as part of NRC's
Final Envircnmental Statements for reactors, and that the NRC
Staff evaluation for Bvron Staticn is reasonable and conserva-

tive.

e Contrary to the assertion in Contention 62, the
design of the Byron Station does prcvide substantial protec-
tion against severe or "Class 9" accidents.

3. The incremental risk to residents of the
Rockford environs from accidents at Byron Station taking into
account the risk from accidents at other nearby operating
nuclear power plants is small.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE TEE ATOMIC SAFETY AND LICENSING B30ARD
IN THE MATTER OF
COMMONWEALTE EDISON COMPANY

(Byron Nuclear Power Station Units 1 & 2)

TESTIMONY OF SAUL LEVINE

3e Introduction

My name is Saul Levine, and I am Vice President and Consulting
Group Executive, NUS Corporation, Gaithersburg, Maryland.

The NUS Corporation is an internationally known consulting
company in the field of energy and has some 1300 employees.

'Hy organization is responsible for performing nuclear power
plant safety analyses, probabilistic risk assessments and
reliability analyses; providing quality assurance services;
supplying environmental services; and assisting NUS clients in
reactor licensing.

1 have been involved with the application of nuclear energy
for nearly 30 years. I hold a B.S. degree from the U. S.
Naval Academy and two degrees from the Massachusetts Institute
of Technology: a B.S. in electronics engineering and an M.S.
in nuclear engineering. After serving in the U. S. Submarine
Service from 1945 to 1954, I reported, from 1955 to 1358, to



Adnmiral Rickover as Project Officer for the U.S.S. Enterprise,
the world's first nuclear powered aircraft carrier. 1In this
position, I was responsible for directing all technical,
financial, production, and administrative aspects of the re-
actor plant prototypes and the production plants for the
0.5.S. Enterprise. Prom 1958 to 1962, I worked in the U. S,
Navy's Special Projects Office, which was responsible for pro-
ducing the submarine based Polaris Missile System. I managed
the design, integration, installation, testing, and perfor-
mance evaluation of the Polaris Missile Submarine Navigation

System. s

From 1962 through the end of 1979, I was with the U. S. Atomic
Energy Commission (AEC) and its successor, the U.S. Nuclear
Regulatory Commisson (NRC). During those years, I was Assis-
tant Director for Reactor Technology, Assistant Director of
the Division of Environmental Affairs, Project Staff Director
for the Reactor Safety Study (HASB-IGOO)(l’, which represented
the first comprehensive evaluation of the likelihood and con-
sequences of nuclear power plant accidents, Assistant
Ditector, Division of Reactor Safety Research, Deputy
Director, Office of Nuclear Regulatory Research, and Director,
Office of Nuclear Regulatory Research. 1In 1980 I joined NUS
Corporation as Vice President and Consulting Group Executive.

b Purpose

The purposes of my testimony are to present and support my
judgements that

(1) the NRC staff evaluation of the probabilities and
consequences of severe accidents at the Byron
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Station, as presented in the Byron Final Environ-
mental Statement, represents a reasonable approach
and results in a prediction of public risks higher
than that which might occur and is therefore con-
servative.

(2) the Byron Station design, as those of all U.S.
commercial nuclear power plants, provides signifi-
cant protection against severe (so called Class 9)
accidents, that is accidents more severe than the
traditionally analyzed design basis accidents
(DBAs) , and

(3) that the cumulative risk to DeKalb-Sycamore and
Rockford area residents from accidents at the Byron
Station and other plants in northern Illincis is
negligible.

My testimony is related tc Contentions 8 and 62 introduced by
the Rockford League of Women Voters, and Contention 2(A)
introduced by DAARE/SAFE.

¥ Standard NRC Safety Evaluations

Before proceeding with these discussions, it would be useful
to describe briefly the way safety evaluations of nuclear
power plants are performed in the Nuclear Regulatory
Commission's licensing process. Each plant that is licensed
by the NRC has to demonstrate that it meets an extensive set
of NRC regulations and other requirements to ensure that opera-
tion of the plant will not represent undue risk to the health
and safety of the public. These regquirements cover the engi-
neering aspects of the plant to achieve high quality in design



and construction so that failures of equipment such as pipes,
valves, pumps, electrical and control equipment will not cause
accidents that can release large amounts of radiocactivity that
could harm the public. There are also requirements for the
plant to withstand severe extei. .l events such as earthquakes,
floods and tornadoes that might cause failures in the plant.
In addition to these requirements, several explicitly defined
accidents, called design balf; accidents or DBAs, are analyzed
in the licensing process to demonstrate that people living
near the plant will not be subjected to undue risk from radio~-
active releases. 1In these accidents, some specified set of
initial failures are assumed. The safety systems that are in-
stalled in the plant are then analyzed to ensure that they
will fulfill their designed functions, and that, as a result,
no significant amounts of radicactivity will be released from
the plant. All safety systems have redundant components SO
that failure of single components within the systems will not
cause the systems to fail.

As part of the NRC process, it is required that emergency
plans be developed so that, in the very unlikely event of a
large release of radiocactivity, people in the vicinity of the
plant can be protected by evacuation.

This NRC process has come to be called *deterninistic® because
it is not probabilistic in nature. That is, over the years
the entire nuclear community, by participating in NRC's pro-
cess, has defined, by qualitative engineering judgement, as

opposed to quantitative probabilistic estimates, those ele~
ments that must be considered in safety evaluations and those
that need not be considered. This approach to nuclear power



plant safety is followed throughout the world and has produced
nuclear power plants with good safety records.

However, the safety evaluations performed in NRC's licensing
process do not make quantitative estimates of risk to the pub-
lic that might occur from plant accidents. Complenmentary
analyses, which are not required by NRC regulations, called
probabilistic risk assessments, can be performed to estimate
both the probability and th; consequences to the public of
plant accidents.

4. Probabilistic Risk Assessment

Probabilistic risk assessment can be thought of in simple
terms as being a combination of logic structures (event trees,
fault trees, etc.) that permits estimates to be made of the
likelihood and consegquences of accidents t: ~ave not been
observed because of their low freguency of occurrence.
Because oquipment failures and human ercors are of higher fre-
quency than entire system failures, they are, in fact,
observed in the operation of plants. The logic structure of
fault trees is such that data obtained on plant equipment
f#ilures and human errors can be used to estimate the proba-
bility of plant system failures that have not been observed
because of their low freguency. The logic structure of event
trees is such that the combinations of system failures (aceci-
dent seguences) that can cause releases of radiocactivity to
the environment can be defined and their probabilities of
occurrence can be estimated from the system failure proba-

bilities supplied by the fault trees.
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When the probabilities of various accident sequences have been
determined, the physical processes that could occur during
these loducncos must be analyzed to estimate the amount of
radicactivity that could be released to the environment by the
various accident sequences. With the probability of releases
of various amounts of radicactivity in hand, a further
analysis is needed to predict the dispersion of radicactivity
in the environment and the health effects induced in people
who may be exposed to this radicactivity.

The logic structures dcsc:ibﬁd above permit consideration of
(1) internal plant failures {equipment failures; human errors
in testing, maintenance, and operation; fires; internal
floods), (2) events external to the plant (earthquakes, hurri-
canes, tornadoes, floods) that might cause plant failures, and
(3) protective actions like evacuation if a severe accident

were tO occur.

Before proceeding with a discussion of the Reactor Safety
Study it is useful to examine the question of why PRA studies
are not and snould not be required in safety-related licens-
ing, as opposed to environmental licensing, of individual
nuclear power plants such as Byron. There are gseveral reasons

for this:,

° As I have noted earlier, the existing deterministic
regulations have been shown to provide nuclear power
plants that present very small risks to the public;
thus, a radical departure in the basic philoscphy
supporting the structure of NRC regulatory regquire~
ments is neither necessary nor desirable.

B VA g, g, g, g - AL



© . The predictions of public risk in PRAs have large
uncertainties which make the use of such predictions
in the safety-related licensing of reactors
questionable at this time. Bowever the approach
followed by the NRC in its FES is useful because,
even in using conservative estimates to account for
uncertainties, it is able to show that the risks
from potential accidents at the Byron Station are
small compared to other risks to which the popula-
tion in the vicinity of the plant a:e already
exposed. :

° It is still too early to codify the performance of
full PRAs. PRA is a rapidly evolving methodology
and much research is being done that will aid the
understanding of, and  ultimately reduce the
uncertainties involved in predicting, the physical
processes associated with molten fuel and fission
product behavior. The performance of an increasing
number of PRAs is resulting in improvements associ-
ated with manv other aspects of PRA pethods. While
the use of full PRAs is now of little utility in the
safety-related licensing process, part of the over-
all PRA methodology, especially that associated
with the prediction of system reliability, can some-
times be of help in resolving safety issues in indi-
vidual licensing cases.

S. Reactor Safety Study (WASE-1400)

As stated earlier, the application of probabilistic risk
assessment techniques to nuclear power plants was first done



most comprehensively in the Reactor Safety Study (WASH-1400).
This was a landmark study that developed a significant portion
of the methodology now used both in the United States and
abroad. It has also been demonstrated that WASH-1400 has pre-
dicted essentially correctly events that have occurred, such
as the accident at the Three Mile Island-2 nuclear power
plant.

Of course, since the Reactor.Safety Study was completed seven
years ago, improvements in the methodology have been made so
that the state-of-the-art of probabilistic risk assessment is
today significantly advanced over WASE-1400. For example, the
data base for equipment performance has been increased signif-
icantly by the efforts of the NRC in analyzing Licensee Event
Reports and by the efforts of utilities in collecting plant-
specific data for PRAs. Much better models are now available
for seismic and fire analyses in comparison with the rudimen-
tary models used in WASE-1400. Purther, although WASE-1400
made significant steps forward in the modeling of common-cause
failures and human errors, further improvements have also been
made in these wmodels. Finally, the NRC's research program has
led to a better understanding of how unlikely large steam ex-
plosions are and of the much slower reaction that would occur

‘between molten fuel and concrete; also industry's efforts in

better describing the physical phenomena associated with
molten fuel are important.

The charter of the Reactor Safety Study (WASH-1400) was to
make quantitative predictions of the risks to the public from
potential accidents from 100 operating nuclear power plants.
This was done by analyzing in great detail two specific react-
ors (a pressurized water reactor and a boiling water reactor)



and extrapolating this information to an assumed population of
100 reactors at a "composite® site that included the signifi-
cant characteristics of the sites at which these reactors were
located. The site characteristics included population and
meteorological features of 68 different sites. The major
result of the Reactor Safety Study was that the risk from a
population of 100 reactors in the United States was estimated
to be very small when conparid to other existing risks in our

society.

The Reactor Safety Study generated a considerable amount of
controversy when it was published. In response to a request
from the Congress, the Nuclear Regulatory Commission estab-
lished a Risk Assessment Review Group, chaired by Professor
Harold Lewis, University of California, Santa Barbara. This
group has subsequently become known as the Lewis Committee.
The charter for this group was, in part, to clarify the
achievements and limitations of WASHE-1400, ¢to study the
present state of such risk assessment methodology, and to
recommend to the Commission how such methodology could be used
in the regulatory and licensing process.

6. Contention 8

I have examined Contention 8 and note that it is incorrect in
many respects. It states that ®* ..the Lewis Committee has now
called into serious gquestion the entire methodology, as well
as the findings and conclusions, of the Rasmussen Report..."
(WASHE-1400). It is true of course that the Lewis Report did
criticize certain aspects of WASE-1400, especially the Execu-
tive Summary and the uncertainty associated with its probabil-
ity predictions. BHowever, I should note a few points from the



sumpary and findings of the Lewis Committee Report (NUREG/CR~-
0400)(2) that will demonstrate the basic inaccuracy of this
statement. I share these viewpoints.

o Event tree/fault tree methodology is demonstrably
sound.

o These methods provide a substantial advance over
previous attempts to estimate the public risks from
nuclear power plants. Event tree/fault tree method-
ology and other aspects of th- “eling have set a
framework that can be used broac.; .. #ss choices
involving both technical consequences and impacts
on humans.

o The event tree/fault tree approach with an adeguate
data base is the best available tool with which to
quantitatively predict the probabilities of reactor
accidents.

The Lewis Report also contained a number of important recom-
mendations, the complete text of which is included as an
addendum to my testimony. The basic thrust of these recommen-
dations is that the WASE-1400 methodology should be applied to
re-examine and improve the fabric of the entire regulatory
process. Clearly the authors of the Lewis Report share my
views that the proper application of the WASHE-1400 methodology

is of great value.

Similarly, the statement by the NRC Commissioners in light of
the Lewis Committee Report is not as negative as asserted Dy
Contention 8. After citing the Lewis Committee discussion of



the limitations of WASH-1400, the Commission statcment(3)con-
cludes as follows:

*Taking due account of the reservations expressed in the
Review Group Report and in its presentation to the Commis-
sion, the Commission supports the extended use of proba-
bilistic risk assessment in regulatory decisionmaking.”

It is important to draw a distinction between regulatory de-
cisionmaking, which encompasses virtually all of the activi-
ties of NRC, and licensing q}cisionmakinq, which is the much
narrower NRC function of making decisions on whether or not to
issue construction permits or operating licenses for individ-
uval plants. It is my view that PRA has several uses in generic
regulatory decisionmaking, where precision is not required,
but very limited applications in making decisions on specific
licenses, where the focus is on compliance with regulations.
Examples of useful generic regulatory applications involve the
examination of existing and proposed regulatory requirements,
establishing research priorities, evaluating priorities and
proposed resolutions for generic safety issues, and evaluating
the significance of selected individual safety issues. Licen-
sing applications of PRA on individual plants should be
limited to specific safety issues in controversy where the in-
sights attainable from PRA techniques are helpful in under-
standing the significance of tne issues.

More recently, the use of PRA in generic regulatcry decision-
making has been strongly endorsed by the reports of the Presi-
dent's Commission on the accident at Three Mile Island (Kemeny
cho:t)(‘) and the NRC Special Inquiry Group (Rogovin

11



loport)(s’. The NRC staff has used the PRA techniques
pioneered by WASH-1400 in many different contexts, including

final environmental statements

(6)

The following are some examples of recent Commission state-
ments on using PRA techniques:

C.

In an October 8, 1901'10ttcr(7) to the NRC Executive
Director for Operations. establishing a Generic Require-
ments Review Committee (GRRC), NRC Chairman Palladino
states, "Tools used by the GRRC for scrutiny would be ex-
pected to include cost-benefit analysis and probabilis-
tic risk assessment where data for its proper use are
adequate." This means that PRA techniques will be used,
where sufficient data exists, to contribute to NRC
decisions concerning whether proposed new regulatory
reguirements are necessary.

In the discussion paper accompanying the proposed policy
statement on safety goals (NURIG-OBBO)(B). issued by the
Commission, is the following statement:

*In summary, we believe that progress in the development
of probabilistic risk assessment and the accumulation of
the relevant data base are sufficient to make it feasible
to use gquantitative reactor safety guidelines for limited

purposes.”

The summary of the NRC statement of interim policy on nu-
clear power plant accident considerations under NEPA(IO)

states as follows:




'It_is the Commission's position that its Environmental
Impact Statements shall include considerations of the
site-specific environmental impacts attributable to
accident seguences that lead to releases of radiation
and/or radicactive materials, including sequences that
can result in inadequate cooling of reactor fuel and to
melting of the reactor core. In this regard, attention
shall be given both to the probability of occurrence of
such releases and to the envinronmental conseguences of
such releases." '

In my earlier position as Director of the Office of Nuclear

Regulatory Research at NRC I directed several useful applica-

tions of PRA, and I would like to discuss three of these

applications here.

One interesting application was the divergent opinions ex-
pressed by four NRC staff members several years ago. They
raised fifteen issues supposedly related to safety and not
being handled adeguately by the Regulatory staff. I received
a letter from Senator Glenn asking me for my independent views

on these issues.

The issues fitted into one of several categories. Four of the
issues related to procedural matters which had no safety im-
pact on reactors. The remaining fit into one of two cate-
gories. One category was accident sequences that had very
small releases of radicactivity to the environment which would
result in negligible public health impacts and, therefore,
were not of significant concern to safety. The remaining se-
quences fit into a category of accidents that could have sig-
nificant potential releases of radicactivity; but the items of
concern in these accident segquences were sc far down the chain

13
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" of probabilities that they could not affect the outcome of the

accident in any significant way. Thus, through the applica-
tion of PRA techniques, these issues were demonstrated to be
insignificant in terms of risk to the public.

An NRC staff effort, which I directed, used PRA techniques in a
reliability context in a comprehensive generic study(s)ot the
reliability of auxiliary feedwater systems in reactors de-
signed by different manufacturers. Although this study
examined a specific issue, namely the reliability of auxiliary
feedwater systems, it was also generic in that a large number
(25) of pressurized water reactor auxiliary feedwater systems
were examined. The results showed a wide variation in relia-
bility from plant to plant. As a direct result of the study,
modifications to improve reliability were identified in
several plants, and these modifications were implemented.

Another application that I was involved in concerned generic
safety issues. There had existed fcr some time 133 unresolved
or generic safety issues that had arisen in the licensing
process. These were examined by the use of probabilistic
techniques and it was determined that only about 20 of these were
of any direct safety significance and the others were of very
little concern. Thus, the 133 items were reduced to about 20

‘in a one month analysis.

I therefore conclude, contrary to the assertions in Conteation
8, that both the Lewis Report itself and the subseguent NRC
statement on WASH-1400 in light of the Lewis Report were sup-
portive of the concept of making use of the PRA methodology
pioneered by WASH-1400 in NRC's regulatory process. 1In addi-
tion, recent independent evaluations of the NRC, by the Kemeny

14
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and Rogovin Committees, have recognized che advantages of PRA
methods and specifically recommended their use in regulatory
decisionmaking. I have given many papers and speeches over the
last few years that reached the same conclusion. (Examples

are References 15, 16, and 17.)

Continuing with the discussion of Contention 8, it states, re-
ferring to WASE-1400, that "...the staff still regulates upon
the validity of the basic conclusions therein.®" This state-
ment is fundamentally in error. The NRC staff does not, and
has not, regulated nuclear power plant safety based on the
conclusions of WASH-1400 or of any probabilistic risk assess-
ment; it uses the deterministic approach discussed earier in
Section 3 of this testimony. PRA evaluations have not been
and are not a part of the licensing process for nuclear power
plants such as the Byron Station.

Contention 8 further concludes that "the withdrawal of NaC's
endorsement of the Reactor Safety Study and its findings
leaves no technical basis for concluding that the actual risk
is low enough to justify operatica of Byron." This excerpt
from the contention contains two errors of fact. First, the
NRC did not withdraw its endorsement of the study and its
findings, but rather withdrew its endorsement of the Executive
Summary of the study, which has nothing to do with the tech-
nical quality of the study itself. Secondly, as just stated,
the NRC staff does not use, and has not in the past used, the
Reactor Safety Study as the technical basis for safety

decisions regarding nuclear power plants.

Contention 8 characterizes the Byron site as a “high popula-
tion density" site. An NRC document(ll’ is available that

15
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compiles and presents demographic characteristics for all ex-
isting or proposed nuclear power reactor sites. This document
reveals that the Byron population density is generally much
less than the average of the lll sites shown, for distances
out to 50 miles. It is therefore incorrect to characterize
the Byron site as a "high population density" site.

With regard to the substance of the Byron FES, I have examined
pages 5-44 through 5-67 thereof, dealing with the risks of se-

vere accidents.

With regard to the core fission product inventory release
fractions tabulated in Table 5.11, I share the judgement,
growing in the nuclear technical community, that these values
are too large. The approach used to calculate the numerical
values of probabilities, public exposures and health effects
presented in Table 5.12, "Summary of Environmental Impacts and
Probabilities," appears reasonable. Evolving work on source
terms and other accident phenomena will almost surely show,

» within a few years, that the tabulated impacts are conserv-

ative. The complementary cumulative distribution functicns
(CCDFs) for early and latent fatalities, shown in Figures 5.8
and 5.9 respectively, appear to be conservative approximations
based on current knowledge.

In reaching a judgement on the adequacy of the Class 9 acci-
dent calculations reported in the Byron FES, I considered the

following:

o the adeqguacy of the methods and results reported in
the FES as compared to those from other PRA evalua-

tions;




] the balance between uncertainties and conservatisms
in the reported analysis, and

° the degree of precision required in the way the re-
sults are applied to decisionmaking.

Each of these considerations is discussed below.

The approach used in the Bytén FES is consistent with present
practices by PRA practiticneés. The body of knowledge accumu-
lated since (and including) the Reactor Safety Study (WASH-
1400) supports the general levels of risk reported in the FES,
and suggests that the FES values are conservative.

Probable conservatisms in source terms (the fractions of core
fission product inventories released) have been referred to
above. Other probable sources of conservatism that seem to be
emerging from ongoing research are a reduced likelihood of
steam explosions, which would make this failure mode of the
pressure vessel or containment less likely than previously
estimated; longer times for containment failure, which would
allow more time for fission product plateout and deposition,
resulting in smaller releases; and a reduced rate of contain-
mant basemat penetration by a molten core which would result
in delays and reductions in fission product release to ground-
water.

These probable conservatisms must be balanced against uncer-
tainties. For example, there is substantial uncertainty in
the accident segquence probabilities cited in Table 5.11 on
page 5-45 of the FES. These uncertainties relate to the guan-
tification of human error prubabilities, inadequacies in the
data base for component failure rates, and the frequencies of

17



external events (tornadoes, floods, earthguakes) ©or Ssuccess-
ful sabotage of the plant. Additional uncertainty is intro-
duced in the models and technigues used for site-dependent
consequence calculations, including those for weather condi-
tions, public protective actions and health effects. In sum,
the PES strikes a balance between conservatisms and uncertain-
ties on the side of conservatism.

The third consideration listed above was the degree of preci-
sion required in the way the analytical results were applied
in decisionmaking. The FES PRA results are used, as reported
in Table 6.1 of the FES (p 6-3), to assist in formulating a
judgement as to whether the radiological impact on human
health from reactor accidents should be classified as small,
moderate or large. It is my view that great precision is not
required for this application, especially since the risks
predicted from nuclear power plant accidents are so much
smaller than the risks to which society is already exposed.

1 conclude that the approach described in the FES is reason-
able, and further that the estimated risks are conservative in
light of current and eveolving knowledge concerning fissicon
product source terms and other severe accident phenomena. I
concur with the NRC staff judgement (FES P 5-67) that the
risks of acute fatality from potential accidents at the site
are small in comparison with acute fatality risks from other
human activities in a comparatively sized population.

7. Contention 62, Accident Mitigcation

Contrary to the assertion of Contention 62, the design of

Byron Station does provide substantial protection against se-
vere (so called "Class 9") accidents. The protection provided

18
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by Byron Station design features falls into two categories,
prevention of severe accidents and mitigation of their conse-
quences should they occur. The WASH~1400 Report and later PRA
studies have all shown that plant structures, systems and com-
ponents incorporated in the design to protect against design
basis accidents have substantial capabilities for providing
protection against more severe accidents as well, A few of
the relevant Byron design features, and their protective func-
tions provided, are described below.

a. Reactor Protection System and Backup Shutdown System

These systems assist in preventing severe accidents
by shutting down the neutron chain reaction and
thereby reducing the core power to very low levels in
response to specified signals. This makes the
probability of accidents characterized by failure
to shut down the reactor very small.

b. Emergency Core Cooling System (ECCS)

The ECCS consists of several sources of water and
delivery systems designed to prevent severe acci-
dents by preventing reactor core melting in the
unlikely event that normal fuel cooling water is
lost. The Byron ECCS design incorporates both hot
leg and cold leg injection, and includes a low-
pressure passive accumulator system, consisting of
four pressure vessels partially filled witn borated
water; two high head injection system pumps, two
{ntermediate head injection system pumps, and two
low head residual heat removal pump subsystems. The

19



appropriate injection systems take suction from the
refueling water storage tank (350,000 gallons)
during the short-term injection phase, and are
aligned to other water sources for long-term recir-
culation. The ECCS will perform its design function
with one accumulator failed and with only one of the
redundant trains of safety injection at the appli-
cable pressure level. The Byron ECCS design
features make the ﬁkobability of losing core cooling
very small.

Containment building

Provides protection against both design basis acci-
dents and more severe accidents by either preventing
releases of significant amounts of radicactive ma-
terials to the environment or, for very unlikely
severe accidents, substantially reducing the size
of releases. The Byron containment has a free
volume of about 3 million cubic feet and a design
pressure of 50 psig. This combination of volume and
pressure capacity results in a very low probability
of containment overpressure failure for severe ac-
cidents; furthermcre, even in those accidents where
the containment might ultimately rupture, this
would occur some hours after the accident, thus
allowing significant time for removal and plateocut
of radicactive materials from the containment atmo-
sphere so that the amount released to the environ-
ment would be significantly reduced. The end result
is a low probability of containment fajilure with the

Byron design.
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‘ d. Containment Spray and Pan Coolers

These safety-grade systems perform two important
functions that mitigate the consequences of severe
accidents and design basis accidents. These func-
tions are (1) decreasing the containment pressure by
cooling the containment atmosphere to reduce leak-
age from the containment to the environment and pre-
vent oOverpressure rupture of the containment, and
(2) removing radiocactive materials from the con-
tainment atmosphere so that only small amounts would
be released to the environment. , Both of these
functions reduce the probability of large releases
‘ of radiocactivity to the environment.

e. Auxiliary Feedwater System

The auxiliary feedwater system (AFPWS) is designed to
provide an alternate means of providing water to the
secondary side of the steam generators in the event
of a loss of main feedwater supply. This backup
system provides redundancy in the important acci-
dent prevention function of removing heat from the
reactor coolant system and, in turn, from the
reactor fuel. The system consists of two redundant,
safety-related essential trains and one nonessen-
tial (startup) train, all of which supply water to
all four steam generators. Redundant power supplies
are also provided, and the pumps start automatically
in transient or accident situations. This system
a has been shown tc be important in many PRA studies,

’ and the Byron design has benefited from the know-

ledge gained in these earlier studies.
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Items (a) through (e) above do not constitute an all-in-
clusive list. Many other compcnents and systems could be
added, including post-TMI modifications such as the safe-
ty parameler display svstem, reactor vessel head vent
syster, core sz2turatior monitors, reactor vessel water
level indication, improved accident monitoring instru-
mentation and dedicated emergency response facilities.
Many Of “he post-TMI modifications are directed toward
improving the cognitive. rec tion of the operators, i.e.
assisting the opezatof} in correctly diagnosing the
condition of the plant. The precise value of these
cognitive aids is difficult to quantify in terms of risk
reduction, but they are being incorporated and will
assist in providing protection against both design basis
accidents and more severe zccidents.

Based on the foregoing discussion I conclude that it is incor-

rect to assert, as in Contention 62, that the Byron Station

design does not provide protection against severe accidents.

Incremental Risk from Byron Station

DA.RE/SAFE Contention 2(A) contends that, witn the addition of
two more nuclear power units {n operation at Byron, the poten-
tial for cumulative dose effects from discrete accident events
at plants in Northern Illinois poses an unreasonable level of
risk to the health and safety of DeRalb-Sycamore and Rockford

area residente.

Risk is composed cf two component parts, the probability of an
occurrence and its consequences. Consequences are probably
conservatively estimated by present techniques, as discussed



earlier. Most of the plant-specific PRA evaluations that I
have seen to.date indicate that the probabilities of core melt
accidents at nuclear plants are small, generally on the order
of one in ten thousand per reactor-year. Further, few core
melts are estimated to result in off-site health effects.

Important factors affecting the public risks from nuclear
power plant accidents are the distances from the plant to pop-
ulation centers. 1In terms of distance, Rockford is located
about fifteen miles from the Byron Station, and sixty miles or
more from the 2Zion Statiop, the next nearest plant to
Rockford. DeKalb and Sycamore are about thirty miles from the
Byron Station, and forty miles or more from the Dresden and
LaSalle plants, which are about egqually distant from these
communities.

In considering the possibility of increased risks to the
residents of the Rockford and DeKalb-Sycamore areas, one
shoull examine the two principal health effects that might
occur as a result of nulcear plant accidents. These are early
fatalities and latent cancer fatalities.

PRA evaluations have shown that the accident risk of early
fatality to people living at distances of fifteen miles or
more from a nuclear plant is exceedingly small. Thus there
wild be no coupling ¢ early fatality risks from multiple
plants to the localities being discussed here.

With regard to latent cancer fatality risks, typical estimates

from PRA studies show that the probability that an individual
will die from cancer as a result of radiation exposure from
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very severe nuclear power plant accidents is negligibly small
compared to the probability of dying from cancer contracted
from other sources. The average probability of cancer fatal-
ity per year per individual in the United States is about one
in five hundred. NUS estimates indicate that the chance of a
person dying from reactor accident caused cancer in the region
ten to twenty miles from the 'reactor is about one chance in a
billion per year. .

An examination of these probabilities shows that the naturally
occurring cancer risk is on the order of two million times
larger than the cancer risk from nuclear plant accidents at
the distances of interest. It is therefore inconsegquential to
an individual's cancer fatality risk wnether he resides at the
distances of interest from one or several nuclear power

plants.

In a September 10, 1982 Memorandum and O:dc:ilz). this Board
referred to an NRC report, NUREG/CR-2(97(13), commonly known
as the precursor report. The precursor report presents an
estimate ‘of the fregquency of severe core damage based on
accident precursor events identified from Licensee Event
Reports (LERs). One of the events, the accident at Three Mile
Island, did indeed lead to core damage, and since during the
time period covered by the report there were 432 years of
domestic reactor operation, the frequency of core damage from
this type of event was estimated as 1/432 per reactor-year, Or

about 2 X 1073,

The impact of the precursor events identified in the LERs on
the predicted frequency of occurence of severely damaged cores



was analyzed by means of event trees to identify the possible
accident sequences that ligbt‘occut given that event. The
conditional probability of "severe core damage" was then cal-
culated by associating the LER frequency with the probabil-
ities of failure of the remaining mitigating functions that
could prevent core melt. These probabilities of failure were
obtained either from LERs, from PRAS, or from other published
documents. The important point, however, is that the precur-
sor report used generic numbers that were fed into generic
event trees. Thus no account is taken of the particular
Plants to which the very infrequent pPrecursor events apply or
of the specific event trees and the specific system failure
probabilities that would be applicable to that particular
plant. The generic approach used in the precursor report will
almost certainly yield predicted failure probabilities that

are too high.

The recently released Institute of Nuclear Power Operations
(INPO) analysis(l‘) of the precursor report is properly
directed to the specific planrts where the precursor events
occurred. This INPO report found that when the actual
detailed plant configurations are taken into account,
generally lower core damage probabilities are obtained, often
by factors of 1/10 to 1/1000. The core damage probability
estimates in the precursor report, not including the TMI-2
accident, average about 30 times higher than the INPO esti-
mates. These Jdifferences are due principally to the simpli-
fied models and simplified assumptions used in the precursor

report.

While the idea of using precursor events as data to help im-
prove the predicted probabilities of accident seguences is



conceptually interesting, it appears to have been misused in
the precarsor report. If this type of analysis is to be done,
it mustc be done in such a way that the precursor event is
analyzed using event trees and system failure data that arce
applicable to the plant at which the precursor event occurred.
Anything less than this leads to ill-defined and murky re-
sults. It is my judgement that the INPO estimates of severe
core damage probabilities are technically superior to those of
the precursor report, and generally in agreement with earlier
studies.

Conclusions

As a result of the examination I have made of Contention 8, 62
and 2A, I conclude that they raise issues which are either in- .
correct or have no significant impact on the validity of
Commonwealth.Edison's or the NRC's approach to the safety of
the Byron Station.

In regard to Contention 8, the principal points raised are
that the NRC regulates nuclear power plant safety on the
validity of the basic conclusions in WASE-1400 and that the
NRC has withdrawn its endorsement of WASH-1400, thus leaving
no technical basis for concluding that the "risk is low enough
to justify operation of Byron.® As stated in Secticn 3 of

'this testimony, the NRC has not and does not license the safe-

ty of reactors based on the conclusions of WASH-1400 or of any
other PRA but on the basis of its regulations and the deter-
ministic licensing process. Nor, as discussed in Section 6 of
this testimony, has the NRC withdrawn its endorsement of WASH-
1400, but in fact supports the use of PRA methodology for
appropriate purposes and has instructed the staff to use these
methods in estimating public risk from reactor accidents as
part of NRC's final environmental statenents for reactors.
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In regard to Contention 62, as noted in Section 7 of this
testimony, the Byron Station design does incorporate design
features that provide substantial protection against severe
(so called Class 9) accidents. These design features reduce
the probabilities and significantly mitigate the conseguences

of severe accidents.

In regard to Contention 2A, the incremental risk from acci-
dents at Byron Station to the residents of the Rockford and
DeRalb-Sycamore areas is estimated to be exceedingly small.
The ®"precursor report,"* uhiéh estimates higher probabilities
of severe core damage accidents than had previously been esti-
mated, is flawed and its probability estimates are too high.

This concludes my prepared testimony.
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ADDENDUM

Recommendations from NUREG/CR-0400,

"Risk

Assessment Review

Group Report to the U. S. Nuclear Regulatory Commission,®

September 1978



RECOMMENDATIONS

Re-evaluate. NRC's inspect.on and gquality assurance sys-
tem and licensing criteria to determine the extent to
which they incorporate those things that have been
learned from WASE-1400 and other relevant literature.

Use WASH-1400 probabilistic methodology more effectively
to guide the reactor safety research program so as to re-
duce the uncertainties in analysis, and to gain greater
understanding of those points of risk uncovered.

Wwhere there is an inadequate data base, the methodology
of WASHE-1400 can still b2 used to uncover the topology of
accident seqguences. In such cases the limits of know-
ledge should be stated, without pressure to quantify
(other than bounding) that which is unquantifiable.

Communicate to the relevant branches of Government (e.g,
Department of Energy) the desirability of perforaming risk
assessments on electric generating technologies alter-
native to light-water reactors.

In general, avoid use of the probabilistic risk analysis
methodology for the determination of absolute risk proba-
bilities for subsystems unless an adequate data base
exists and it is possible to quantify the uncertainties.
However, the methodology can also be used for cases in
which the data base will only support a bounding
analysis, and for other cases in the absence of any
better information if the results are properly qualified.

Fault-tree/event-tree analyses should be among the prin-
cipal means used to deal with generic safety issues, to
formulate new regulatory reguirements, to assess and
revalidate existing regulatory regquirements, and to
evaluate new designs.

A-2



°

NRC should encourage closer c¢oordination among the
research and probabilistic analysis staff and the licens-
ing and regqulatory staff, in order to promote the effec-
tive use of these technigques.

The consequence model used in WASE-1400 should be
substantially improved, and its sensitivities explored,
before it is used in the regulatory process.
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MR. GALLO: The witness is available for cross
examination.

MR. THOMAS: At this time, your Honor, I would
ask leave to file on behalf of the League a cross
examination plan with respect to Mr. Levine.

May I proceed, your Honor?
JUDGE SMITH: Yes.
CROSS-EXAMINATION ON BEHALF OF INTERVENOR
ROCKFORD LEAGUE OF WOMEN VOTERS
BY MR. THOMAS
Mr. Levine, when were you contacted by Commonwealth Edison
with regard to serving as a consultant in this proceeding?
I can't recall the exact date, but two or three months
ago.
Prior to that time did you have any familiarity with the
Byron Nuclear Power Station?
No; only in the sense that it was a large light water
reactor.
Do you remember who made the contact with you?
I believe it was Mr. Gallo.
Okay. What were you asked to do?
I was told that there were three contentions that they
would like me to testify about and would I be willing to

do that.

Did you discuss at that time the nature of your testimony?
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Not in any specificity.

I read the contentions and I gave forth some ideas
about these contentions.
All right. At that time did you discuss financial
arrangements for your serving as a consultant?
No.

MR. GALLO: Objection == I will withdraw the
objection. The witness has answered the question.

MK. THOMAS: Well, I am going to get to that
issue, if you want to ==

MR. GALLO: I would object to any further
questions about the financial arrangements between Mr.
Levine and Commonwealth Edison. They are irrelevant to
this proceeding.

JUDGE SMITH: Well, I would say that the
specifics of the amount would be irrelevant, but the fact
that he is a paid witness, paid to testify on behalf of
the utility =--

MR. GALLO: I will stipulate to that.

JUDGE SMITH: =~ which is fairly inferazble from
his presence, is relevant.

MR. GALLO: I will stipulate, your Honor, that
he is a paid witness.

MR. THOMAS: Judge, I think that the specifics

of the financial arrangements are relevant.
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JUDGE SMITH: You mean the exact amount of

money?

MR. THOMAS: Or an hourly rate or whatever the
financial arrangements are.

Certainly, certainly, that is a common subject of
bias in any type of proceeding; and I don't think that the
bias here is any less than it would be in any other type
of proceeding.

JUDGE SMITH: I think that you can fairly
inquire into non-monetary terms of his contract that might
indicate bias and you can establish that the amount that
he is being paid, if such be the case, is consistent with
a man of his professional attainments and whatever; but
the record does not necessarily have to know the exact
dollars and cents of his compensation.

I might say, frankly, Mr. Thomas, that I have not
had this exact situation arise in a licensing-type
proceeding, so I am sort of going by the seat of my pants
on it, I will admit; but I still do not see why this
record requires that we know the exact dollars and cents
of his compensation.

I think you can establish that it's unsubstantial or
insubstantial or traditional or consistent.

MR. THOMAS: I have nc way of doing that without

knowing the amount.
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I would just say, your Honor, that the larger the
compensation, the more inference of bias that would arise
from the nature of the consulting contract. That would
certainly -- that would be my argument.

JUDGE SMITH: The inference is that if the
ccmpensation rises to such a magnitude, that the person
would be induced to testify contrary to truth?

Mk, THOMAS: Well, would be induced to testify =<
let's say, to resolve doubts in favor of the party who is
paying him a very large fee.

I certainly don't think that is beyond the ken of
human experience.

JUDGE SMITH: Do you intend to establish,
through any witness other than Mr. Levine, what is a very

large fee?

What is the amount that would require =-- that would
overtip the balance over to bias?

I mean, this Board is not expert on it, as you might
well guess, being federal employees.

MR. THOMAS: Well, having no idea what the
amount is, I haven't given any consideration to a witness
on that subject at all.

MR. GALLO: Judge Smith, may I be heard?

JUDGE SMITH: Certainly.

MR. GALLO: It seems to me that consultants in

SONNTAG REPORTING SERVICE, LTD.
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all forums of litigation are paid for their services.
Some are not, but most are. It is routine for these
consultants to be paid.

The mere establishment of the amount of the payment
doesn't establish bias whatscever. Indeed, counsel has to
go further and point out, as I think you have, that the
figure is out of bounds or extremely high in comparison to
what other consultants are paid. He is not prepared to do
that.

I think the inquiry is largely irrelevant; and if
there is bias here and he wants to establish it, there are
other means to attempt to do that other than to simply
inquire into the compensation paid to this witness.

I think fundamentally there is a problem with the
presumption, as counsel is asserting in his argument, that
simply because a witness is paid, he is biased. I think
that's not true at all.

MR. THOMAS: Well, we could argue about that all
day.

JUDGE SMITH: Wny don't you establish whatever
you choose to establish, in nonspecific terms, the basis
for his payment, is it hourly, is it lump sum or that type
of thing; but just do not require the specification of the

dollars and cents.

You ask him if he knows if it's consistent with what
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the general consulting business in his field is paid, if
you wish.
You don't have to go into the decllars and cents.

MR. THOMAS: But ==~

JUDGE SMITH: Well, the Board agrees that my
previous discussion will obtain.

MR. THOMAS: Okay. Just so the record is clear,
you are sustaining the objection to that question, to the
question pending?

JUDGE SMITH: It's a soft sustaining. We are
giving you some latitude here.

MR. THOMAS: Well, all right. But as to the
specific dollar figure, you are sustaining the objection?

JUDGE SMITH: Yes, yes.

BY MR. THOMAS:

¢

Were the terms of the compensation set during your initial
conversation with Mr. Gallo?
I don't believe there was any discussion of that in the
initial discussions.
I take it at some point since that time they have been
set?
I was not involved in that.

We have a standard rate sheet for people employed at
NUS, and that rate sheet was used in establishing the

financial arrangement.
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If you weren't involved, how do you know that that is the
case?
Because my assistant, Fred Stetson, told me he made the
arrangements with Mr. Gallo.
Is that standard sheet based on an hourly rate?
Yes.
And is there a different hourly rate for your testimony
here as opposed to time spent outside the hearing itself?
No, there is not.
How many hours have you expended to date in preparation
for your testimony here?
I have not kept track of that.

I would suspect it's in the neighborhood of 10 to 20
days, but I am just guessing.
Have you billed Commonwealth Edison or the Applicant at
all yet or whatever person you are going to bill for your
testimony?
I assume my company has, yes.
But you don't know for sure?
I don't know.
Is that the practice of your company, to bill as you go
along?
Yes.
Do you know whether any payment has been received yet on

those bills?
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I do not.

Have you ever consulted before for Commonwealth Edison?
Yes, I believe so.

Approximately how many times?

Well, I think once.

In what connection did that take place?

In the -- there was a peer review group or a peer review
Bcard hired by the combination of Commonwealth Edison,
Consolidated Edison and PASNY, to aid in the review of the
Zion and Indian Point PRA's.

Can you tell me approximately when that was, roughly?

One to two years ago.

As best you can remember, that's the only prior time that
you consulted with Edison?

That is the only time.

Since your initial contact regardirng this matter, what
have you done with regard to Byron specifically to prepare
for your testimony?

I “Yave read the contentions. I have read applicable
portions of the final environmental statement. I have
read the applicable portions of the NRC Safety Evaluation
Report. I have read some other docurnients. I refreshed my
memory about the Lewis Report; and mostly I spent most of
my time writing my testimony and having meetings with

regard to the testimony.
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Meetings with whom?

W:th counsel for Commonwealth Edison and technical people
with Commonwealth Edison.
Can you indicate what technical people you are referring
to?
George Klcpp.
What is his area?
He == I don't know his exact title; but he is responsible
for PRA's within Commonwealth Edison.
For the record, is that K=l-o0-p-p?
Yes.
Have you met with anybody eise from Edison?
There may have been other people at some of the meetings,
but I don't recall who they were.
Okay. Have you ever visited Byron?
No, I have not.
Have you == you say you have read the applicable pcrtionn
of the SER and the EIS.
I take it, then, yocu haven't read the entire =--
those entire documents?
That's correct.
Have you ever read the FFAR?
No, I have not.
Have you ever read the FES?

MR. GALLO: Clarification on FES.

SONNTAG REPORTING SERVICE, LTD.




O W 00 N O U o E W N -

(1Y) n 14%] n n -bd - ik b a b =l S b ol
= w n — o O o = o wn &= w n —

n
wm

You mean final environmental statement?

MR. THOMAS: Yes.

1640

MR. GALLO: I object to the statement., He has

answered that he has.

A Yes.

JUDGE COLE: I believe he said he read the

applicable parts of the FES.

A (Continuing.) Yes.

MR. THOMAS: Right.

JUDGE COLE: Do you mean the environmental

report, sir, Mr. Thomas?

MR. THOMAS: I mean the final environmental

statement.

JUDGE COLE: The NRC Staff's statement?
MR. THOMAS: Right.
JUDGE SMITH: Now, he hasn't answered the

question.

It is not the same question.

MR. THOMAS: I didn't think it was, either.

JUDGE SMITH: So your objection is overruled.

A (Continuing.) I have read applicable portions of the FES.

BY MR. THOMAS:
Q I take it that you or -~ strike that.
Have you done a PRA regarding Byron?

A No, I have not.
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Have you made any structural analysis of the Byron

containment?

No, I have not.

Have you analyzed the Byron control room design?

No, I have not.

Have you read or analyzed -- strike that.

No.

Have you read the Byron operating procedures?

Have you done any studies

Byron?

No.

Have you read any studies

By: 'n?

No.

Have you®done any studies

concerning Byron?

No.

Have you read any studies

No.

Now, in your testimony you indicate that, well, from 1962

regarding external everts at

regarding external events at

regarding emergency planning

on that subject?

through the end of 1979, you were with the AEC and the

NRC;
Well,

is that correct?

in those dates I would have been with the AEC,

because the NRC did not exist until 1975.

You say through the end of 1979?
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Oh, that's right; '79, yes, that's correct.

Okay. And during those years you held a variety of
positions, one of which was Project Staff Director for the
Reactor Safety Study WASH-14007?

Yes,

Now, since that is involved in your testimony, exactly
what were your duties as Project Staff Director for the
Reactor Safety Study?

The Reactor Safety Study was directed by Professor
Rasmussen from MIT, who worked half-time at the AEC, NRC,
during the course of when the study was done.

I was the full-time AEC employee to keep the work
going and make technical contributions, to direct the
staff, to have discussions with Rasmussen about how the
study should be performed and so forth.

Okay. Then would it be fair to describe you as the -- at
least the in-house project director of that report?
That's a fair statement, yes ==

Okay.

-= although, I woula say that there is a very close
intellectual cooperation between myself and Rasmussen.
Yes. I was not trying to exclude him. I was just trying
to understand your role.

Okay.

When were you appointed Project Staff Director,
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approximately, to the best of your recollection?

About September of 1972.

And how long did you serve as Project Staff Director for
the Reactor Safety Study?

Until the final report was published in October of 1975.
Can you give me a rough estimate of the amount of your
time that you spent on the Reactor Safety Study during
that approximately three-year period?

Except for a brief period of several months -- I don't
recall exactly how long -- when I was helping Dr. Kautz
establish the Reactor Safety Research Division in the AEC,
I would say I spent an average of 18 hours a day during
that whole time period.

Okiy. So I take it that would be 100 percent of your time
other than --

Yes.

All right. Now, I take it, from what the Board indicated,
that you still serve the NRC as a consultant in some
capacities, if that would be the correct =--

I have a small consulting contract with the Director of
the Office of Policy Evaluation of the NRC.

Was it pursuant to that contract that, for example, you
talk with or that you lecture people, hearing officers,
with regard to probability studies, for example?

No. Those lectures were given when I was in the NRC.
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Oh, all right.

Can you indicate, just roughly, what the nature of
your consulting contract is with the NRC?

Principally, I have given advice to the head of OPE c¢n
safety gecals, matters affecting safety goals.
And approximately how much of your time does that contract
involve?

JUDGE SMITH: Now, you know, there is an unusual
problem present here.

There is no guthorized representative of the Office
of Policy Evaluation present.

It's not the Staff's responsibility to represent
them in this hearing. To the contrary, they aré
specifically divided.

OPE participates in a decision-writing process for
the Commissioners themselves.

They are entitled to confidentiality in that
function.

I don't kncw how far you are going to go along that
line ==

MR. THOMAS: Well, I ==

JUDGE SMITH: -~ but this is par=t of the
decision-making process ==

MR. THOMAS: Yes.

JUDGE SMITH: == part cf it.
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Part of it is policy process, which is not protected
necessarily; but be sensitive tvo that.

The Commissioners are entitled to absolute
confidentiality in the inputs in their adjudicative
decisions, including their consultants.

So I am not going to permit this line of
questioning, other than -- well ==

MR. THOMAS: Well, I --

JUDGE SMITH: I am not going to permit it;
that's the rulirng.

MR. THOMAS: I didn't == you know, I didn't =~ I
don't mean to get into confidential consideratisns.

JUDGE SMITH: I realize that.

MR. THOMAS: I am just trying to, you know, put
in the record whatever connections this witness might have
to the NRC. That was my only --

JUDGE SMITH: What is the nature cof your
consulting with OPE? Do you assist them in the drafting
of adjudicative decisions?

THE WITNESS: No, no. I simply gave them
technical advice. I did not -- on safety goals. I did
not draft anything for them. --

JUDGE SMITH: Okay. Those safety goals have
been published in draft form now.

Okay. Well, how far do you expect to go?
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MR. THOMAS: Well, I -- that's probably as far
as I will go.
I just basically wanted to see waat the nature of
the relationship was. That's all.
JUDGE SMITH: All right.

BY MR. THOMAS:

Q

Do you have any other contracts or any other association
with the NRC itself?

I just recalled that I gave some lectures to the NRC Staff
on probabilistic risk assessment, and in that connection I
was a subcontractor to J. B. Fussle Associates. I gave a
series of == I don't recall the exact number -- perhaps
four or five such lectures.

Can you tell us roughly the time period?

Over the past 18 -- starting 18 months ago to six months
ago, something like that.

Is that a continuing contract?

No. It's over.

What about the consulting contract that you referred to
earlier with OPE?

It's still in force, but it's inactive. I am not doing
any current work.

MR. THOMAS: A moment, please, your Honor.

BY MR. THOMAS:

Q

Now == excuse me a moment.
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address his questions to the Board and the Board ought to
decide whether or not the witness ought to answer the
questions.

MR. RAWSON: I agree, Judge.

I was only trying to assist the record.

JUDGE SMITH: So there is nothing for us to rule
on.

MR. GALLO: I was thinking in the future, your

Honor.

BY MR. THOMAS:

<

Above that -- in the paragraph prior to that statement, it
indicates that the logic structures described above permit
consid2ration of, and then you have, "internal plant
failures, pren, equipment failures, human errors in
testing."

With regard to that reference to human errors in
testing, does that include the assessment of errors in
QA/QC during construction?

No. This is meant to include operational testing: testing
systems and components during operation of the plant.

Not during the construction stage?

Not during construction.

Now, directing your attention to Page 7 and the first
paragraph on Page 7, is it correct to say that the

uncertainties that are associated with the estimates of
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public risk at Byron have not been quantified?
I guess the answer to that question is yes and no.

There has not been a full PRA done for the Byron
plant.

The FES, on the other hand, has made a general
estimate of public risks from the plant that I think
represents a reasonable approach and has yielded
conservative estimates of those risks.

Is that general estimate in quantitative terms, in your
opinion?

In the FES it is, yes.

And what is that general estimate based on?

It's based on using a radioactive source term that has
been established generically by the NRC to represent
releases that might occur from large power reactors and
then the use of a consequence model, using site specific
meteorology and population distributions, to calculate
public consequences.

Now, when you speak of the NRC deterministic process, for
example, at Page 4, the last paragraph on Page 4, you
indicate that it's called deterministic, in your opinion,
because it is not probabilistic in nature; is that
correct?

Yes.

You also indicate that == I believe that it rests on
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qualitative engineering judgment as opposed to
quantitative probabilistic estimates; is that right?
That's principally correct, yes.
I take it, by "qualitative engineering judgment," you are
talking, basically, about engineering opinion; is that
correct?
Yes.
Again, that is opposed to mathematical quantitative
probabilistic assessments; is that correct?
That's correct.
Now, on Page 8 you indicate, "It has also been
demonstrated that the Reactor Safety Study has predicted
essentially correctly events that have occurred, such as
the accident at Three Mile Island 2.

What was the probability prediction for the TMI 2
accident?
This statement means that the consequences -~ the public
health consequences =-- that occurred at Three Mile Island,
which were very small, were essentially within the scope
of predictions of WASH-1400 as far as consequences are
concerned; and that the probability of such consequences
in WASH-1400 were somewhere between 1 chance in 400 -- and

I am going on memory now, So these numbers may not be

exact.

I understand.
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== 1 chance in 400 to 1 chance in 40,000 per reactor year;
and the measured frequency of that 1 event at Three Mile
Island was 1 chance in 4,000 per year; but we did not
analyze that explicit sequence -~ that explicit accident
sequence in WASH-1400, because we did not analyze a B&W
reactor. We analyzed Westinghouse and GE reactors.

Well, I == I don't mean to interrupt. Go ahead.

That's all I was going to say.

Are you finished?

Yes.

Are you drawing a distinction between the consequences and
the occurrence itself?

Not the occurrence of the consequences, but the --

I mean the occurrence of the events.

-~ the series of events was not predicted in WASH-1400,
because it studied a Westinghouse reactor, which could not
have had that sequence of events happening in that way.
Okay.

Now, we studied a similar sequence. There was a similar
sequeice in WASH=-1400, but of much lower probability
because of the difference in design of the reactors.

With regard to the TMI 2 consequence, which, I think, you
described as very small, upon what do sou base that
opinion?

There were studies performed by the EP -- by an EPA-NRC
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group == I think it was called a task force, but I am not
sure, and I think it's referred to in the Staff FES, which
predicted somewhere in the neighborhood of a2 few thousand
person rem as being the consequence of that accident

So you are basing that opinion on that study?

Yes.

Were you involved in that study at all?

No, but some of the people who worked for me were.

Okay. Have you been personally involved in any study of
the consequences of the TMI 2 accident?

You mean public health effects?

Yes.

No, I have not.

With regard to the study which you spoke of, are you aware
of problems with monitoring the consequences of the TMI 2
accident?

Well, as in all measurements, you never have all the data
you would like to have; but my understanding is that the
conclusions of that study were supported by whatever data
was available.

Do you know how many monitors were in place at TMI 2 at
the time of the accident?

No, I don't.

Are you aware of how many monitors are in place now at

that location?
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No, I am not.

Now, you, on Page 9 of your testimony, discuss -- also

discuss -~ the Reactor Safety Study and then also the
review group, the Lewis Committee Report.

Are you familiar with the Sandia study?
Well, there are hundreds, thousands of Sandia studies.
I am talking about the Sandia study with regard to core
melt accidents.
Are you talking about the recent Sandia study =--

Yes.

-= which was called the siting study, which predicted very

large consequences?

Yes.

I am familiar with only a certain part of that study.
Which part are you familiar with?

I am familiar with the part that resulted in the
predictions of those very high consequences and the way in
which those predictions were made.

Are you aware of the conclusion that the risk of a Class 9
accident was 1 in 100,0007

That wouldn't surprise me. That's about the right number.
Do you know what sites were analyzed in the Sandia study?
I think they looked at a large number of sites in the
country, perhaps all of them; but I am not sure of the

exact number.
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Do you know il the Byron station or site is similar to any
of the reactors used in the Sandia study?

I don't know.

Do you know what the range of probabilities of Class 9
accidents were in the Sandia study?

I think they went down as low as numbers of ten to the
minus eight to ten to the minus nine per year.

Do you know if that, the range of probabilities in the
Sandia stuay, was higher than the one in the WASH-14007
It's in the same range.

In your opinion, doesn't the Sandia study, by comparison
to the WASH-1400, demonstrate that a generic PRA is not
valid to assess the risk at a particular site?

I would answer no; but I would like to qualify it by
saying that you have to be sure, in making generic studies
of that type, that they are close enough to being
representative that they are not misleading and that they
cannot give as precise results as if you did a PRA on a
specific plant.

Okay. Now, when you state "gene-ic studies of this type,"
were you referring to the 14007

No. I am talking about Sandia, the Sandia study.

How would you describe the WASH-14007?

The WASH-1400 analysis looked at two reactors, one PWR and

one BWR, and did, essentially, a full PRA on all the
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engineering detail involved of those two reactors,
predicted the probability of core melt, predicted the
probability of containmen%t failure and the various ways in
which the containment would fail, analyzed the physical
processes involved with molten fuel, analyzed the release
of transport efficient products into the environment and tH
distribution in the environment, health effects.

All right. I wasn't asking ==

That is a specific PRA as opposed to a generic PRA.
Specific to an actual site or a composite site?

Two actual reactors; but since our charter was to estimate
the risks from the nuclear industry, we generated a
composite site from all the sites in the country, 68
sites.

Would you agree that it's fair to describe your testimony
here as basically generic testimony?

I don't understand what that means.

Well, it's not really Byron specify, is it?

I think it's specify to the contentions.

It's basically an explanation of the NRC process and why
you believe it's deterministic as opposed to probabilistic
in nature, don't you think?

I think it covers that, but it covers much more than that.
Now, is it true that the Lewis Committee Report on

WASH-1400 found errors in the analysis of liquid pathways;
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specifically river site accidents?
I guess I don't recall that.

The two reactors we analyzed were both on rivers.
We did analyze liquid pathways.

I don't recall that Lewis found anything wrong with
that; but I am not sure.
Are you aware that in this matter of Byron a March, 1983,
letter from Com Ed to the NRC indicates that the -- that
‘‘here is an error in the FSAR regarding the ungrouted rock
transmicity values?
No, I am not aware of that.
On Pages 16 and 17 =-- this is related to what we were just
talking about -~ you say that in reaching a judgment on
the adequacy of the Class 9 accident calculations reported
in the Byron FES, you considered the following, and you
list a number of considerations there; is that right?
Yes.
As part of your evaluation, did you consider the adequacy
of the methods employed in the FES in relation to the
liquid pathways release to the environment?
Not as carefully as I did those to atmospheric dispersion,
because my general understanding from work I have done and
work of others is that the liquid pathways contribute very
little to public risk compared to the atmospheric

dispersion and that's the conclusion reached by the FES
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also.

Do you know what the conclusion in that regard is with
regard to the Sandia Study?

Sandia Siting Study?

Yes.

No, I do not.

Okay. What -- when you s2y not as much, to what extent
did you consider the liquid pathways release?

Well, I read it casually, to see what conclusion they
grrived at; and they arrived at a conclusion, confirming
conclusions in WASH-1400 and other studies I have seen of
that type.

But you are not aware at the present time recalculations
are going on with regard to that subject?

Recalculations of what by whom? I don't really understand
the question.

Referring again to the transmissivity values of the
ungrouted rock.

MR. GALLO: Objection. The witness has
testified that he is not aware of the letter referred to
by counsel. Therefore, he has no basis upon which to
answer that question.

JUDGE SMITH: Do you wish to be heard on the
objection, Mr. Thomas?

MR. THOMAS: No.
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JUDGE SMITH: Sustained.
MR. THOMAS: I will withdraw the question.

BY MR. THOMAS:

~

All right. If at Byron there is an error in the FSAR on
liquid pathways, what effect would this have on the FES
conclusions regarding accident probabilities?

MR. GALLO: Objection. The question is vague.
It seems to me that the witness has testified he is
unaware of this error. Necessarily, the question if it's
going to inquire into this further has to inform the
witness of the area of the FSAR that he is inquiring
about.

Indeed, he could give him a copy of the letter, upon
which he could inform himself and then intelligent
questioning and answering could follow.

The question is vague.

MR. THOMAS: I have no objection to tendering a
copy of the letter to the witness, although -- well, I
have no objection to doing that.

JUDGE SMITH: I can see the difficulty is going
to be that you are going to have rather an unanalyzed
event -~ I mean circumstance, which, I assume, will later
be clarified for our reccrd; but you are going to ask him
now to make testimony based upon a2 hypothetical.

MRS. JOHNSON: (Indicating.)
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You are indicating no, Mrs. Johnson. All right.
Just go ahead and see what happens.
MR. THOMAS: Let me see if I can put a more
specific question based on the admittedly somewhat sketchy

information that we have at this time.

BY MR. THOMAS:

-

For the record, you do have a copy in front of you of a
March 11, 1983, letter from a T. R. Tramm of Commonwealth
Edison to Harold Denton?

Yes, I do.

Do you see in that letter in the second paragraph where
Mr. Tramm indicates that there are -- that there is an
error in the Byron Braidwood FSAR?

Yes, I do.

And he further indicates that the ungrouted rock
transmissivity values should be an order of magnitude
higher?

Yes.

Now, from that information, from the statement that they
should be an order of magnitude higher, can you draw any
consequences at this time with regard to the adequacy of
the Class 9 accident calculations reported in the Byron
FES?

No, I cannot.

JUDGE SMITH: Did you intend to say, "can you
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draw any consequences?"
MR. THOMAS: Any conclusions, I meant.

(Continuing.) No, I cannot.

BY MR. THOMAS:

Q

A

Is the reason that this transmissivity should be an order
higher an inadequacy in the data base?

MR. GALLO: Objection.
I am not sure how this is.

JUDGE SMITH: Dr. Levine, there was an

objection.

MR. THOMAS: Yes, I withdraw the question.
JUDGE SMITH: Nevertheless, I would like to hear
the question.
Would you read it back, Mr. Sonntag.
(The question was thereupon read by the
Reporter.)
JUDGE SMITH: Do you understand the question?
THE WITNESS: I assumed the question -- when I
answered the question, I assumed that it meant that: was
this change in transmicity due to the fact that there was
some inadequacy in the data to support it; and I said I
don't know.
JUDGE SMITH: 1Is everyone happy with the
question and the answer? I myself have lost track.

JUDGE COLE: 1Is the word transmissivity?
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MR. THOMAS: Transmissivity.
THE WITNESS: I am sorry. I misspoke.

BY MR. THOMAS:

~

Assuming for the purposes of this question that the
transmissivity values are -- excuse me -- transmissivity
values are an order of magnitude higher, do you have an
opinion as to whether the results predicted in the FES
with respect to the possibility of liquid releases are
still accurate?

MR. CALLO: Objection. The question is vague.
It has not been established on the reccrd just what the
values are that the order of magnitude ought to be
compared to.

Therefore, the witness can't possibly onswer the
question.

JUDGE SMITH: Well, now, as I understand the
question, it's a hypothetical.

MR. THOMAS: Right.

JUDGE SMITH: And the weight -- I mean the
evidentiary value of the answer will depend upon the
accuracy of the hypothetical.

I don't know how he can do any better, given the
state of the evidence as it is today.

MR. GALLO: Even as a hypothetical question,

your Honor, the question is cefective, because it asks in
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a hypothetical sense to draw a judgment or a conclusion
based on an order of magnitude relation to an unnamed
numerical value. I don't know how the witness can
possibly draw such a comparison.

JUDGE SMITH: I guess -- I think we better have

the question back. Would you read it back, Mr. Sonntag.

(The question was thereupon read by the
Reporter.)
MR. GALLO: An order of magnitude higher than
what, your Honor? That's my objection tc the question.
JUDGE SMITH: What did the author of the letter
intend, is that what we are predicating the hypothesis on?
MR. THOMAS: Yes. Well, let me ask you this.

BY MR. THOMAS:

Q

Do you know what ==
JUDGE SMITH: Withdraw that?
MR. THOMAS: Yes, I will withdraw that.

BY MR. THOMAS:

Q

Do you know what the transmissivity values are in the
FSAR?
No.
With regard to the previous question, can you answer that
as to whether you have an opinion on that subject?

MR. GALLO: Objection. He is repeating the same

question in another form and it's equally objectionable.
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MR. THOMAS: I am repeating it but the question
just asks if he has an opinion. If, in fact, what Mr.
Gallo has put on the record here is the case, I am sure
the witness can answer that.

MR. GALLO: Counsel is attempting to get his
question asserted despite its legal deficiency on the plea
that the witness maybe has an opinion on it nevertheless.
That's not how Jjurisprudence works.

JUDGE COLE: Mr. Thomas, let me ask a question
and see if it gets at what you are trying to get to.

MR. THOMAS: Sure, all right.

BOARD EXAMINATION

BY JUDGE COLE:

Dr. Levine, you looked at the estimates for liquid
releases in the FES?

I said I looked at them only casually.

All right, sir.

If the transmissivity values upon which liquid were
at least partially based were increased by an order of
magnitude, could that or would that change your estimate
or evaluation of the impact of the liquid releases?

I don't know without knowing the values and making an
analysis.

It would certainly make the radiocactivity move

faster in the ground but faster might still be very slow.
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Just don't Know how to answer t
All right, sir.

But if anything would it constitute an increase or a
decrease in the impact if It were to move faster through
the s0il?

It would mean the radioactivity would get to water bodies
faster than it might Otherwise get there,

And {s that geénerally assocjiated --

Unless there was SOome intervention taken to Stop it.

All right, sir,.

So in general is increased transmissiv;ty as
With -« would that then be aSsSociated with pPossible
incidences of higher doses to People if it were to lead to
anything?

It's Potentially Possible; but I would not agree that it
would lead to those doses.
All right., I think we are talking about the same thing,

Yes.

If it travels faster through the media, it gets to danger

points qQuicker, wouldn't it?

right. Thank you,

BOARD EXAMINATION
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amount of radioactivity, the speed with which it would
travel would not change the total amount or the total
doses unless you depend upon the decay during the
transmission?
There would be less decay, but there still might be
adequate absorption in the rock to prevent it moving very
fast, less fast than the water in the aquifer might. It's
a fairly complicated situation.

BOARD EXAMINATION

BY JUDGE COLE:

Sir, do you know what the substrata is in the Byron area?
No, I do not.
All right, sir.

In limestone or limestone-like dolomitic areas, are
you familiar with some range of transmissivity values that
might be associated with limestone or dolomitic areas?

No, I am not. This is way outside my field of expertise.

JUDGE COLE: All right, sir. Thank you. I
don't know whether that helps you, Mr. Thomas, or not.

MR. THOMAS: Yes, I think it is basically what I
was trying to establish.

JUDGE SMITH: Of course, Dr. Cole was trying to
help Mr. Thomas. I know you understand, Mr. Gallo, you
continue your right to object, even though it's been put

out as a Board question.
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MR. GALLO: I understand that, Judge. Thank

you.

BY MR. THOMAS:

Q Could the increased transmissivity values affect the FES
calculation on Class 9 accidents as well as the FSAR?

A I don't know.

Q Could it affect the NEPA analysis on which construction
license was based?

MR. GALLO: Objection. The witness has
testified continually that he doesn't know about the
details of this problem, that it's outside his area of
expertise and it's fruitless and prejudicial to the
witness to continue this line of questioning.

I would object and request that it be shutdown.

JUDGE SMITH: Well, I don't think that Mr.
Levine is being harmed particularly by it.

However, your point is well made, that I think you
have very well established what the reach of his expertise
and what the reach of his testimony is.

BOARD EXAMINATION

BY JUDGE COLE:

Q Dr. Levine, his questions were prefaced by the word
"ecould." You said you didn't know.
I believe you were answering "would it" and that's

what you don't know; but is it correct that your answer to
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"could It" would be you don't know?
Yes.

JUDGE COLE: All right. Thank you.

JUDGE SMITH: Don't you agree, Mr. Thomas, you
have rather well bounded his testimony, if that's your
objective?

MR. THOMAS: Yes, I do. That was, again, the
last question, I just wanted to outline the possible
consequence or parameters of the recalculations that are

going on with regard to the transmissivity values.

BY MR. THOMAS:

-

o > 0O >

On Page 14 where in the seconrd full paragraph, ycu were
talking about or you were ciscussing 133 unresolved or
generic safety issues at that time and you say, "these
were examined by the use of probabilistic techniques and
it was determined that only about 20 of these were of any
direct safety significance.”

Can you indicate what those 20 are or were?

I don't rec-'! 55w, but they are well documented.

Can vor * =g~ 2r any of them?
You Kn. «, «. = years ago. I just can't remember.
Okay.

JUDGE SMITH: 1Is that, generally speaking, the A

Group?

(Continuing.) Yes, it was. They mostly came from the A
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Group. After this work was done, the distinctions between
A, B, C and D were changed, I believe. They may have been

re-established since then. I don't know.

BY MR. THOMAS:

~

On Page 17 I believe you indicate that larger values =-
excuse me a minute.

You indicate that longer times for containment
failure =-- this is, I guess, the first full paragraph., ==
you indicate that longer times for containment failure
result in smaller releases.

Yes.

Can you expl2‘n that?

Yes. If you have radiocactivity inside the containment
that's airborne, it's reduced -- that amount of
radiocactivity that is airborne is reduced -- by one of
several mechanisms. In fact, some of them operate at the
same time.

If you have containment sprays running, they are
reduced by some factor.

If you have the fan coolers running, they are
reduced by some factor.

If you have neither of those running, there are
natural deposition processes working and the longer all of
those processes work, the more radioactivity will be

deposited in water or on surfaces inside the containment.
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Why are you of that opinion, given the fact that the
uncertainties have not been quantitatively analyzed for
Byron?

Well, in general, 1 have some knowledge of these
uncertainties from other studies that have been made and
they are generally dependent upon physical phenomena as
opposed to specific details of the plant, although the
details of the plant do affect them; but I believe that
the overall conservatisms, especially with the time to
containment failure which will strongly affect the fission
product releases, are almost overwhelming in conservatism.
Now, on Page 19, when you are discussing the emergency
core cooling system, you state that -- you are talking
about a few of the relevant Byron design features and you
state, "the emergency core cooling system is" -- you say
it will "perform its design function with only one
accumulator failed and with only one of the redundant
trains of safety injection at the applicable pressure
level.”

Now, isn't it fair that the NRC requires the ECCS
to operate with only one accumulator failed and with only
one of the redundant trains of safety injection at the
applicable pressure level?

That's my belief, yes.

So, in other words, all plants are designed this way;
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right?
Essentially.
This is no == this is nothing specific to Byron, which
would increase safety margin over any other plant; right?
That's correct.
With regard tc your discussion of the safety systems in
general, wouldn't you agree that based upon our
experience, that safety systems are found -- are often
found -- not to operate at the time that they are needed
most? ==

MR. GALLO: Objection. The question is vague,
unintelligible.

As I recall, it said, "wouldn't you agree that
safety systems, unnamed, based on our experience,
unidentified, cause problems in terms that they won't
operate," again, unidentified.

MR. THOMAS: That wasn't the question, but I
understand the nature of his objection to the question.

Well, let me see if I can be more specific with an

example.

BY MR. THOMAS:

<

Are you familiar with the problems of the failure of the
reactor protection system breakers to open on demand, such

as occurred at Salem?

I am generally familiar with that, yes.
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Are you aware that there have been approxim
incidents since 1973 in which one circuit

in an automatic safety system?

I have heard numbers like that.

In light of these numbers, do you still
indicate on Page 19, that these protection sy
the probability of accidents characterized by
shut down the reactor very small?

Yes, I do.

Why is that?

Well, we have analyzed these systems. These systems

nave

been analyzed in many -- several, I should say, PRA's and

the numbers that have been predicted are probably in

range of what this experience has shown.

the

I have to say probably because I have not heard yet

a reliable estimate of what this experience means

quantitatively; but I would expect that quantitative

experience to be in the range of what has been predicted.

BOARD EXAMINATION
BY JUDGE COLE:
When you

predi
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All right, sir.
Other PRA's.
JUDGE COLE: Thank you.

BY MR. THOMAS:

<

With regard to the safety systems and your discussion of
the safety systems at Byron, we discussed -- well, the
reactor protection system and the backup shutdown system
which you have discussed, isn't that true as with the
emergency core cooling system, that the NRC requires these
design features?

Of course.

Okay. And wouldn't you -- and the same thing with the
containment building; right? ==

Yes.

And all of the safety systems that you discuss in your
testimony?

Yes.

And with regard to those safety systems, isn't it true
that Class 9 accidents assume the loss of at least some of
the safety systems?

Yes.

So then wouldn't you agree that these safety systems are
to some extent irrelevant in a discussion of Class 9
accidents, because, again, those accidents assume 2 loss

of at least some of these systems?
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No, I do not agree.

And why is that?

Well, may I give one example?

Sure.

Let's assume you have a core-melt accident, say, arising
from a pipe break and failure of the emergency core
cooling systems to operate. You then have the
containment; and while the containment is designed to a
design pressure of about 50 pounds, it will not fail due
to overpressure to something like two-and-a-half to three
times that pressure.

While you have containment spray systems that are
designed to remove radioactivity source terms for the
design basis accident, they will work equally well with
source terms from a core-melt accident.

So even though they are designed for handling
accidents in which the core does not melt, they deal very
effectively with accidents in which the core does melt.

Now, there is no set of combined equipment that can
for sure prevent cores from melting and prevent
radiocactivity from being released, because anything can
fail. It's a matter of the probability.

Now, with regard to the WASH-1400, you indicated that, in
your opinion, the methodology used in that report is still

fundamentally sound; is that correct?
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Q And is it true that in the same month the NRC issued a

formal statement of policy disavowing the Rasmussen Report

accident probability estimates as not reliable?

A Yes.

MR. THOMAS: Your Honor, I am sorry.
Would this be a good time for the morning recess?

JUDGE SMITH: Yes, if it's satisfactory to you.

MR. THOMAS: Yes.

JUDGE SMITH: All right. We will take our
mid-morning recess of 10 minutes at this time.

(Recess.)

JUDGE SMITH: Mr. Thomas.

BY MR. THOMAS:

Q In your testimony regarding the consequences of Class §
accidents, did you take into account the role of emergency
planning considerations at all, such as evacuation?

A Yes, they were taken into account in WASH-1400, and they
are taken into account in later versions of the
consequence model.

The consequence model in WASH-1400 was called CRAC.
There is a newer model called CRAC 2, which is used these
days; and this takes into account evacuation scenarios for
the public in the vicinity of the nuclear power plant; and
the kinds of studies that are being made to plan

evacuations as needed are yielding results similar to the
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CRAC predictions, CRAC 2 predictions.
So then -- okay.

When you say you tcok it into account, you mean in
the sense that you discussed these studies, like
WASH=-14007?

The way the evacuation planning in CRAC and CRAC 2 were
developed was based on a study of real world evacuations
that had occurred in the U S.

There was a study done by EPA == I can't recall the
name of it -- and the data in there, in that study,
furnished the basis for the CRAC evacuation model, and a
reinterpretation of that data resulted in some improvement
in the evacuation model in CRAC 2.

All right. What real world evacuation was taken into
account?

Such things as toxic chemical releases from train crashes,
floods, are all I can recall. There may have been other
things.

There were no nuclear power plant accidents -=-

Yes, right.
-=- in the data base.
Were any of the evacuations on a scale -~ did any of them
deal with evacuations of a population density such as
Metropolitan Chicago?

MR. GALLO: Objection; irrelevant.
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JUDGE SMITH: Overruled.

MR. THOMAS: Do you remember the question?
THE WITNESS: The objection is overruled?
JUDGE SMITH: Yes.

I can't recall.

I do know that the data -- I do recall that the data
covered various population densities for numbers of people
that had to be moved, and it also showed that the higher
the density of people, the faster they could be removed;
but I don't know == I don't know how high that number

went.

BY MR. THOMAS:

Q

So you don't know if any of them dealt with a density such
as I said, Metropolitan Chicago?
I don't know, but I would doubt it.
Do you know the basis for what you say was the finding
that the higher density, the faster the people could be
removed?
Yes., It was basically that in higher density populations
there are better road systems to allow the peop.e to move
faster.

BOARD EXAMINATION

BY JUDGE COLE:

Doctor, that conclusion, when they say moved faster, are

they talking about number of people per hour or the
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percentage of the population or what?
The number of people per unit time could be moved faster,
you could move more people per unit time.

Now, I would say =-- I would have to say that I read
that report many years ago, and it's very vague in my
memory, and I may be stating some small errors of fact,
but the general impression I can give you is correct.

I wonder of what value that statement is if we still have
a larger percentage of the pecple remaining. Even though
we can move them out faster, move them at a faster rate,
there are so many more to move out, it doesn't tell me
anything.

Let me tell you what the analysis of the data showed, in
our opinion, in the original CRAC evacuation model and the
current CRAC 2 evacuation model.

In the emergency CRAC evacuation model, we assumed
that approximately 30 or 40 percent of the tim2 people did
not move at all. They Jjust sort of moved around but
didn't have a net velocity away from the cloud; and 30 or
40 percent of the time they moved with a very low velocity
of 1.2 miles per hour and the remaining time they moved
with 7 miles per hour evacuation speed.

The latest model reinterprets that model into the
delayed times of starting, with 1, 3 and 5 hours, and then

moving with a constant 10 miles-an-hour velocity, so
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that's the way the data was interpreted.

JUDGE COLE: All right, sir. Thank you.

BY MR. THOMAS:

Q

When you say -- you used the word "our, our calculations."

Whose calculations were you referring to there?
When I said "our," I was talking about the CRAC model,
which was developed as part of WASH-1400.
Okay. To your knowledge, has there ever been an
evacuation in this country on the scale required to
evacuate Metropolitan Chicago?
I don't know, but I doubt it ==
Okay.
-- but I am not sure that Metropolitan Chicago would have
to be evacuated in the case of a reactor accident.
Well, that's =-
I am quite sure it would not have to be.
Well, there is certainly some Class 9 accident scenarios
where it would have to be evacuated, wouldn't it?
There might be required, in some very, very remote cases
of rain, the movement of some people, but not in a few
hours. Perhaps in half-a-day or something like that.
All right. Half-a-day.

Are you of the opinion that Metropolitan Chicago
could be evacuated in a half-a-day?

I am not suggesting that Metropolitan Chicago would have
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to be evacuated. That's your term, not mine.
If it did, do you think it could be done?

JUDGE SMITH: Mr. Gallo, when we overruled your
objection on relevance, we didn't mean it to pertain to
any and all references to evacuating Chicago. I just
wanted to make that clear.

I am not suggesting that you object now.

MR. GALLO: Would you entertain an objection,
your Honor?

The witness is answering the questions. I will
stand by his answer.

MR. THOMAS: Judge, surely you are not worrying

about intimidating Mr. Gallo.

BY MR. THOMAS:

Are you familiar with the Byron emergency plan?

No, I am not.

Are you familiar with modifications c¢. -ently -- that that
plan is currently undergoing?

No.

The population density estimates which are contained on
Page 16 of your testimony, you have no idea if those are
accurate, do you -- the bottom of Page 15, the top of Page
167

T am quite sure that the Byron population density, as

s.ated here for distance out to 50 miles, is less than the
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average of 111 sites.

Well, are you aware that this is a recreational area and
it has quite a large temporary population of people who
use recreational facilities?

I am not sure whether that is included in these numbers or
not. I suspect not.

In other words, again, you have not made any independent
analysis on your own of the demographics situation?

I have taken numbers generated by other people; by the
NRC, in fact.

Do you know why -- in compiling the demographic statistics
for all nuclear sites, do you know why the NRC has used
average rather than median to make a decision on whether
the Byron site is a high density population area?

No, I don't.

Now, on Page 25 and Page 26 of your testimony, where you
are talking about using precursor events to help improve
the predicted probabilities of accident sequences, I think
that you indicate that, in order for these figures to be
anything less than ill-defined or murky, they have to be
plant specific; is that correct?

If you are trying to draw conclusions about the
probability of specific accident sequences, yes.

Now, again, in the sense that WASH-1400 dealt with the

composite sites as opposed to plant specific
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considerations, would you describe it as ill-defined and
murky?
Net at all, because we did define specific accident
.equences for specific plants.
But you would -- but based upon composite sites?
That has nothing *to do with the argument.
Why is that?
Because the engineering aspects of the plant, which are
defined in accident sequences, do not involve the
consequence model or the site considerations, the site
meteorology or the population distribution or aﬁything
else.
Then in terms of accident consequences, though, that's
where composite were involved in WASH-1400, population
densities and so on?
In predicting consequences, yes.
Would you characterize those, the WALH=-1400 conclusions
regarding accident consequences, as ill-defined and murky
for that reason?
No; but certainly they would not be applicable to any one
reactor site.

MR, THOMAS: If I might have a moment, your
Honor, I think I am largely finished.

JUDGE SMITH: Off the record for a moment.

(There followed a discussion outside the
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record.)
JUDGE SMITH: On the record.

Mr. Thomas.

BY MR. THOMAS:

Q

> 0 > 0 >

Are you familiar with the conclusion of the Sandia Site
Study regarding the relationship of the melt-down
categories found most probable by WASH-1400 in
relationship to the liquid pathway releases?
I don't understand the question.
All right. Are you aware that the study found that the
most probable WASH-1400 melt-down categories resulted in
the highest liquid pathway releases?
The highest --
WASH=-1400 =--
Yes, yes.
Okay.
Excuse me, I am not aware of what the Sandia study said;
but if that's what it said, that's true.
Okay. You would agree with that statement then,
regardless =--
Yes; but the releases would be very small, in any event.
MR. THOMAS: Those are all the questions I have
of the itness at this time, your Honor.
JUDGE SMITH: Mr. Rawson.
MR. RAWSON: Judge, I believe DAARE/SAFE has
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questions on this contention.

MR. THOMAS: Judge, DAARE/SAFE has a contention
in ==

JUDGE SMITH: There is no lead?

MR. CAMPBELL: There is a lead intervenor, your
Honor.

I just wish to ask some follow-up questions that I
feel that were not covered by the League.

It does not pertain per se to any one specific
thing. I just wish to ask follow-up questions
specifically concerned with DAARE/SAFE's contention that I
feel that he did not ==

MR. THOMAS: I really didn't dismiss the
consideration from the ring of nuclear plants that
DAARE/SAFE's contention addresses.

JUDGE SMITH: Do you have a =-- do you have a
cross examination plan?

MR. CAMPBELL: No. This would just take in,
again, follow=up.

JUDGE SMITH: Okay.

MR. GALLO: Mr. Chairman -- excuse me, Judge. I
just was handed a note about an emergency phone call. I
wonder if we could take five minutes while I make it.

JUDGE SMITH: Yes, surely.

MR. GALLO: Thank you. I appreciate it.
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MR. GALLO: Objection.

My understanding is that DAARE/SAFE was going to
conduct a cross examination of a non-cumulative type.

This is cumulative cross examination going to the
bias point, explored at length by counsel for the League
of Women Voters, and, therefore, it's improper cross
examination.

They should be limited to their Contenticn 2 a.

JUDGE SMITH: I don't see why the bias of the
witness, which is virtually an ideal subject matter to be
covered by the intervenor -- it has equal applicability to
both intervenors as compared to a contention-specific
issue.

You could have worked it out with Mr. Thomas.

If you represent to the Board that, simply, you
forgot or something else, that would be ovne thing; but the
Board did not issue an order requiring this procedure
because we inferred from the stipulation that you would
follow the procedure of putting all of the joint cross
examination in the hands of a single intervenor.

Now, if you feel at a disadvantage, we might want to
make an exception for this particular time, but caution
you for the future, unless you have a contention-specific
issue that cannot be covered and is not covered by the

lead intervenor, that you cannot have additional cross
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examination.

Let me see what the Board's preference is.

The Bocard is split, and in that case, we were ruling
on the majority, and that is we will admonish you that in
the future you have to have general questions pertaining
to all of the contentions and all of the interests of the
intervenors in the hands of the lead intervenor, unless
there is an internal problem, which we can't perceive now,
that makes that impossible. If there is a failure of
cooperation, then you can represent that.

Are you having trouble with the lead intervenor
approach?

MR. CAMPBELL: Not up until -- this one
contention, I would say, would be the only chance out of
all the contentions presented by DAARE/SAFE and the League
that we would, perhaps, have differing opinions about in
perceiving ==

JUDGE SMITH: Are you representing to us there
is a difference of opinion among the intervenors on this
approach?

Well, we are going to allow you to go anyway.

MR. CAMPBELL: Thank you.

JUDGE SMITH: But it would be for a greater
reason, if you had represented there is a difference of

opinion.
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After this, that is one of the elements that you
will have to establish for separate -- you consult with
Mr. Campbell -~ that will be one of the elements that you
wiil have to establish before you can have separate
intervention.

MR. CAMPBELL: Your Honor, it would be that in
the future that I am sure there would never be another
time in which we would have this.

JUDGE SMITH: All right.

MR. CAMPBELL: We just right now are trying to
present some of our viewpoints and get Mr. Levine to
answer some of our questions that we felt important.

JUDGE SMITH: Ms. Chavez.

MS. CHAVEZ: Your Honor, there is just one point
that I would like to request clarification from the Board
on, and that's that in the future on some other
contention, if we find it difficult -- and it is going to
arise -- to make a distinction between some points that
Mr. Thomas has brought up in his cross examination and
some points that would relate more specifically to our
contention, that we be able to bring in this information,
because it is not possible to always make such a clear
distinction between questions that pertain to our
contentions and questions that pertain to his.

JUDGE SMITH: We will take that up on a
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However, the point is, that you don't understand,
you first have to make your best effort to feed your
questions through Mr. Thomas, best effort.

If that doesn't work, then we will -- or whoever is
representing the joir: Intervenors.

If that doesn't work, we will allow you to go
separately.

So, although the objection is well made, as a matter
of Board discretion, we overule it.

MR. GOLDBERG: Judge, let me make one statement
relative to Ms. Chavez' statement.

All parties entered into the stipulation which they
agreed would govern the presentation of evidence and the
conduct of the proceeding.

I would add this as background; that that was
voluntarily understood that they would approach the case
with the lead intervention concept.

JUDGE SMITH: Yes; but the lead interventiocon
concept also assumes that all issues can be handled by a
lead intervenor.

The overriding regulation is that -- the overriding
approach is that the party should not be required -- well,
in any event, we discussed it enough, and I see good faith

in all parties involved and I don't see a continuing
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cooled reactors, no others.

Could you -- especially for the public, could you state
what the risk is that has been quantified by WASH=14007?
Well, they are presented in WASH-1400.

We have calculated the probability of early
fatalities of various sizes. We have calculated latent
cancer fatalities as a function of probabilities. We have
calculated property damage. We have calculated genetic
effects. We have calculated thyroid nodules and thyroid
cancers.

We find that all of these -- almost all of these are
very small compared to the risks that people normally are

exposed to.

The only health effect we calculated that would be
noticeable would be thyroid nodules 2t very low
probability. The number of thyroid nodules that would
occur, a probability of ten to the minus nine per reactor
year.

Thyroid nodules are not a serious illness. They are
annoying and painful but not debilitating.

Some of them are cancers, and some of those cancers
cause fatalities, and those are accounted in the latent
cancer fatalities.

The latent cancer fatalities were predicted are a

very small fraction of cancer fatalities that would
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ordinarily occur.,

The acute fatalities that are predicted are much
lower in probability than those from other kinds of
accidents in society, and no larger, and sometimes
smaller, than those that occur from other of man's
activities.

You say 10.9 per reactor year?

I don't recall using that number.

Ten to the minus nine?

Ten to the minus nine, one chance in a billion, per
reactor year for these large consequence, which are still
smaller than things that are occurring every day.

That is what I was wondering.

One chance in a billion, does that mean one chance ==
if there was a =-- if there were a billion reactors
operating in the United States, you would have one major
accident every year; is that =- I want =--

Something like that, yes.

But there are only 100 reactors operating.

Well, the best way to look at it is the chance per year of
reactor operation, which is the way we quote it.

Did you go into the cnances of other accidents happening
that were not Class 9 accidents or that were Class 9 but
that were not related to a worst scenario?

Yes, we looked at a whole set of accident spectrums,
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accident scenarios, with differing probabilities and
differing consequences; and, as in all accidents, such as
automobile accidents, you find a variety of probabilities
and a variety of consequences.

If you look at automobile accidents, the number of
paint scrape or bent-fender accidents is much larger than
the number of accidents that total your car or kill you.

So there is a spectrum of accidents in automobiles
and there is a spectrum of accidents in reactors.

Okay. So you have -- WASH=-1400 did indicate that there
could be some accidents and put numbers on those chances
of accidents happening?

We estimated the probabilities by logical methods using
data on component failures and human errors and things
such as that.

So we estimated the probability of occurrence of the
accident scenarios, we estimated the magnitude of the
radicactive release3 associated with those accidents and
we estimated the health effects of those accidents, all
done probabilistically.

That was in your testimony in answer to Mr. Thomas'
questions before about the WiSH-1400 predicting more or
less that Three Mile Island?

They were predicted because they have not happened.

I mean the Three Mile Island accidents, the accidents on
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Three Mile Island happened ==

Well, when Three Mile Island happened ==

MR. GALLO: Excuse me. We can't have both the
questioner and the witness talking simultaneously. The
reporter only can get one. So we have to let each
individual finish. Otherwise, the record will not be
clear at all.

MR. CAMPBELL: I am sorry.

BY MR. CAMPBELL:

Q

The chances of an accident happening similar to Three Mile
Island was listed in WASH-1400, I believe you stated, 1
chance in 4,0007?

No. That was the frequency of occurrence of the accident
at Three Mile Island, because there were, at the time it
happened, 400 reactor years, and that comes ocut to be
about two times ten to the minus three for the frequency
of the accident.

What I said was the Westinghouse reactor does not
have an accident of that type, cannot have an accident
scenario of that type; and that -- however, the
consequence associated with the Three Mile Island
accident, which was a few thousand person rem, represented
a point on our consequence curve that was calculated in
WASH=-1400 that had a frequency between 1 in 400 and 1 in

40,000. So the 1 in 4,000 was within the range of
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probabilities that we predicted for an accident of that
size.
The consequences of a degradated --
I should say that a few thousand person rem -- excuse me =<
means that it is a small chance that one person might die
as a result of having a cancer from that kirnd of an
accident.
They can't pinpoint that one person, though; is that
correct?
Cannot pinpoint that one person, no.
The consequences of the accident, though, was the
degradated core, a two-and-a-half million dollar reactor
that 1. "ike hamburger.

What are the chances --
The core is severely damaged.
What are the chances of another degradated core accident?
I think they are significantly lower than that at Three
Mile Island because of the kinds of improvements that have
been made in reactors and because of the improvements made
in reactor training -- in reactor operator training.
So is there a new figure as to the chances of another
degradated core occurring?
I don't have a new number.

It's very hard to calculate such numbers with

WASH=-1400-type methodology.
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WASH=-1400 predicted accidents that were not core

melt or that resulted in core melt.

To predict accidents that fall in between that are
very difficult., People are working on that now, but there
is no established methodology for doing that.

Would you consider -=-

It seems more profitable to analyze reactors and find out
what you have to do to decrease those probabilities than
to predict them.

Would you consider Fermi, the Fermi reactor, a degradated
core accident?

The Fermi 1?7

Yes.

Oh, yes, they melted parts of three fuel elements.

Would you say that once every ten years we could expect a
degradated core accident?

No, I wouldn't, because the Fermi reactor was a fast
breeder reactor and bears no relationship to large
water-cooled reactors.

Well, then with Three Mile Island occurring, say, 20 years
after the beginning of nuclear power, would you say that
once every 20 years we could expect a degradated core
accident?

It depends upon how many reactors are operating; but I

think that, as with all of man's endeavors, you learn from
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your analyses, you also learn from events that have
happened, and you take corrective measures that make those
things less likely to occur.

Well, there is some discussion, isn't there, that -=-
whether the TMI 2 action plan requirements are being
implemented?

I think they are being implemented. You may question the
time scale at which they are being implemented.

As, again, with all of man's endeavors, things have
to be implemented on a practical time schedule.

Practical meaning profitable?

No., It means availability of funds with which to do them.
It means the number of people onsite, the number of things
going on in the plant at one time.

I think you have to use rational judgments in making
these. Some of the fixes are more important than others,
some take longer times to procure necessary equipment, et
cetera.

The most important things, which were improving the
training of the operators and improving procedures, have
been already done. Those are the most important thing, in
my opinion. They are already done.

Of the 347 post-TMI 2 action plan requirements, do you
know how many have been completed?

No, I do not.
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If I said 236 have not been completed by January of this

last year, and of those, 123 were of the highest priority,

would you say that that could be?
MR. GALLO: Objection. I think the line of

questioning that Mr. Campbell is pursuing is really
immaterial to the issue at hand here and, therefore, is
not probative and should not be allowed, and I object to
any further questioning along that line.

MR. CAMPBELL: My next question would pertain
directly to Byron and I would ask then how many of these
have taken place at Byron, have been implemented.

JUDGE SMITH: Well, the evolution of the
questions and answers that we got here was the fixes
learned, the lessons learned, will reduce the frequency of
severe accidents, core-melt accidents, and that was
relevant and appropriate, and now he is bringing in the
factual question as to whether the lessons learned are
imp’emented.

Let's consult,

The form of your question may be
difficult but the subject matter of your question is
appropriate.

Read the question back.

We are overruling the objection based in part upon

your representation that your next question will be
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relevant specifically to Byron and the contention.
(The question was thereupon read by the
Reporter.)

Anything can be. It depends. I have no way to know

whether it's right or wrong and I am willing to accept

your word, however. I don't know.

BY MR. CAMPBELL:

Q

Do you know how many requirements have been implemented at

Byron?

No. I am aware that some things are planned to be

implemented. I don't know if they have been implemented.
I have no idea what the total number is.

Are you -~ you are familiar with some of the

implementations then at Byron?

Yes, some of the things I covered in my testimony.

I am still not sure whether I ever did get a number, an

idea of when you think the next degradated core accident

could occur.

I told you I didn't know. I have no way to predict it,

except I am sure it's lower than the frequency at which

TMI occurred.

In the WASH-1400 Study, and especially on Page 8, the

bottom of the page, you stated that there are two specific

reactors for the WASH-1400 Study.

Could you tell me, first of all, who analyzed the
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two specific reactors for WASH-1400, NRC Staff or someone

else?
It was not the NRC Staff. It was a group of people put
together under the direction of Professor Rasmussen. It
included a few employees of the NRC, then AEC Regulatory
Staff, it included contractors of various kinds from
national laboratories and companies and they were under
the general direction of myself and Professor Rasmussen.
This group had total discretion on what it was
doing. No one directed this group other than Rasmussen.
It was funded by first the AEC and then the NRC; but there
was no direction given to the group, other than the
general charter, which I have outlined.
The general contractors, did they come from the industry?
Almost none came from the nuclear industry. I think we
had one person who was employed by an architect
engineering firm. Most of the people not AEC employees,
came from aerospace, national laboratories and some came
from the aerospace industry.
Is Byron comparable to either of the two reactors?
Well, Byron is a pressurized water reactor and one of the
reactors we looked at was a pressurized water design. I
am sure there are differences in design. In fact, I know
there are differences in design between the two reactors.

Is it a lot? The difference, is there an enormous amount
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of difference?

There are some significant differences, and I can't
quantify it beyond that.
What was the size of the PWR?
It was in the neighborhood of 800 megawatts electric, but
we -- when we analyzed the consequences of accidents, we
assumed it had a fission product inventory as though it
were a thousand megawatt reactor.
Was this a Westinghouse reactor?
It was a Westinghouse reactor.
You are familiar that Byron is a Westinghouse reactor?
Yes, I am.
There is a short technical appendix to the WASH-1400 that
demonstrated that only a few people might be killed.
Is there a specific name for that appendix?

I am not sure what you are talking about.

JUDGE COLE: You are not talking about the
executive summary?

MR. CAMPBELL: No. It was an appendix talking
about how many people would -- might be killed.
(Continuing.) Well, that was covered in the main report,

Appendix 6 and Appendix 11.

BY MR. CAMPBELL:

<

Did it come up with a result, did the WASH-1400 come up

with results as to what would happen in a Class 9
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accident, the worst-case scenario?

Yes. I have already outlined to you what those results
were.

The number of people killed?

Well, I haven't given numbers. Would you like me to give
numbers?

If that would be =--

Yes. In the worst case, for the worst accident we
examined in WASH-1400, with a probability of one chance in
a billion per reactor year, there will be 3,300 early
fatalities, 45,000 latent cancer fatalities and 14 billion
dollars worth of property damage. I don't remember the
other numbers. I am sorry.

And I would like to say that we presented comparison
curves and tables in WASH-1400 which shows that these
numbers were no longer than and in many cases smaller than
fatalities and property damage that already occur in
society every year -- well, that already occur in society.
Strike, "every year."

I am sorry. What was that?
I struck, "every year."
Okay. The Sandia Study came up with revised figures and
even site specific figures for Byron, did it not?
MR. GALLO: Objection. Judge Smith, I have sat

patiently while Mr., Campbell has questioned at length and
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run over essentially the same ground that Mr. Thomas ran
over with respect to WASH-1400.

Now, I anticipate a repetition of the questioning on
the Sandia Report.

I thought the purpose of this cross examination was
limited to Contention 2-A and I have yet to hear one
question specific to that contention.

I object to any further questioning by this
questioner with respect to the Sandia Report on the
grounds that it's cumulative and not probative and,
therefore, not proper cross examination.

MR. CAMPBELL: I don't believe that it has been
mentioned anywhere the site specificity of the Sandia
Report to Byron, something which should be put in t'e
record and something that the public should be well aware
of.

MR. GALLO: I don't know if that's true or not,
your Honor.

All I know is that Mr. Thomas asked a number of
questions about that report and the record will show
whether or not this piece of information was listed.

The point is, the opportunity was presented to
Intervenors and what we are =-

JUDGE SMITH: We have already ruled on whether

we will allow this Intervenor to cross examine.

SONNTAG REPORTING SERVICE, LTD.




oW

O W 0o =N o Wum

1

13
14
15
16
17
18
19
20
21
22
23
24
25

How do you distinguish between this and the --

MR. GALLO: Well, I didn't -- I am sorry.

JUDGE SMITH: Go ahead.

MR. GALLO: I didn't understand the Board's
ruling as to mean that, essentially, this Intervenor had
latitude to reproduce and cover the same ground as Mr,
Thomas already covered.

JUDGE SMITH: That's true.

MR. GALLO: I only understood the Board's ruling
to mean, with respect to the issue of bias, he was
permitted to cover the same ground.

Now, I listened patiently while he covered the same
ground on WASH=-1400. I have reached the end of my
patience., He now wants to pursue the Sandia Report. I
think it is a breach of the stipulation that was signed by
all parties, and is beyond the pnroper discretion that this
Board should permit.

JUDGE SMITH: Your contention is cumulative
effects?

MR. CAMPBELL: Yes.

JUDGE SMITH: And little about your cross
examination has been on cumulative effects.

MR. CAMPBELL: I was going -- and, again, I
thought that I was going over scme of the testimony that

was presented wishing tc bring out, flesh out, some of the
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testimony. There were questions I felt that were not
raised.

Then I would continue on and ask specifically the
cumulative effects. Now =-=-

JUDGE SMITH: Is it your view that you can't get
into the cumulative effects until you flesh out the
effects of the operation of Byron?

MR. CAMPBELL: Yes. And then I will be
continuing on to ask about whether the effects of the
number of plants that are surrounding Rockford =-=-

JUDGE SMITH: It does seem you are tracking very
closely the cross examination of Mr. Thomas.

MR. CAMPBELL: I thought that I was allowed to
do that. What I am doing is asking him the questions that
I felt that he did not, again, flesh out, that I wanted
specific things to be brought out into the testimony that
would relate then to the cumulative effect.

JUDGE SMITH: All right. Is there any further
discussion?

(No response.)

JUDGE SMITH: The Board's ruling is, in effect -+
I think, perhaps, you picked the wrong particular question
to object on; but the questiion is so specific to the
contention as a whole and to the issue as a whole that we

will permit the answer.
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MR. GALLO: May we have the question repeated,
your Honor?

JUDGE SMITH: Please, Mr. Sonntag.

(The question was thereupon read by the

Reporter.)
I don't know for specifically, but I know they calculated
almost every site in the country. I wouldn't call them
revised figures. I would call them a different estimate
but, in fact, the numbers published in the Sandia Study
are quite small compared to that which Congressman Marquis
obtained from the computer printouts and made public. So
we have to decide whether you are talking about the Sandia
Study report or the computer printouts that caused all the
furor.

MR. CAMPBELL: It would be the computer
printouts, that was my mistake, that did indicate that
there would be a number higher than those. I was just
wondering if you were familiar with the figure given for
Byron specifically.

(Conrtinuing.) No, I am not, but I would not agree with
i in any event, because I know that the methodology used
to calculate it is highly questicnable, in fact, engine

correct.

BY MR. CAMPBELL:

You would stick to the WASH-1400 Study of 14,000 -- 3,300
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early fatalities?
I would accept as a reasonably -- a reasonable approach to
estimating the consequences of accidents, Class 9
accidents, at the Byron site for the Byron reactor, the
general approach used by the NRC Staff in its FES.
JUDGE SMITH: Excuse me. Going back to
WASH-1400.
THE WITNESS: Yes.
BOARD EXAMINATION

BY JUDGE SMITH:
You are on the imnlied issue now of the worst-case
scenario ana I think you -~ should we infer from your
testimony that WASH-1400 in its case, in its worst-case
analysis, assumes protective actions?
It assumes some evacuation course, as I described earlier.
If that's what you mean by protective actions.
Yes. And the Sandia Report did not, as I understan it,
that you are referring to?

I am trying to focus on ==
The Sandia Report =-=-
-=- The basis of your sharp difference.
Yes, I understand the question.

The Sandia Report in cases of extremely low
probability estimated that 2 rain -- it could rain and

wash radioactivity from the airborne cloud onto the
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ground; and this would be far from the reactor, tens of
miles from the reactor, beyond ten miles from the reactor;
and that the people in that rained-out area would stay
there for 24 hours.

Outside?

Outside. And I think that's an irrational calculation., I
don't believe that would happen.

I believe that actions would be taken to remove the
people or get them inside; and if some action like that
were taken in 12 hours, none of those people would die.

I can't believe that if such an event were to occur,
even at that very low probability, that the people would
not move,

I don't want you to go too far in response to my question.
I just wanted te focus on the sharp distinction that you
saw.

That's the distinction.

BY MR. CAMPBELL:

~

It is interesting to note that Commonwealth Edison would
rather shelter the people =--

Sheltering --
MR. GALLO: Objection. It's a statement, not a

quescion and it's irrelevant to the contentions.

MR. CAMPBELL: I wasn't finished with my

question.
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JUDGE SMITH: Do you want to start again? The
Board was conferring when the question began and start
fresh. Instead of reading it back, start fresh with your

question.

MR. CAMPBELL: I am sorry.

BY MR. CAMPBELL:

<

Are you familiar with the plans, evacuation plans of
Byron, that they would rather shelter the innabitants
instead of move them out?

No, I am not.

MR. GALLO: Objection.

JUDGE SMITH: Wait a minute. You don't have to
if he disagrees with the premise or he doesn't know what
the premise is, he can state that's the case.

MR. GALLO: All right. I will withdraw the
objection.

THE WITNESS: I am prepared to answer the
question, Judge.

JUDGE SMITH: All right. You may answer.

I am not familiar with that detail.
However, sheltering would be as effective as

removing the people in this case.

BY MR. CAMPBELL:

Q
A

Repeat early fatalities for Byron, scaled for Unit No. 1

I am sorry. I can't hear you.
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Peak early fatalities for Byron at Unit 1 is listed as
9,050.

MR. GALLO: Objection. I don't know what he is
reading from. There is a predicate to the House ==

MR. CAMPBELL: That is the U. S. House Interior
Subcommittee on overestimate investigations of calculation
of reactor accident consequences.

MR. GALLO: If Mr. Campbell wants to take the
stand and offer that into evidence as his testimony, I
will cross examine him on it. It's improper cross
examination.

MR. CAMPBELL: Thrat is the Sandia Report,
though.

JUDGE SMITH: Pardon?

MR. CAMPBELL: That is the Sandia Report,
though.

MR. GALLO: The Sandia Report has not been
marked as an exhibit or offered into evidence in any way.
All of these questions on the Sandia Report simply elicit
whether or not Mr. Levine is aware of this or aware of
that. It's a memory contest. We have not introduced one
iota of prob: .ive evidence from the Sandia Report through
this cros; examination.

JUDGE SMITH: I am aware the difficulty is we

are taking the matter up a question at a time and an
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objection at a time. Let's address the basic tension
between the parties.

You are going to, apparently, attempt to cross
examine Mr. Levine extensively on not the Sandia Report
but the computer printout worst-case data.

Counsel objects. He objects primarily because you
are assuming that the report is in evidence and that the
witness knows, is competent to, is familiar enough with
the report to testify about it. That's an assumption
which is being challenged.

In the first place, &ssuming that he does know what
the so-called Sandia Report says, assuming he does know
it, where are you going to go from there?

You are going to have a very hard time getting that
into evidence in this proceeding, I suspect. Counsel may
object.

What are you going to do with this cross
examination?

MR. CAMPBELL: I was hoping that the higher
figure that came out of the Sandia Report and the computer
of 9,050 might indi:ate some revision of WASH=1400 that
Mr. Levine, if he does not know about it, might be
interested in commenting upon; specifically for Byron,
which I believe he did indicate was less of a risk than

other nuclear reactors in the United States.
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(Board conferring.)
JUDGE SMITH: Would you restate the question?
MR. CAMPBELL: The ball is in my court.
JUDGE SMITH: No. Mr. Reporter, would you
restate the question.
(The question was thereupon read by the

Reporter.)

+UDGE SMITH: Would you complete your question?

BY MR. CAMPBELL:

~

Would this figure be too high in your estimation?

MR. GALLO: Objection. It seems to me that it's
just been disclosed by this exchange between the Board and
Mr. Campbell that we have a pervasive confusion on this
record.

As I urderstand it, the reference that Mr. Campbell
is making when he refers tc the Sandia Report -- and,
perhaps, Mr. Thomas as well -- was the computer printout
that was released by the Congressman.

Whereas, the witness, because of the reference to
the Sandia Report, is answering the questions on the basis
of the report itself as published by Sandia Laboratories.

So what we have are -- and we also have the witness'
testimony that there is a variance between what the report
said and what the printout says.

What we have here are questions related to the
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printout under the guise of referring to the report and
answers based on the report.

I submit that all of the questions in the area of
the Sandia Report are suspect as to their reliabii’ty and
I move that they be stricken, both the questions and the
answers.

JUDGE SMITH: Well, it's just not that simple.

Now, last time the witness made it clear that he
understood and I think the record is clear =--

MR. GALLO: As to that one question, that is
true, your Honor; but ==

JUDGE SMITH: And I do think that we have been
very sloppy in referring to the Sandia Report as a
shortcut for the printout; and that is a distinction that
has to be made.

There is another difficulty, and that is the Boa:d
itself is familiar with the printout. Congressman
Marquis' release on it, and that the report is different,
a different publication.

Now, I am sure you are referring to the printout,
the worst-case printout, as I think it has been referred
to, from the Sandia background data.

MR. CAMPBELL: Yes.
JUDGE SMITH: Now, make that clear in your

question and let's see what the answer is.
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MR. GALLO: Excuse me, your Honor. I have no

problem with the Board's ruling and I don't mean to argue
with it as just made; but I am concerned about the prior
answers and questions. It was not until Mr. Levine
clarified the anzwer not more than five minutes ago that I
realized that Mr. Campbell and, perhaps, Mr. Thomas -~ and
perhaps an inquiry should be made of Mr. Thomas =-- were
asking questions under the label of the Landia Report when
t-~y really meant the printout.

I don't know if Mr. Levine's answers would have been
the same if he had understood that they were referring to
the printout as opposed to the Sandia Report.

JUDGE SMITH: I understand now.

MR. GALLO: It's those prior questions that I
object to.

JUDGE SMITH: Mr. Levine, what did you
understand the questions -- if we can address the
questions as a group, I don't know if that's possible.

What did you understand the questions to be?

THE WITNESS: I assumed they were talking about
the printout.

JUDGE SMITH: What did you intend, Mr. Thomas,
in your respective questions?

MR. THOMAS: Well, Judge, my questions really

went to the report; but I am sure he understood.
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I did not get into discussing numbers particularly
with him. I asked him about how Sandia arrived at the
conclusion that the most probably WASH=-1400 melt-down
categories resulted in the highest liquid pathway
relzases.

Now, I am sure that the witness realized that was
from the report as opposed to the computer printout,

I didn't discuss the numbers that Mr. Campbell has
gotten into.

JUDGE SMITH: I think it is clear from Mr.
Campbell's questioning that he knew it was in the
printout, that the witness knew it was from the printout
and the Boarc assumed it was from the printout.

MR. THOMAS: Right.

JUDGE SMITH: I think the record is satisfactory
on it; but I den't want to leave it until you are
satisfied, Mr., Gallo, because you have a legitimate
ccemplaint here.

MR. GALLO: Well, I think the remedy is to
review the transcript and to determine, in cooperation
with the witness, exactly what he understood when the
question was posed and see if there is a difference in the
answer with respect to whether the reference was the
regort versus the printout and then come back to you with

a request for a remedy should that occur.
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JUDGE SMITH: I certainly think, in view of the
carelessness that I myself have been guilty of in
language, that that would be fair to the witness.

With no objection, we will proceed on that basis.

From here on in, let's have a precise understanding
as to the document that we are referring to.

Also, you might bear in mind that we have our doubts
that you are going to be able to get that printout into
evidence unless ycu =-

MR. CAMPBELL: Your Honor, I am not trying to
get this into evidence.

All I am trying to do is find out the witness'
familiarity and opinion on these questions.

JUDGE SMITH: Okay, all right. Now, with that,
can you answer the question, assuming that you remember

the question?
THE WITNESS: If I could have it repeated, I

might give it a try.

JUDGE SMITH: Well, it's the -- it takes the
comparable =-- as I understand it, the comparable
worst-case scenario from the printout and applies it to
Sandia and you get something in the neighborhood of 9,000
early deaths -- to Byron.

With that, assuming thit whatever ycu wish to assume

from the question, does that change =- should that, in

SONNTAG REPORTING SERVICE, LTD.




N

O W o N o0 U O FE oW N -

n (A% RN oS N 1% N 05 B () -l - =l e b - i s - al. il

BY MR. CAMPBELL:

Q

2019

your view, change the conclusions of WASH-1400?
Is that a correct restatement?
MR. CAMPBELL: That is, yes.
I cannot answer that question with specificity.

I am aware of the methodology used by Sandia in
generating that computer printout. I do not agree with
it.

I can't comment about the validity of any one number
at any one site, because it depends on what the
calculation «- how the calculation went and where it
rained and where the fatalities occurred.

I have alreaay stated that I agree with the staff's
representation of the predicted early fatalities as being -
and I am reading now from the Staff FES -- ten to the
minus eight 1,140 people. I believe that's a conservative
estimate; but I canno. comment specifically on the Byron
calculation in that computer printout. I don't know

enough about it.

In your opinion, does the fact that there will be more
nuclear power plants than just one in an area increase the
risk to the people living within that area?

If you are talking about the specific areas in question in
these contentions, I believe there is almost no coupling

of early fatalities between the various sites. There may
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be some coupling of latent cancer fatalities but it's very
small. The number of latent cancer fatalities would be
very small in any event with one reactor or ten reactors.
The probability of early fatality -- of latent cancer
fatality death would be very small whether there is one
reactor or ten reactors in the area.

This ==

Considering the way they are located.

The latent death fatalities --

Yes.

Is that due to accidental releases?

Yes, that's what I am talking about.

Would there be an increase due to normal operations?

MR. RAWSON: Objection. Judge, this was an area
that was disposed of or summary disposition; the question
of health effects related to the health was fully
litigated and the Board dismissed Contention 2-A, which
was the question, in cumulative terms.

MR. CAMPBELL: That is true, Judge. I forgot.
I am sorry.

JUDGE SMITH: Okay.

MR. CAMPBELL: I continually forget that we
cannot talk about that anymore. I am sorry.

JUDGE SMITH: Proceed.

Your question is withdrawn?
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MR. CAMPBELL: Yes.

BY MR. CAMPBELL:

-

> 0O >» 0O > D >

The chances of an accident then you think do not increase
because of the number of nuclear power plants, with the
number of nuclear power plants?

Yes, they do.

They do?

Yes, the chances of an accident.

Is this generally recognized --

Well ==

-= Or is this your own opinion?

-= if you have one reactor -- and let's assume you have
ten identical reactors -- if you have one reactor which
has a certain accident frequency, if you have two of them
or three of them, the frequency goes up if they are all
the same.

Now, you haven't looked at the reactors that Commonwealth
Edison is now operating within Northern Illinois?

I don't know what you mean by I have looked at them.

Have you looked at them? Have you determined the accident
probability of each reactor?

No.

Has anyone done this?

Not that I am aware of. Maybe some of them have been

determined but certainly not all of them.
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In NUREG CR-2497, Volume 1, Precursors to Potential Severe

Core Damage Accidents, 1969 to 1979, a status report,
gives an indication that the probability of a severe core
damage accident similar to Tiree Mile Island happening
between between '69 and '7T9 was beiween 1.7 times ten to
the negative third and 4 times five miius ten to the
negative three per reactor year.

Would you consider this high or low?

Probably high.

A high estimate?

I have already testified that that was based on data I
think even before TMI happened.

I have already testified that I think since TMI
happened there have been actions taken by NRC and the
industry to make the probabilities of such accidents even
lower.

What is your general opinion of the precursor study?

I think it's a flawed methodology.

Why does ==

As covered in my testiﬁony. I will be glad to repeat it.
If -~ generally, if you could, specifically for the
public, ==

I think the methodology used is bound to give you
estimates that are too high, because they take a rare

event that happened at one reactor and not any other
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reactor and they then have a frequency of cne over 432,
which was the number of reactor years in the data set, and
they “hen create some kind of generic event tree, I am not
sure whieh reactor it's applicable to, and then fill in
the rest of the event tree by data from various sources,
such as other PRA's or LER data, and they get a number.

I think that number is virtually meaningless.

I think to uncerstand what that precursor event
means you have to take that precursor event, have 4an event
tree specifically for the reactor at which it occurred and
make an analysis of that event tree for that reactor and
then you would have a number that was meaningful.

INPO, Institute for Nuclear Power Power Operations,
did just that and got numbters very much smaller than the
precursor study; and that's a proper methodolcgy that
should be used in this event ‘n these kinds 0. analyses.
Are you ==

JUDGE SMITH: I think it would be befter if we
could finish your cross examination before lunth, unless
that is =--

MR. CAMPBELL: He has brought up the INPO study.
I would suggest that we probably break {for lunch now.

JUDGE SMITH: I would like to discuss again now
how we arrived at this point. First I go back to the

stipulation, and what the stipulation does is not Gguite as
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strong as that which the Board might have ordered. The
stipulation says that the parties agree with rgspect to
those consolidated contentions, including the issue that
we are litigating now, the non-lead Intervenor shall have
the right to non-duplicative presentation of evidence,
other than direct testimony, and the right to examination
and cross examination, briefs, proposed findings of fact,
conclusions of law.

Now, our oral admonition was a henceforth that even
with respect to non-duplicative presentation,
non-duplicative cross examination, the non-lead Intervenor
shall attempt to work his cross examination in with the
lead Intervenor, which goes beyond your stipulation; but
your representation to the Board was, when I asked you for
a cross examination plan, that, no, you could not have a
cross examination plan, because all of this is follow=on
from Mr. Thomas' cross examination.

That, really, is becoming more apparent that I
didn't understand what you were saying or something is
amiss here. Something is amiss because you have a very
substantial, non-duplicative testimony on cross
examination here, which I don't know what your ccoperation
with Mr. Thomas was, but I think at the very least you
have probably prepared cross examination in advance. You

didn't prepare that while Mr. Thomas was cross examining.
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MR. CAMPBELL: Your Honor, I have =-- I prepared
testimony -=-

JUDGE SMITH: Cross examination?

MR. CAMPBELL: == cross examination only insofar
as I was sitting here writing down questions that I felt
that Mr. Thomas did not follow-up on.

JUDGE SMITH: You had no cooperation of Mr.
Thomas before this morning?

MR. CAMPBELL: Oh, yes. We talked. We talked
about such things; but, again, it was with, you know,
working out what questions to ask; and then Mr. Levine has
been giving such good testimony that I have just been
naturally asking the questions that come up after each
time he brings in a new point.

JUDGE SMITH: The effect of which is that it's
entirely different testimony which has not been
consolidated, has not been worked out in cooperation with

the Intervenors.

MR. CAMPBELL: It is testimony or it is cross

examination questions based upon what Mr. Levine said

today.
JUDGE SMITH: Well, let's, as we continue after

lunch, bear in mind =-- did you have something else to

state?

MR. CAMPBELL: I can give you an idea over lunch
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as to what .ome of the -- you know, a short outline,
again, of where I would be going now with what Mr. Levine
brought up on certain points.

If you could wish, I can attempt to have something
typed up and presented to you and Xeroxed off.

JUDGE SMITH: That is not necessary. Maybe we
will just have a == unless yocu don't want the other
parties to know, we will just have more representation
from you.

MR. CAMPBELL: Thank you.

JUDGE SMITH: All right. We will return then at
1:30. This is a little bit longer than usual.

(Whereupon at 12:10 P. M., the hearing in
the above-entitled matter was recessed, to

reconvene at 1:30 P. M. of the same day.)
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core-melt frequency or degraded core frequency.

That's what INPO did; and I think that methodology
is far superior to the methodology used in the precursor
report, and the methodology in the precursor report, in my
opinion, is flawed.

In your opinicn, was it a thorough analysis of the
precursor study? Did it ==

The INPO Study?

Yes.

I haven't studied it in enough detail to answer that
question, but I am sure it was.

I examined both of these studies from the question
of methodology, what methodology was used in the precursor
report and what methodology was used in the INPO report,
and the two methodologies are very different.

One is flawed and one is sort of just right.
Are you familiar that the Advisory Committee on Reactor
Safeguards Subcommittee on Reliability and Probabilistic
Risk Assessments, in their March 9th meeting, discussed
the INPO Study, and that they reached a conclusion that --
almost contradictory to what you ==
No, I am not aware.

MR. RAWSON: Objection, Judge, objection.
It seems to me that question is objectionable on

several points.

SONNTAG REPORTING SERVICE, LTD.




& W N

O w 0o 9 o W

12
13
14
15
16
17
18
19
20
21
22
23
24
25

2030

MR. CAMPBELL: I withdraw the part about how it

was characterized.

JUDGE SMITH: Well, restate your whole question.

BY MR. CAMPBELL:

<

Are you familiar with the Advisory Committee on Reactor
Safeguards Subcommittee on Reliability and Probabilistic
Risk Assessment meeting on March 9th that reviewed the
INPO ==~
No; but I would have been there if I were not here.
March 9th was Monday, I believe =-- no, it was
Friday, it was Friday.
I would have been there except that I had to come
here.
Do you think that the INPO Study was slightly
over-optimistic about the ==
I think they used an appropriate methodology; and I am
sure the methodology used in the precursor report was
flawed and should have given answers that were ==
probabilities that were too high compared to reality.
This methodology, could you explain that?
I have already.
I will explain it again.
Please.
They took a rare event that happened at a single reactor,

which had a probability of 1 in 432 per reactor year, and

SONNTAG REPORTING SERVICE, LTD.




s o won

O W 0o N O wu,m

11
12
13
14
15
16
17
18
19
20
21
22
23

24
25

2031

they then took a generic event tree, which they weren't
sure was applicable to that reactor, and they then
quantified that -- an accident sequence in that event
tree, using this precursor data and some data from various
sources, such as other PRA's or LER's, and they got a
number.

That number is not particularly applicable to
anything. It's not the way to do a study like that. It's
bourid to give you answers that are too high.

Didn't the ORNL or the precursor study study the actual
number of accidents that occurred between 1969 and 19797
That's what gave them the number of 1 in 432; but those
events happened -- each event happened at one reactor and
they did not analyze its impact on that reactor. They
analyzed it on some nonexistent reactor, some generic
reactor,

They studied the number -- they studied the number of
accidents that had occurred in all different reactors?
Yes; but they found precursor events that had been, each
one, only at one reactor, and they analyzed each one of
those in some kind of generic event tree.

And your suggestion is that the INPO Study had a better
methodology?

Absolutely.

What methodology did the INPO Study use to evaluate the ==
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A For the third time, for the third time, I will tell you.

They took the rare event that was applicable to the
reactor on which it happened and they used an event tree
applicable to that reactor and they used other data
applicable to that reactor to quantify the accident
sequence.

That gives you an answer that is more likely to be
real than -- much more real than -- the answer in the
precursor report.

Q Did they use the same methodology for studying the Brown's

Ferry accident?

A I don't know.
Q Do you know what methodolcgy they used for evaluating --
A I can't talk about any one specific precursor analysis.

I am just talking about the general methodologies
used in the two studies.
Q How much time did the evaluation of the INPO Study take?
s I don't know.
MR. GALLO: Objection.
Whose evaluation?
BY MR. CAMPBELL:
Q Of the INPO -- or the INPO evaluation take?
MR. GALLO: Still the same objection.
The question has no meaning.

JUDGE SMITH: Mr. Gallo, I am sorry. I didn't
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criticisms and what his opinion of those criticisms were.
JUDGE SMITH: Okay. But how many times are you
roing to run up against this answer, the only thing he
familiarized himself with was the methodology?
Let's find out. You may answer, if you know the
answer.

I don't know.

BY MR. CAMPBELL:

~

With the ORNL or the precursor study, 14 of the precursors
used in the ORNL Report were events experienced at
Commonwealth plants -- Commonwealth Edison plants == from
1970 to 1979.

Would this indicate that the cumulative effect of
the risk would be greater because of some of these
potential precursors happening at Commonwealth Edison
plants?

The question is ==

MR. GALLO: Objection. The question is based on
facts and premises not in evidence; namely, how many
precursors happened to Commonwealth plants.

JUDGE SMITH: That seems to me to be a valid
objection.

Do you want to comment on it?

MR. CAMPBELL: I would have to submit either the

ORNL Study in as testimony or -- I mean, as evidence or =--
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JUDGE SMITIi: Well, maybe the witness knows how

many Commonwealth Edison precursor events were analyzed.

I suggest, however, that -- well, let's find out if
he knows that.

Do you know?
(Continuing.) I don't know the answer, and I think the
question is not pertinent to what we have been talking
about, because he hasn't identified -- there are a lot of
Commonwealth Edison plants, and he hasn't identified
whether they happened all at one plant or evenly
distributed among the plants or were they different types
of events or the same types of events.

JUDGE SMITH: Well, inasmuch as you don't know

the answer, the rest is not really important, is it?

BY MR. CAMPBELL:

Q

But the fact that there are potential -- or that potential
precursors have occurred at the Commonwealth Edison's
plart is important and it does bear upon == is it not? ==
and it bears upon the probability of an accident occurring
at Commonwealth Edison's --

What you and I know together in this courtroom may or may
not be important. Probably not important would be my
judgment, but I don't know.

If an accident occurs at -=-

These were not accidents. These were precursor events,
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Precursor events?

Yes.
If a precursor event occurs continually at a plant, wculd
that increase the likelihood of another event occurring
that could lead to severe core accident?
It's possible.
So, Mr. Levine, you are not familiar with any of the other
plants == or any of the other precursor =-- potential
precursor accidents at any other of the Commonwealth
Edison's plants?
That's correct.
In reading our contention, did you not question the
chances of so many -- of an accident occurring at
Commonwealth Edison's plants?
(No response.)
In reading our contention ==

JUDGE SMITH: That is DAARE/SAFE Contention 2 a?

MR. CAMPBELL: 2 a, yes.

BY MR. CAMPBELL:

The chances of an accident happening at one ==

I used my knowledge of what various PRA's have found about
the likelihood of accidents that could cause large
releases; and I think that these PRA estimates are more
competent than any estimates in the precursor report.

The precursor report talked, in the first place,
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about estimates with degraded core probabilities, not core
probabilities that would release large ' mounts of
radioactivity to the environment.

The two subjects are quite different from one
another.

How are they different?

Because a degraded core does not challenge the integrity
of the containment or many of the engineering safety
features in the plant; and, therefore, there is not likely
to be a large release of radioactivity, as in Three Mile
Island, where there was almost no release of radioactivity
from a degraded core.

You give a probability of an accident happening at Byron
or at any one of Commonwealth Edison's plants as being
very small, very small risk.

Would the fact that -- again, you can take this
hypothetically.

Would the fact that there is poor quality assurance/
quality control at the plant increase or decrease the
probability of an accident a* Byron?

MR. GALLO: Objection.,

Is this a hypothetical question or is this a premise
that -- a factual premise that is attempting to be
established?

If it's the latter, I object to the question.
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reduces the probability of acc.dents, does it not
necessarily follow then that worse quality assurance

increases the probability of accidents?

THE WITNESS: But the real question is: What is
the quality assurance at the Byron plant compared to the
quality assurance in the WASH-1400 plants.

JUDGE SMITH: It's a relative question, it's a
relative question.

THE WITNESS: And I think it's becter than in
the WASH-1400 plants because of the lapse of time and the
changing requirements.

JUDGE SMITH: All right.

THE WITNESS: I would rather answer the question
in that order, if you don't mind.

JUDGE SMITH: You will answer the question in a
form you are directed to answer it.

He is entitled to answers to his questions.

MR. GALLO: Mr. Chairman, I object to bullying
of the witness.

JULGE 3miTh: I zm not buIlying_phe“y{tness.

MR. GALLO: It sounds to me like you just were.

JUDGE SMITH: Be seated, counselor.

MR. GALLO: May I be heard?

JUDGE SMITH: Yes, you may.

MR. GALLO: All right. It seems to me, Mr.
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Chairman, that the witness was attempting to explain the
basis for his answer; and with all due respect, I believe
it was improper for you to use your tone of voice and
admonish the witness in the terms that you did. I
consider that to be bullying the witness.

JUDGE SMITH: The transcript will reflect what
has happened.

Now, let's have the question read back.

(The question was thereupon read by the
Reporter.)
JUDGE SMITH: Now, it is my view that that
question can be answered yes or no.

If you don't believe it can be, with explanation,
that's fine; but I would bring to your attention that he
is entitled to a yes or no answer,

I am very sorry, Judge.
My answer would have to be that there is an
explanation required to put that question in perspective =<
JUDGE SMITH: Yes, right.
(Continuing.) == and the answer --
JUDGE SMITH: I want you to make your
explanation.
(Continuing.) == the answer is that it might or might not
be.

Now, what are we talking about here?
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Honor.

JUDGE SMITH: I think that I -- and I will take
the blame for it. For some reason I am not explaining my
concern, my inference, drawn from your testimony
adequately.

I know that you have tried to answer questions fully
here.

THE WITNESS: I am trying to be as fully
responsive as I know how to be, Judge.

JUDGE SMITH: Proceed.

BY MR. CAMPBELL:

Mr. Levine, ao you know of or are you familiar with any
proposed modifications which may be made to the Byron
steam generators or the feedwater system which could
affect its Class 9 accident probabilistics or potential?
No, I am not aware of any.

Would the fact of a poor evacuation plan at Byron
hypothetically affect the probabilistic chances of people
dying in an accident?

By a very small amount. From a reasonable evacuation,
such as we estimate, and as I have described before, in
the CRAC and CRAC 2 models, to no evacuation, is only a
factor of two prediction in early fatalities; and that
factor of two is very small compared to the uncertainty in

such predictions.
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Am I to understand that, because of the evacuation plan
truly noc being effective and the charces of evacuating
people out of the area, the effects are very similar
whether you evacuate people or not?

MR. GALLO: Objection. The question assumes
premises not in evidence.

He made the statement that evacuation plans are

known not to be effective.

JUDGE SMITH: Sustained.

MR. CAMPBELL: Are known not to be effective,

did you say, Mr. Gallo?

BY MR. CAMPBELL:

Q

Then to understand your statement, the evacuation plan
does not lend -- is it true that the evacuation plan does
not lend itself to protecting the people?
No; it does and iiL's useful to have, but the effect is
not large.
The effect of not evacuating people is not large?
That's correct.

This is stated in WASH=-1400, it's stated in NUREG
0715.
Could you tell me why that is so?
Because the evacuations are not very efficient, but they
are worth doing.

Does the area to be evacuated increase or change the
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problems -- let me strike that.

Does the fact that the amount of people that might
be around the nuclear power plant, such as Byron, make it
more difficult to evacuate, such as in Byron there would
be more tourists down there than, let's say, at Zion, in
which you have fixed houses and people living there
continually?

There is a ==

MR. GALLO: Objection. The question is relevant
to the ability to evacuate the Zion site or the Byron
site. It is immaterial and irrelevant to Contention 2 a
that deals with cumulative effects.

In addition, the question is cumulative, in that
it's repetitious of the Chicago evacuation questions asked
by Mr. Thomas.

MR. CAMPBELL: I will withdraw that.
I don't have any further questions.
Thank you.
MR. RAWSON: Mr. Levine, my name is Richard
Rawson.
I have just a couple of items for clarification.
CROSS-EXAMINATION ON BEHALF OF
THE NUCLEAR REGULATORY COMMISSION
BY MR. RAWSON:

Do you have your prefiled testimony before you, sir?
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Yes, I do.

Can you refer to Pages 19 and 20. I would like to ask you
to focus your attention on the discussion of the emergency
core cooling system.

Yes.

Mr. Thomas asked you a question earlier about whether
Byron is unique with respect to its having the ECCS, as
described in your testimony.

Do you recall that question?

Yes, I do.
I believe your answer to that question was that
essentially all plants have that ECCS.

Do you recall that testimony?

Similar ECCS's. That is with redundancy and the like.
I wanted to understand better what you mean by the term
"essentially all plants."

Was it your intention to include all operating
plants within that class of essentially all plants which
you testified have similar ECCS systems?

Essentially all large PWR plants.

Was it your intention to include within that term, for
example, older operating plants, plants which were
licensed ==

No. That's why I used the term "large." I mean in the

neighborhood of 1,000 megawatts.
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There may be some older plants that have different

kinds of systems.
Thank you.

A few moments ago, in response to a question from
Mr. Campbell, you testified, I believe, that degraded core
does not challenge safety systems.

I said does not challenge the containment and in general
its safety systems, the containment's safety systems; and
by "challenge," I mean their ability to operate and
perform effectively.

I am still having trouble understanding what you mean by
"challenge."

Can you put that in context for me, please?

Yes. A molten core, for example, creates conditions in
the containment that can lead to challenges to containment
integrity and to fan coolers, perhaps, high pressures,
high temperatures, hydrogen burning and the like.

A degraded core is not likely to do that. It's not
likely to challenge the integrity of the containment, less
likely to =- it's less likely to challenge the integrity
of the containment.

While it might generate some hydrogen, you are not
going to start from a -- you are going to start from a low
ambient pressure in the containment, so a hydrogen burn is

of less concern and the like.
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MR. RAWSON: Very good. Thank you, sir.
That's all I have, Judge Smith. Thané you.

JUDGE COLE: Just a couple of questions, Mr.

Levine.
BOARD EXAMINATION

BY JUDGE COLE:
With respect to the Lewis Committee Report, which, it has
been said, criticized the executive summary of WASH=-1400
studies == I think that is fair to say that, isn't it,
sir?
Yes, it is.
Now, with respect to the nature of the criticism and its
manifestation -- and its implications, is it fair to say
that the major criticism of the Lewis Committee had to do
with other than the estimates that were made in the
WASH=-1400 study, but had more to do with the error bands
around the estimates?

Is that a fair general statement of the major

criticism of the Lewis Committee of the WASH-1400 study?
I think that is fair, except they did say, also, they were
unable to determine whether our central est.imates, or the
best estimates, if you will, were too high or too low; but
I think that statement depended on the fact that the error
bands were larger than we had reported.

All right, sir.
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With respect to the Three Mile Island azcident, sir,
could that =~ is that or could that be described as a
core-melt accident?

I would not so describe it, although there may have been
some small parts of the fuel that were molten at one

time, I don't really know; but in the parlance of PRA's,
when we talk about molten, a molten core, we talk about
essentially the entire core melting, the whole 100 tons of
fuel or nearly the whole 100 tons of fuel, and that surely
did not happen at TMI.

Do you know if there is any evidence of any melted fuel in
the TMI accident?

There is speculation that there may have been some central
melting of fuel rods.

I think the final answer will wait until we get some
some fuel is taken out of the reactor and examined
metallurgically. Then they will be able to determine if
melting really occurred or not or how much occurred.

If I may expand on that answer?

Let me -- yes, please do, sir.
I would just like to differentiate it.

Once again, between -- a small amount of melting is
not very significant. If you melt = few fuel rods or a
bundle, it's not very significant compared to melting most

of the core. They are very different kinds of events.
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The mclten core, for instance, will melt through the
bottom of the reactor vessel. A melted bundle doesn't go
anywhere. It just stops.

All right, sir.

Did you observe any of the films taken of the
degraded TMI core?

I saw one film that lasted about 15 minutes.
All right, sir.

When you tall. ~bout a degraded core, is this
different from a melted core, in your view? What
difference do you make between those two terms?

Yes, different; very different.

A degraded core could loosely be described as a core
whose geometry has changed significantly, tc the point
that you can't cool it very well, say, at power, or the ==
some of the fuel rods were essentially pulverized and no
longer =-=-
By "pulverized," you mean, sir, that the cladding has been
destroyed?
The cladding has been destroyed and the fuel pellets may
have broken up into small pieces; and that's clearly what
happened at Three Mile Island.
All right, sir.

So the cladding could be destroyed and the pellets

could be in pieces without having a melt, a fuel melting;
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is that correct, sir?
That is possible; yes, that is correct.
All right, sir.

Now, I want to get back to something that you
answered a large number of questions about, meihodology
and the precursor study and the INPO Study and WASH-1400.
Yes.

Sir, on Page 25 of your testimony, referring to the
precursor report, which was prepared under contract by Oak
Ridge National Laboracory for the Nuclear Regulatory
Commission, in the top portion of Page 25 you say, "The
important point, however, is that the precursor report
used generic numbers that were fed into generic event
trees.”

Later on you indicate that that is a serious flaw in
their study, and you made that point several times.

I guess I want to make sure I understand what the
words mean.

Now, the word "generic" means to me having general
applicaticn, the term generic itselif; and if you use
numbers that have general application and you feed those
numbers into event trees that have general application, I
guess I am confused, sir, as to why that wouldn't have
general application.

I guess these are terms that, I believe, the precursor

SONNTAG REPORTING SERVICE, LTD.




o (Ve Q@ =3 o wm = w n -

N n n n n b Y - — - «id -ib — b -l
= w n — o (V= o -3 N wn &= w n —

o
w

2051

report vaed; and my view is that they are not applicable
to this kind of analysis.

As I said earlier, tiom the information I have, all
the precurso: events d¢fined were unique; that is, there
were no == there weren't 10 of the same kind i precursor
event., There was a rrecursor event of a type that
occurred at one reactor, and that's what gave the
frequency of 1 in 432, because that was the number of
years -- reactor years -- in the dats base.

So with the thing Chat happened at one reactor, it
seems to me you should not take an event tree that is not
applicable to that reactor and try to quantify the meaningI
of that precursor event.

You should taxks that event that happened in that
reactor and vse an event tree applicable to that reacter
and other data applicable to that reactor to fill out the
quantification of the accident sequence.

Otherwise, you have something you are not sure what
the applicability is.

All right, sir.

So you are telling me they did not use generic event
trees?

I don't think there is such a thing as a generic event
tree that is fully applicable to all reactors. In fact, I

“now there isn't.
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All right, sir.

So if it was truly a generic number and truly a
generic event tree, would it apply?
Yes, you are right, it would apply; but it's not.
So you are saying that, then, they used ungeneric numbers
and ungeneric event trees and you just can't apply it?
That is correct, that is roughly correct, yes.
All right, sir.
I am sorry for the misterminology.
I just wanted to make sure I understcod. I heard your
answer and I understood it, but I couldn't understand the
words.
Yes.
Now, with respect to the methodology that was used in
WASH=1400 ==
Yes.
-=- the incidence that they derived and the event trees
that they used, how was that methodology different than
the precursor study and, if it was, as vou indicated
before, specific to only one plant, how can we then
apply it to other places?
That is a very good question.
That is too many questions.
No. I understand the train of thought and I think I can

keep it in mind in answering it.
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Thank you.

The event trees in the WASH-1400 were specifically for the
two reactors analyzed in WASH-1400, so they were specific
to the event. The events trees for Surry were specific to
Surry. The events trees for Peach Bottom were specific to
Peach Bottom.

To quantify the sequences that come from the event
tree, you have to define the initiating event which the

event tree starts with -- for instance, a pipe break or a

turbine trip -- and there we use data, generic data, from

many sources to get a pipe failure probability for large

LOCI of ten to the minus four per reactor year.

We, obviously, did not have data on large LOCA's in

reactors because none had happened, so we took large =-- we

took data from large pipe breaks from all kinds of plants

to get that number. We used that number, not directly

applicable, but that's the number we used.

Then in quantifying the accident sequences in the

event tree, which then consisted of system failure

probabilities, we drew fault trees for the systems in each
plant, specific fault trees for specific systems, and then
we inserted failure rate data into those fault trees that
came, again, from many sources. We had failures of
valves, failures of pumps, failures of circuit breakers

and the like.
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Much of that data was non-nuclear data. There was a

small amount of nuclear data. When we did WASH-1400, most
of it was non-nuclear data, but we used that data in those
trees and that's how we quantified our accident sequence
probabilities.

All right, sir.

Have I answered the question?

Yes.

You have indicated to me that it's highly specific
to that plant?

Yes, with some reservations about data being not directly
from that plant but from similar kinds of components.
All right, sir.

So how == could you then make it clear to me what
the difference is between what the precursor study did and
what you did in WASH-14007?

The precursor study used data from LER's that was more
than a single event in an accident sequence.

Imagine an accident sequence that has four events in
the chain. They would find an LER that covered two of
those events and use that frequency for those two events
and they would then try to characterize the prcbability of
the other two events to complete the sequence probability.

The first thing they should have done was used an

event tree that was specific to the reactor in which that
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rare event occurred, because that event had not occurred
in any other reactor, it occurred in that reactor, and
it's not clear what its number would be for another
reactor. It's not clear how much it might have changed.

Then they did not quantify the remaining steps in

the sequence for that specific reactor. They took data

from various sources, which might or might not be
applicable to that specific reactor.

Furthermore, when you quantify an accident sequence
in a specific analysis for a specific reactor, you

iterate the quantification a number of times to be sure

you have got the right numbers in the right places to get
a realistic assessment.

In the kind of methodology they used, you cannot
iterate because you can't look at the applicability of the
models you have in the accident sequence to your specific
reactor and make sure they are applicable. There is just
no way to do that.

All right, sir.

The INPO Study was -- the purpose of the INPO Study
was to respond to the precursor study, was it not, sir?
That is correct.

So it started some time after the publishing of the
precursor study, which was in June, 19827

I assume so; but I know that INPO was doing studies of
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They were planning to look at such events
themselves, so they may have done a little work
beforehand. I am not sure.
They were inspired to greater effort by the precursor
study?
I would expect so, yes.

(Laughter.)

Now, with respect to the methodology that was used in the
INPO Studv, how does that contrast with the methodology
used in the WASH-1400 study and/or the methodology used in
and the methodology used in the precursor study?
It's more akin to the WASH-1400 study, in that they found
the precursor event, which was applicable to reactor, let
me call it, No. 32.
All right, sir.
They then drew event trees applicable to that reactor and
they then modeled the remaining two events in the accident
sequence =-- and this is hypothetical example -- with
models and data specific to that plant; and that's what we
did in WASH-1400, except we didn't have any precursor
events. We just modeled them all.
All right, sir. Thank you.
On the first full paragraph on Page 25 of your

testimony, sir, you indicate that the INPO report found
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that the actual detailed plant configurations, when they
are taken into account, it generally lowers core damage
probabilities by a factor of somewhere between one=tenth
to one-thousandth.

Yes. I think there was one accident sequence, sir, where
the accident probability went higher than that in the
precursor report; but this is generally true.

All right, sir.

How does Byron fit into this? 1Is there anything
specific about that that we can say about increasing,
decreasing, core damage probabilities as regards Byron?
Where does it fit in in this range; do you know, sir?

I would say I can't answer. I don't know how to answer
that question.

There certainly has not been a precursor applicable
to Byron, because it's not operating yet. So it's very
hard to answer.

JUDGE COLE: All right, sir. I understand that.

Thank you.

JUDGE CALLIHAN: Just a couple of questions, Mr.
Levine.
BOARD EXAMINATION
BY JUDGE CALLIHAN:
There was an exchange of some duration earlier in your

appearance between you and Intervenor's counsel concerning
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information out of the Sandia National Laboratory.

It, I think, finally came to pass that some of the
reference, at any rate, had been to so-called computer
printout.

Did you not imply at that time that there has now
appeared a more formal report of that work done at Sandia?
Oh, yes, there is a Sandia Report that does not have in it
some of the information that's in the computer printout.
It does report on the same problem?

It's a report on the same work.

On the same work?
Yes.

Had the question about Byron, which, as I understood the

question at that time ~-- had that question been addressed
to the report rather than, as I recall, to the printout ==
may I interrupt myself to say -- to ask if you agree with
my remarks thus far?
Yes, I understand.
Had the question been iddressed to the report rather than
the computer printout, what answer would you have given
concerning the Byron reference?
It's very hard for me to differentiate one plant from
another in that report.

You look at the curves, thiat are the printouts of

all of those sites, it's sort of like a black mass and

SONNTAG REPORTING SERVICE, LTD.




o

O W 0 94 O v = W N -

n N N NN NN - S el mB wh  wld  alh wld ek e
wn = W NN = O 9w 0o ~N O U W NN -

2059

it's very hard to pick out one plant from another.

While it may be spelled out in other places in the
report, I did not look for that level of detail.
Thank you.

One final, very general approach.

We have in hand today the results of certain
research and analyses to which there has been considerable
reference in this session.

Where, in your opinion, do we go next or, more
specifically, what additional information or experience or
whatnot does one need to be more -- to allow a more
quantitative prediction of accidents and their effects?

If I could change one word in your question to say from
more quantitative to less uncertain predictions.

All right. I accept that. Thank you.

There are a number of areas that are of great interest.

One, we have to have better models of human factors,
the likelihood of humans making errors.

There has been already a significant improvement in
that modeling, and we hope for more improvements in the
future.

We have to know more about molten core interactions
with other kinds of things, the hydrcgen generation rates,
hydrogen distribution, although we are learning more about

that than we ever did before.
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We have to understand principally, I think, how

fission products will behave in these very severe
accidents.

It's my view that the estimates we made in
WASH-1400, which were the best we could do at that time,
are probably too large by some factor. I am not sure what
the factor is, but they are probably toco large by some
factor.

If they were too large by a factor of ten -- that
is, the largest releases estimated in WASH-1400 were too
large by a factor of ten -- then we would predict no early
fatalities from the worst accident in a reactor and we
would predict very much smaller number of latent cancer
fatalities.

If that were to happen, everybody's view of reactor
safety would change significantly.

People are working very hard now, both at
experiments and models, to try to estimate those source
terms more realistically.

There is some very recent work by Battelle-Columbus,
performed for NRC, which has indicated in many of the
sequences the numbers drop significantly, but there are a
few sequences where they have not dropped significantly,
where they are still quite large.

However, that research did not describe the accident

SONNTAG REPORTING SERVICE, LTD.




O W @ ~N O U = W NN —

BB NN R e e mh el e el wmih  wh. wml. e
Ui & W N - O v 0O N OO UM O W

2061

sequences more realistically than in WASH-1400,

They did not, for instance, re-examine the time at
which the containment would fail; and I have already
mentioned how important that is, that, if the containment
were to fail in 12 hours as opposed to 1 hour, you would
have a vastly smaller source -- a significantly smaller
source term. That hasn't been done yet. It's going to be
done.

It's my hope in the next year or two you will be
able to estimate the source term -- estimate source terms
that are somewhat smaller than they are now.

If it's a factor of ten, it would be very nice. If
it's smaller, it would be very useful.

That would reduce a lot of the uncertainty in the
current predictions that we make.

There are some other areas that are important, too.
I haven't covered all of the elements.

Did information come out of Three Mile Island that might
affect the results and interpretation of WASH-1400 and
particularly, as an example, I cite the iodine, cesium
finding; and can you comment on that, please?

Yes. It's not clear. Certainly, a lot of cesium and
iodine came out of the fuel in Three Mile Island, and very
little got out of the reactor, but the pathway from the

fuel to the containment atmosphere was through water; and,

SONNTAG REPORTING SERVICE, LTD.




= w N

O W 0o N oo wwm

1"
12
13
14
15
16
17
18
19
20

21

22
23
24
25

2062

of course, in any reactor accident, if the fission
products bubble through water that is cold, cesium and
iodide will be largely absorbed, so the cesium and iodine
ended up in the water.

Now, there are accident sequences that are
postulated in reactors where it's not clear that the
fission products will go through water.

Example. If the core melts and the sprays are not
running and the fan coolers are not running and the
containment overpressures and the containment fails very
quickly, you will get a very large release of
radioactivity. If the sprays and fan cools are running,
you will get a very small release of radioactivity. So
water is very important in the reduction of fission
product releases.

At TMI we have a measurement of how important it is,
although we always knew it was important.

There is still research going on at TMI to try to
use the data that is coming from TMI to evaluate various
codes that predict fission product behavior, and that will
be helpful.

Has any significant finding come out of the work at the
Idaho site, which is referred to as the LOFT Program?
You have got to help me for the record. Loss of

Fluid ==

SONNTAG REPORTING SERVICE, LTD.




= 0w

O w oo N o wm

12
13
14
15
16
17
18
19
20
21
22

24
e

2063

Test.
Test. Thank you.

-= that might affect the predictions of WASH=-14007
I think the major impact so far is that when we started
WASH-1400, there was some question about the efficacy of
ECCS in cooling the core. That question has gone away
completely now with the LOFT tests.

We know there is a large margin and thermohydraulic
capability of ECCS systems.

There has been very little work done on fission
products. In fact, there has been no work done on fission
product behavior in LOFT, but LOFT is now being sponsored
by a consortium of OEV countries in a three-year program,
and I am consulting to DOE in this area, and we are
currently planning fission product experiments, two
fission product experiments to be conducted in LOFT,
hopefully to get further valide ' ion of fission product
behavior codes. So more work will be coming from it.

JUDGE CALLIHAN: That is all I have; and thank
you very much.
JUDGE COLE: Just one question, Mr. Levine.
BOARD EXAMINATION
BY JUDGE COLE:
Some place in your testimony or on the witness stand you

mentioned molten core concrete interactions and some
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recent research developments in that area.

Yes.

Now, obviously, in WASH-1400 certain assumptions were made
about time for the molten core to pass through the
concrete, and the numbers that come out are as a result of
the assumptions that were made in WASH-1400.

What does the recent research tell us with respect
to the time estimates that might have been used or that
were used in WASH-1400 and what are the implications w.th
respect to the numbers?

In WASH-1400 we estimated, by an incorrect model, because
we had no data, it might take a half-a-day to a day for
the molten fuel to melt through 12 feet of concrete, which
is the base mat thickness.

Today, based on research done at Sandia, we have a
model that explains how the molten fuel and concrete
interact, and give us a rate of attack as a functiocn of
heat in the molten fuel, and the latest calculations say
it takes three or four days to penetrate the base mat.

It may be that, as we refine that model, it might
not melt through at all, because the rate at the bottom of
the 12 feet is already very, very small.

I am hoping that that will be refined in the future,
and we may be able to say someday that the core will not

penetrate the base mat, and that would be very nice,
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because it would keep this molten mass out of the
groundwater.
JUDGE COLE: All right, sir. Thank you.
BOARD EXAMINATION
BY JUDGE SMITH:
Your reference to Surry and Peach Bottom, it was a
reference to the two reactors studied in WASH-14007?
Yes, that is correct.
JUDGE SMITH: Is there any additional cross
examination based on the Board's questions?
MR. THOMAS: Yes, your Honor.
CROSS EXAMINATION
(Continuing.)
BY MR. THOMAS:
Picking up on that, in your opinion, is Surry comparable
to Byron? 1Is the reactor at Surry comparable to the
reactors at Byron?
I am not sure what you mean by "comparable."

I think there are differences in design that would
make differences in predictions of core-melt probability
and predictions of risk.

On the other hand, I believe that the
characterization of Byron risks in the FES represents a
reasonable approach and yields conservative results.

Well, my question was not about the FES.
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My question was about the ~omparison of Byron to
Surry in the sense that you have just indicated, I think,
that you don't think they are comparable; is that correct?
I think that Byron would probably have lower == I am
guessing now. I am making an educated guess that Byron
would have lower risks than Surry.

The reason it's a guess is because you don't know the
Byron design; is that correct?

It's because a PRA hasn't been done on Byron, nor do I
think one has to be done as part of a licensing process.
As I understand it, you criticize the precursor report in
part, saying that it's both generic and unique.

Can't the same criticism be made for WASH-14007?

It depends on how far down the accident sequence you are
going.

If you are going sort of halfway down, I think
that's too far.

If you are talking about individual pieces that feed
into accident sequence probabilities, I think that's all
right; and that's what we did in WASH-1400.

You gave a figure of property damage estimated by
WASH-1400, I believe, of 14 billion dollars?

At a probability of, chance of, one in a billion per year.
Yes, thank you.

But that was in 1975 dollars; is that correct?
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That was in 1972 or 1973 dollars.
1972 or 19737

Yes.

Do you have any idea what that would be in 1983 as in

5 WASH=-14007
6 A You could apply the escalation since then and get a
J i number.
8 Q I am asking you: Do you know what that is?
9 A No.
10 JUDGE SMITH: We just officially notice that
1 it's a lot. It's a substantial degree.
12 MR. THOMAS: I have no objection to that.
. 13 THE WITNESS: I should say that --
14 MR. THOMAS: Maybe a little technical but =--
15 THE WITNESS: I should say that in 1972 the
) 16 economic burden of accidents in the U S was 30 billion
17 dollars a year.

18 BY MR. THOMAS:
J 19 Q You are talking about all accidents?

20 A All accidents.

21 Q Thank you for that information.
) 22 You talk about CRAC 2.
23 Well, there was CRAC, which was used in 1400; right?

24 A Yes.

) 25 Q Is that a cancer model or how would you characterize that?
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Health effects models in both codes are identiczl, both
CRAC and CRAC 2.
What is CRAC? What would you describe that as --
CRAC is a code that takes as its input the frequency of
releases of various -- radicactive releases of various
sizes and then calculates the way in which the
radiocactivity is dispersed in the environment; how much is
deposited on the ground, how many people are exposed, the
efficacy of evacuation and predicts health effects.
I take it you agree with the CRAC model since it was used
in WASH-14007
We developed it, yes.
So you agree with it?
Yes.
Do you agree --
By the way, I think there were some weaknesses in it.

One weakness was the meteorological sampling, which
has been corrected in CRAC, and the other is, I think, a
better interpretation of the evacuatio:r data.
Do you agree with the -- with CRAC 27
Yes.
And are you aware that that was used in the Sandia Study?
Yes.

MR. GALLO: Objection, objection.

I have listened patiently to these questions on CRAC
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and CRAC 2.

It was my understanding that the further cross
examination was to be based upon the questions and answers
elicited by the Board.

If 1y recollection is correct, Mr. Thomas is now
following up on the cross examination of Mr. Campbell, who
was following up on the cross examination of Mr. Thomas,
and I don't think this further line of questioning should
be allowed.

MR. THOMAS: Judge =-=-

JUDGE SMITH: Well, the problem, Mr. Gallo, is
that sooner or later he is going to be allowed to follow
up on any cross examination or redirect examination that
affects his interests, that is otherwise reasonable.

I misstated the opportunities, because it has always
been the Board who has introduced new information; but
this is the first time it has come up in this hearing that
another party has introduced information.

So tnat is correct as far as the Board's ruling was
concerned, but the Board's ruling was wrong.

MR. T.{0MiS: Well ==

JUDGE SMITH: You may continue.

MR. THOMAS: Okay. Did you answer ==

THE WITNESS: What was the question?

BY MR. THOMAS:
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I think you answered it.
But the question was whether you were aware that
CRAC 2 was the mudel used in the Sandia Report.
A Oh, yes, yes, I was; but I do agree with the way it was
applied.
Q Thank you. You have answered the question.
Now, as I read your definition of Class 9 accidents,
which I take it is based on the NRC definition, part of

that definition is accidents beyond the design base;

right?
A Yes.
Q Now, does that include safety systems, too; in other

words, the safety systems in the design base?

A I am not sure what your question is, but let me try to
answer it anyhow.

Q Let me try to put a question which you are sure about ==

JUDGE SMITH: You ==
MR. THOMAS: I am sorry.
JUDGE SMITH: Go ahead. Continue this.

BY MR. THOMAS:

Q Well, where I am heading is that if the definition of
Class 9 is accidents beyond the design base, which
includes the safety systems in that design base, then by
definition, a Class 9 acci.ent, you know, is one beyond

the safety systems which have been designed into the
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plant; is that correct?
I don't == I guess I don't understand the question, and,
therefore, I find it very difficult to answer, I ==
All right. Don't answer a question that you don't
urderstand.

It's up to me to put a question which you can
understand.

Part of the design base is the safety systems; is th%t
correct?
Yes.
And that holds true for purposes of the definition of
Class 9 accidents?
Well, not necessarily. In Three Mile Island an accident
happened in which a relief valve stuck open and was
handled improperly and the relief valve is not in the
design basis accident parlance.

Now, it did result in a small loci, which is ==
but all the other safety features worked correctly and had
the coperators not turned them off at the wrong times and
so forth, it would have been all right.
Yes, right; but they did?
They did.
With regard to the WASH-1400, did that study contain as a
part of the study a more or less self-imposed five=-year

limit on the validity of the results?
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They did that. We were not want to extrapolate the

results beyond five years.
And that would have expired beyond October, in October of
1980; is that correct?
(Indicating.)
You have to ==
Yes.

MR. THOMAS: That is all I have, Judge.

JUDGE SMITH: Do you have questions?

MR. RAWSON: Yes, Judge, I have just one more.

CROSS EXAMINATION
(Continuing.)
BY MR. RAWSON:
Mr. Levine, a few moments ago, in response to a questicn
from Mr. Thomas, you said it was your educated guess that
Byron would have lower risks than Surry.
Do you recall that statement?

Yes, sir.
When you used the term "risk" in that answer, did you mean
a lower probability of occurrence of releases or did you
have something else in mind?
I meant really lower probabilities of occurrence.

MR. RAWSON: That is all I have, Judge. Thank
you.

JUDGE SMITH: Mr. Gallo.
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MR. GALLO: Mr., Levine, I have a series of

questions on redirect.
REDIRECT EXAMINATION ON BEHALF OF
COUNSEL FOR APPLICANT

BY MR. GALLO:
First of all, just now in answer to one of Mr. Thomas'
questions, you indicated there was a five-year limit set
forth in WASH-1400 in terms of extrapolating the results
of that document; is that correct?
Yes.
And that that five-year limit has expired; is that
correct?
Yes.
Well, does that then -- does the expiration of that limit
invalidate the use of WASH-1400 by the Staff in the FES?
Not at all.
Would you explain why not?
Yes. We -- I guess I was responsible for writing that and
I can tell you what I had in mind.

I had in mind that there would be an additional
large number of reactors operating over and above the, I
think, 27 that were operating when we did WASH-1400.
These would be of more advanced design, would have
different risks, and, therefore, to extrapolate WASH-1400

to these newer reactors would probably be too
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conservative,

On the other hand, the fact that the Staff has
re-examined and redefined a source term, generally
applicable conservative source term, based on WASH-1400
and other considerations that have happened since
WASH-1400, I feel it's still useful Lo use that source
term for FES purposes and that our limitation, our
five-year limitation, had nothing to do with the
application of WASH-1400 methods. We felt the methods
would be improved with time and they should be used in
appropriate ways.

Mr. Levine, in answer to one of Mr. Thomas' earlier
questions, he directed you to Page 4 of your testimony.

He called your attention to the use of the term,
"deterministic methodology."

I believe you answered that or -- strike that.

I believe he then asked you whether or not

deterministic methodology essentially involved engineering

opinion; and you agreed with him.
Do you recall that?

Yes.

What did you mean when you agreed with the term

"engineering opinion"?

Is such an engineering opinion a rigorous exercise?

It's not rigorous of quantitated probability estimates,
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but it has great value. Most engineering designs in this
world are accomplished on the basis of the wisdom and
engineering judgment of skilled people.

He wanted to ==~ I have the word "judgment" in my
testimony. He wanted to make it opinion. Well, you know,
informed opinion is judgment, so I had no quarrel with the
word "opinion." I think it would be wrong to denigrate
the use of engineering judgment. In fact, it's
engineering judgment that have produced reactors that
yield these very small risks to people and have put men on
the moon.

JUDGE SMITH: May I interpose a question along
that line?
MR. GALLO: 1Yes.
JUDGE SMITH: Would you prefer not?
MR. GALLO: No. Go right ahead.
BOARD EXAMINATION

BY JUDGE SMITH:

When you say we use "deterministic approach" or
"engineering judgment," instead of a "probabilistic
approach,"” don't engineers, either more or less formally,
use probablistics as a part of engineering judgment?

Yes. They make the -- they make their probabilistic
judgments unquantitatively. That is, they say for

instance, "I think in designing reactors we can design
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reactor vessels whose probability of failure is so small
that we do not have to consider it in the design basis."

Then along comes some probabilistic people who say,
"Well, we can estimate the probability that that vessel
will fail and we put it into our PRA and we find that it's
not very important." It doesn't make the risks
overwhelmingly common, and that confirms their engineering
judgment.

In the larger sense, the fact that we have now done
a significant number of PRA's on a significant number of
plants, and the risks are all quite small, confirms the
years of engineering judgment applied to the design of

reactors.

BY MR. GALLO:

-

I believe Mr. Campbell asked you a couple of questions
about the Commission policy statement that you refer to on
Page 11 of your testimony.

If I understood the testimony as elicited by Mr.
Campbell, you were agreeinrg that the Commission had
essentially disowned the use of WASH-1400 at the time of a
policy statement in 1979.

Is that a fair understanding on my part?

Not quite. He read certain quotes from that policy
statement, which I recalled as being roughly correct and I

agreed that those were from the policy statement.
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On the other hand, he didn't read other things in
the policy statement that were very important.

On Page 11 of my testimony I quote from that same
Commission statement, and I will just read it here.

"Taking due account of the reservations expressed in
the Review Group Report" -- and the review group report is

MR. THOMAS: For the record, I object. First of
all, I think they were my questions, but that's
irrelevant.

I object to him simply re-reading from his direct
testimony and I don't think =~

MR. GALLO: I will instruct the witness to
merely characterize his testimony and not just read it by
rote into the record if that will satisfy your objection.

MR. THOMAS: That is part of it.

I also didn't feel that it was within the scope of
the question and, therefore, I would object to it as
irrelevant in that sense.

MR. GALLO: Well, the question essentially
inquired as to whether or not the quotations apparently
elicited by Mr. Thomas were properly interpreted as
meaning that the Commission had invalidated or said in its
policy statement that the use of WASH=-1400C was no longer
appropriate and invalid.

He was about to =-- then he disagreed with that
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interpretation; and then I asked him to explain the basis
for that and he was about to do that by reading a quote
from Page 11 when he was interrupted, so I think it's well
within the scope of the question,

JUDGE SMITH: Not only that, but I really didn't
see anything wrong with him reading verbatim from his
direct testimony if that's the most accurate and best way
that he can do it to get it into the context of this part
of the testimony.

MR. THOMAS: Well, I guess my objection really
goes to the form of the question, becaLse he simply did
read quotes, which he said didn't take place; but I
certainly didn't characterize them the way Mr. Gallo is
characterizing them.

JUDGE SMITH: Now, that is a different
objection.

MR. THOMAS: Yes, I agree, that is a different
objection, I agree.

MR. GALLO: That objection has been waived. We
are past that question.

He is now explaining how my understanding is
incorrect.
So it's too late to object to that.
JUDGE SMITH: Well, there will be other

opportunities, perhaps; but, in the meantime, the question
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you can continue your answer; but you better --

THE WITNESS: Snail I characterize rather than
quote? I will be happy %o do either.

JUDGE SMITH: You do it the Yest way that can be
doa® accurately and succinctly.
(Continuing.) Okay. I think the Commission poligy
statement ended with the exhortation that "the Commission
supperts the extended use of probabilistic risk assesspent
in regulatory decisioamaking" and questions that one be
cauticus about the reservations expressed by Lewis.

Furthermore, sir.e that time the Commission has made
a rumber of -- tne Chairman and the Commission has made a
number of statements that show continued strong support
for the use of these Lechniques in the regulatory
decisjcnmaking.

Jne such example is a letter from the Chairman of
the Commission to Lthe Executive Director for Operations
instructing that cross benefit analyses ir FRA be used by
the Generi: Requirements Review Committee.

Another statement is in the safety goal pnolic:
paper, NUREG 08870, whi<a says there has heen both
signifi~ant progress in “he development of PRA techniques
to make [t feasible to use guantitative reactor =afety
guidciines at this time for jimited purposes.

And in cornectior with The NEPA requirement, the
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requirement for consideration of Class 9 accidents in
NEPA, the Commission again directed the use of attention
tc both probability of occurrence and consequences of
radiocactive releases in the filing of Class 9 portions of
environmental impact statements.

So what has happened since the Lewis Report, both at
the time of the Lewis Report and since the Lewis Report,
is a strong representation by the Commission to continue
to use these techniques in the best possible way to aid in
safety decisionmaking.

One can't live with 1979 statements in 1982.

BY MR. GALLO:

0

Mr. Levine, I believe you indicated in answer to one of
the questions that was asked, that evacuation measures and
techniques were not very efficient but they were useful
nonetheless.

Is that correct?
Yes.
Why doesn't that affect the risk in PRA's, such as, say,
the WASH-14007?
It did. It affected it. It caused a reduction in the
largest values predicted for early fatalities by a factor
of two.
How significant is that?

Well, if you believe the factor of two, it is significant.
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If you look at the uncertainties involved with such
predictions, where they may be off by a probability by a

factor of ten, it is not very important. You have to make

a judgment about this. I think it's important to have

good evacuation plans.

But the infirmities of evacuation, were they taken into
account in WA3SH=-14007

Yes. I described the models used in WASH-1400.

And did the Staff equally take that into account in the
FES writeup?

Yes, yes.

MR. THOMAS: Objection, objection. I don't know
how this witness has a foundation to know what Staff did
with the evacuation infirmities in terms of FES other
than, perhaps, what is printed in the FES itself.

I just don't think there is any foundation for him
to answer the question as posed.

MR. GALLO: This witness' testimony said that he
has examined and studied the Staff writeup in the FES,
beginning =- this discussion is in his direct testimony,
beginning on Page 16.

I believe that lays the foundation for him to be
able to testify with respect to what the Staff did or
didn't do with respect to evacuation models in coming up

with their risk assessments.
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MR. THOMAS: Judge, it's purely hearsay. All he
knows is what the Staff wrote on FES. The Staff could
have written, you know, grass is yellow; and <= that's not
a good example; but all he knows is what they wrote. So
to ask him what the Staff did I just don't think is
proper.

MR. GALLO: Shall I respond to that, your Honor?

JUDGE SMITH: Yes.

MR. GALLO: Well, the hearsay is not a proper
objection. The document is an official document of the
Agency and it can be relied upon by another scientific
expert for purposes of drawing his opinion.

In fact, he has been testifying about such matters
with respect to the Sandia Report, the precursor report,
and it now seems to me to be a little inconsistent that
Mr. Levine cannot comment on the FES.

So I believe the hearsay objection is simply not
well taken.

JUDGE SMITH: 1It's not hearsay, in the sense
that he is telling you what he relied upon.

MR. THOMAS: Right.

JUDGE SMITH: If the basis of -~ if the data
upon which he relied upon is not reliable, why, then, you
have another argument; but --

MR, THOMAS: Well, I think it still is heresay;
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but in that sense I suppose it's not used for the truth of
the matter asserted; but the question is what did the
Staff do. That's what the question is when it's boiled
down to.

JUDGE SMITH: There is a slight understanding.
What is your understanding of what the Staff had done, you
have no objection?

You are going to have to hear from Staff.

MR. THOMAS: I know. That is why I would like
to get the testimony from the Staff as opposed to somebody
who doesn't know what the Staff did.

MR. GALLO: That has not been establishec of the
record. I think the testimony of the witness is he does
understand the methodology and assumptions used by the
Staff, and how they dealt with the emergency and
evacuation matters seems to me is one subject that he has
knowledge with respect to and he should be entitled to
testify to it.

After all, this witness' bottom-line testimony is
that the Staff's analysis in the FES is adequate.

JUDGE SMITH: Okay. However, we are going to
then allow Mr. Thomas to examine him some more and I think
we have already digressed and we have become watered down
on this point beyond its importance, I may say.

MR. THOMAS: I agree with that.
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JUDGE SMITH: Proceed. You may answer.
A My understanding is that the Staff used the model of CRAC
that is somewhere in between the WASH-1400 CRAC and CRAC
2.

That it includes the CRAC 2 evacuation plan, I
believe, as opposed to the CRAC evacuation plan; and
that's the basis on which I endorse their findings about
the FES and the FSAR.

BY MR. GALLO:
Q Mr. Levine, I believe, in answer to one of Mr. Thomas'
questions, you indicated that you had not read the FSAR.

Is that correct?

A Yes.

Q Is reading the FSAR necessary to the preparation of your
testimony in this case?

A No. If I felt it had been, I would have read it.

I believe that what we are discussing here are
analytical methods and their meaning as opposed to
specific design details of the Byron plan.

Now, in a few cases where they were important, I
have talked about them; and I gained my knowledge of them
from the SER filed by the NRC Staff.

Q I believe you also indicated that you had not visited the
Byron site; is that correct?

A That's correct.
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And that you had not read the Byron operating procedures;

is that correct?

That is correct.

And that you had not conducted any control room analysis
or any other analyses?

That is correct.

Are all of these things necessary to your testimony?

No, they are not. Again, we are talking here about
princirally analytical methods and their validity and the
specific details of the Byron plant are not very
important.

MR. GALLO: That is all I have, your Honor.

JUDGE SMITH: Is there any additional cross
examination?

MR. THOMAS: No.

JUDGE SMITH: Anything further, Mr. Rawson?

MR. RAWSON: No.

JUDGE SMITH: Okay. Now, we just have this
remaining item, and that is that Mr. Levine is gocing to
examine the testimony when it's prepared and I think it
would be, if possible -- will you be here tomorrow?

THE WITNESS: Yes.

JUDGE SMITH: I think it would be very helpful
if he would do that as early as possible, so he would be

available to comment on any corrections that he thinks are
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necessary when this same group of people are present in
the room.

So with that we wil ask you to step down and we
will begin with the Staff's witnesses, after the afternoon
break.

(Witness excused.)
(Recess.)

JUDGE SMITH: The witnesses have been sworn.
Dr. Branagan was previously sworn.

MR. THOMAS: Judge, may I raise one point that
is on my mind before we get into the testimony of these
witnesses?

JUDGE SMITH: Yes.

MR. THOMAS: I, prior to the beginning of the
hearings, received a document from Mr. Gallo with a cover
letter indicating that it was going to the Board, which
filed a document which purportedly was a PRA regarding
Byron.

Now, it's my understanding that the Applicant does
not proceed to introduce that into evidence in this
proceeding, and that it would not be a part of the
official record, and I understand why they do it under
their interpretation of the McGuire case, I guess; and
I don't know enough about that case to object to the

filing of the document; but I just wish to make sure for

SONNTAG REPORTING SERVICE, LTD.
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purposes of the record that that, you know, material is ==
well, it's sort of in limbo. It's not part of the record
and I know the Board will not consider something which is
not into evidence; but I, you know, just wish to raise the
matter on the record, so that we can, well, just make it
of record.

JUDGE SMITH: That is very appropriate and I am
sure you are aware that the Administrative Procedure Act
and Commission's regulations require us to make our
decisions based on nothing except the evidentiary record;
and unless it somehow happens to get its way into
evidence, it will never be heard of again in this
proceeding.

MR. THOMAS: All right. As I said, I just
wanted to make a record on that before it slipped my mind.

JUDGE SMITH: Mr. Rawson.

MR. RAWSON: At this time, Judge Smith,
witnesses L. G. Hulman, Millard Wohl, Scot{ Newberry and
Dr. Edward F. Branagan, Jr., and I have supplied the
reporter with a copy of their testimony with certain
corrections and also a chart which will make it easier for

the reporter.

L. G. HULMAN
MILLARD WOHL

SONNTAG REPORTING SERVICE, LTD.
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SCOTT NEWBERRY
EDWARD F. BRANAGAN, JR.

called as witnesses by counsel for the Nuclear Regulatory
Commission, having first been duly sworn by the Chairman, was
examined and testified as follows:
DIRECT EXAMINATION

BY MR. RAWSON
Gentlemen, would you each please state your names?
(WITNESS NEWBERRY) My name is Scott Newberry.
(WITNESS HULMAN) Lewis Hulman.
(WITNESS WOHL) My name is Millard Wohl.
(WITNESS BRANAGAN) I am Edward F. Branagan, Jr.

o > » >» > D

Would you please state by whom you are employed and in
what position?

A (WITNESS NEWBERRY) I am employed by the Nuclear
Regulatory Commission, Reliability Risk and Assessment

Branch, where I am a risk analist.

A (WITNESS HULMAN) I am employed by the Nuclear Regulatory

Commission. I am Chief of the Accident Evaluation Branch.

A (WITNESS WOHL) I am a nuclear engineer in the Accident
Evaluation Branch of NRC.

A (WITNESS BRANAGAN) I am a health physicist in the
Radiological Assessment Brancn of NRC.

Q Do you have before you a copy of the testimony of L. G.

SONNTAG REPORTING SFERVICE, LTD.
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Hulman, Millard L. Wohl, Scott Newberry and Edward F.
Branagan, on League Contention 8, 62 and DAARE/SAFE
Contention 2-A?
(WITNESS NEWBERRY) Yes.
(WITNESS HULLMAN) Yes.
(WITNESS WOHL) Yes.
(WITNESS BRANAGAN. Yes.

MR. RAWSON: For the record of the Board, that
testimony consists of 22 questions, the respective
professional qualifications of the witnesses and

attachments A, B and C.

BY MR. RAWSON:

<

> >

o >

Gentlemen, were each of you responsible for the
preparation of the portions which bear your name within
the questions and answers?

(WITNESS NEWBERRY) Yes.

(WITNESS HULMAN) Yes.

(WITNESS WOHL) Yes.

(WITNESS BRANAGAN) Yes.

Are there changes or corrections to be made to the
testimony?

(WITNESS HULMAN) Yes.

Are those changes or corrections as have been marked on
the master copy given to the Court Reporter?

(WITNESS NEWBERRY) Yes.

SONNTAG REPORTING SERVICE, LTD.
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(WITNESS HULMAN) Yes.

(WITNESS WOHL) Yes.
(WITNESS BRANAGAN) Yes.

MR. RAWSON: Judge, I don't know for the
purposes of the Board if the Board desires to have the
change of substance on the record in addition to off the
record?

JUDGE SMITH: I see nothing that is gained by
that. It's in the transcript. “hat's where it belongs.
I mean it's in the testimony itself and that's where it

belongs.

BY MR. RAWSON:

Q

o > » P b

Gentlemen, with respect to the professional qualifications
attached to your testimony, are those professional
Qualifications true and correct?

(WITNESS NEWBERRY) VYes.

(WITNESS HULMAN) Yes.

(WITNESS WOHL) Yes.

(WITNESS BRANAGAN) Yes.

With the corrections that have been submitted with your
prefiled testimony, is that testimony true and correct and
do you adopt it as your testimony in this proceeding?
(WITNESS NEWBERRY) Yes.

(WITNESS HULMAN) Yes.

(WITNESS WOHL) Yes.

SONNTAG REPORTING SERVICE, LTD.
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(WITNESS BRANAGAN) Yes.

MR. RAWSON: Judge Smith, at this time we would
ask that the testimony be submitted and bound into the
transcript as if read.

MR. GALLO: No objection.

MR. THOMAS: No objection.

JUDGE SMITH: The testimony is received.

(The document referred to, the prepared
testimony of L. G. Hulman,

Millard L. Wohl, Scott Newberry and Edward
F. Branagan, J., received in evidence,

follows:)

SONNTAG REPORTING SERVICE, LTD.
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Summary

The following testimony addresses Leaque Contentions 8 and 62 and

DAARE/SAFE Contention 2a which relate generally to the subject of risk

o and accident impacts. The principal points made in the testimony are as
3 follows:
1. The Final Environmental Statement for Byron Station contains a

reasoned consideration of environmental risks from the plant,
including risks resulting from postulated accidents.

The overall assessment of environmental risk of accidents

shows that it is roughly comparable to the risk from normal
plant operation.

The probabilistic risk assessment methodology of WASH-1400 has
been used by the Staff in the preparation of the FES and is
sound for the purpnses for which used.

The Precursor Study results do not necessarily imply that
WASH-1400 estimates do not currently apply to a large class of
plants and do not invalidate those estimates with respect to
their use in the Byron FES.

Adequate protection against potential accidents has been
provided at Byron Station through the Commission's licensing
requirements and additional measures.

The possibility of cumulative doses to residents of the
I11inois area from accidents at more than one nuclear power
plant does not create undue risk to public health and safety.



In the Matter of
COMMONWEALTH EDISON COMPANY
(Byron Station, Units 1 and 2)

Qol
A.l

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

Docket Nos. 50-454
50-455

e e e e

NRC STAFF TESTIMONY N® L, G. HULMAN, MILLARD L. WOHL,
SCOTT NEWBERRY AND ENWARD F. BRANAGAN, JR. ON LEAGUE
CONTENTIONS 8 AND 62 AND DAARE/SAFE CONTENTION 2A

Please state vour names and positions with the NRC?

(Panel)

I, L. G, Hulman, am Branch Chief, Accident Evaluation Branch,
Office of Nuclear Reactor Regulation. A copy of my professional
qualifications is attached.

I, Millard L. Wohl, am a nuclear engineer in the Accident
Evaluation Branch, Office of Nuclear Reactor Regulation. A copy
of myv professional qualifications is attached.

I, Scott Newberry, am a Risk Analyst in the Reliability and Risk
Assessment Branch, 0ffice of Nuclear Reactor Regulation. A copy
of my professional qualifications is attached.

I, Edward F, Bra-.'nan, Jr,, am a Health Physicist in the
Radio1ogica1 Assessment Branch, Office of Nuclear Reactor

Requlation. A copy of my professional qualifications is attached.
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What is the purpose of your testimony?

(Panel).

The purpose of this testimony is to prﬁvide the Staff position
in response to League Contentions 8 and 62 and DAARE/SAFE
Contention 2A relating generally to Class 9 accident analysis,
(Copies of those contentions are provided as Attachment A to

this testimony.)

With respect to League Contention 8, has the risk from
operation of Byron Station been assessed by the Staff?

(Woh1, Hulman)

Yes, the Final Environmental Statement for Byron Station

(NUREG-0848), in Section 5.9.4, contains a reasoned consideration
of environmental risks from the plant, including risks resultina
from postulated accidents. That section of the FES was prepared
by the Accident Evaluation Branch and we adopt it as part of
our testimony here. Attention is given there both to the
probability of occu:;nce of radioactive releases and to the
probability of occurrence of the environmental consequences of
those releases via atmospheric and groundwater pathways, as
required by the Commission's Statement of Interim Policy, dated
June 13, 1980, on "Nuclear Power Plant Accident Considerations
Under the National Environmental Policy Act of 1969."
(Attachment B)
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A.4

Q.5

A.5

Q.6
A.€

-3

What has the Staff concluded with respect to the overall
assessment of risk of accidents at Byron Station?

(Woh1)

The overall assessment of environmental risk of accidents,
assuming protective action, shows that it is roughly
comparable to the risk from normal operation although
accidents have a potentia]A:;§1y fatalities and economic costs
that cannot arise from normal operations. The risks of early
fatality from potential accidents at the site are small in
comparison with risks of early fatality from other human

: -
activities in a compratively sized population. FES § 5.9.4.6.

In preparing the FES, did the Staff consider accident risks
that could be caused bv external natural and man-caused events
such as tornadoes, fires, earthquakes and sabotage?

(Hulman, Woh1)

Yes, but only qualitatively.

Please explain.

(Hulman, Woh1l)

In Section 5.9.4,5(2) of the FES, reference is made to natural
phennmena and sabotage, but no reference is made to other man-
caused risks such as from explosions or airplane crashes. A1l
natural and man-caused events, including fires, are referred to

by the Staff as external events.
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With respect to this case, no quantitative assessment of
accident risks from external events has been made. The only

cases for which external natural events have heen assessed in
N W

detail are for the Zion and Indian Point reactors./\For Zion,

“b

the licensee has submitted a Probabilistic Risk Assessment which

indicates external events can be significant contributors to
risk. For Indian Point, evaluations by the Staff also indicate
significant risks due to external events. By significant, we
mean that the best estimates of the additional risk from
external eve;iglue;e':%ddd tz‘;e’;; ﬁuch is about a factor of
30 higher compared to the best estimate risks from fnternal
events at Indien Point, but about 10 times the best estimate

risk from internal events at Z{ion.

In preparing the FFS for this case, the Staff made no numerical

assessment of accident risks from external events at Ryron, but

did draw upon information obtained from the Zion and Indian Point

studies for estimates in the Byron FES That 1s, the Staff's
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0.8

A.8

(Hulman, Wohl)

The Staff has Tong recoanized that the accident risks from external
events can te signifizant. In developing criteria for the design
of nuclear rower plants, the Staff has developed considerable
guidance for the treatment of the subject within design bases in
order to reduce substantially the risk from external events,
However, the current Stiff assessment of the state of the art of
consideration of external event PRA methodology is that it is not
sufficientlv mature to produce reliable absolute estimates of risk.
In other words, there are many uncertainties associated with
absolute estimates obtained using current methodology;

however, the é;timates can often vield valuable insights if

used in a relative sense. The Staff is undertaking the
development of a program plan for improving the capability of
external events PRA methodology. This plan is expected to be
completed by early summer, 1983 and is expected to be

implemented over the next 2 to 3 years. The plan is directly
related to Conmission olanning quidance presented in NUREG-0885,
Issue 2 "U.S. Nuclear Requlatory commissian Policy and Planning _

Guidance - 1983."

How does this compare with the quidance promulqated in the June
13, 1980 Statement of Interim Policy?

{Hulman, Wohl) |

We consider this responsive in view of the state-of-the-art in

quantatively assessing accident risks from external events,



Q.9

A.9

Q.10

A.10

Specifically, we conclude that external events can be contri-
butors to risk, but that the state-of-tne-art in quantifving
the 1ikelihood of such events, and associated uncertainty, {is

not well developed.

Was the methodoloov n¥ the Reictor Safety Studv, WASH-1400,
used in the preparation of Section 5.9.4 of the FES?

(Woh1)

Yes, the probabilistic risk assessment methodology of WASH-1400
was used by the Staff in the preparation of Section 5.9.4 of
the FES. Probabilistic discussion of the environmental risks
attributable éB accidents at nuclear power reactor facilities
is called for by the Commission's June 13, 1980 Statement of

Interim Policy.

Has the methodology of WASH-1400 been called into question
since publication of that document?

(Woh1)

No. The Independent Risk Assessment Review Group stated in the

Lewis Report (NUREG/CR-0400) that it was unable to determine
whether the overall core-melt probability given in WASH-1400
was high or low, and concluded that the error bands were under-
stated. It also stated that it was difficult to follow the
detailed thread of calculations through the WASH-1400.
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The group also determined, however, that the probabilistic
methodology employed was an important advance over earlier
methodologies that had been applied to reactor risk, and was
sound. It stated that the fault-tree/event tree approach,
coupled with an adequate data base, is the best available tool
with which to cuantify the accident probabilities associated
with nuclear reactors. This approach was applied to a
prototype pressurized water reactor (Surry) and led to the
establishment of probabilities for core melt accidents and
resulting release of large amounts of radioactive materials

which were used as surrogates in the Byron FES.

With respect to the findings of the WASH-1400, the Commission
has recently stated that it accepts the Review Group Report's
conclusion that "absolute values of the risks presented by
WASH-1400 should not be used uncritically either in the
regulatory process or for public policy purposes and has taken
and will continue to take steps to assure that any such use in
the past will be corrected as appropriate." Letter, dated
December 27, 1982, from Acting Chairman Ahearne to Congressman
Udall (Attachment C). The 1etth also states that "Taking due
account of the reservations expressed in the Review Group
Report and in its presentation to the Commission, the
Commission supports the extended use of probabilistic risk

assessment in requlatory decisionmaking."
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The use of probabilistic risk.assessment techniques used in
generating the estimates of environmental consequences of radio-
active releases (FES Section 5.9.4) fuif11ls the requirements
of the Commissions Statement of Interim Policy of June 13, 1980
with respect to NEPA accident review. The methods employed in
the analyses performed for the Byron Station FES based upon
WASH-1400 methodology have uncertainties assocfated with them,
These are discussed in Section 5.9.4.5(7) of the Byron Station
FES. The environmental consequences estimation in the FES
takes into account <fanificant site-specific features such as
sector-dependent population, meteoroloagy, and land fraction

data surrounding the site.

What is the Precursor Study?

(Newberry)

The "Precursor Study", or more accurately, "Precursors to
Potential Severe Core Damage Accidents: 1969-1979 A Status
Report," (NUREG/CR-2497) i: a report which presents the initial
results of a program performed at Oak Ridge National Laboratory _
and administered by the Nuclear Regulatory Commission. The
program uses operational data in Licensee Event Reports to
evaluate potential accident precursors ozcurring at operating
reactors. These precursors are then summarized to derive 2

probability for severe core damage.
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0.12 Does the Precursor Study imply that WASH-1400 estimates may
not currently apply generically to a large class of plants?
A.12 (Newberry)
The Precursor Study estimated the frequency of severe core
damage - ccidents (averaged over all domestic light water power
reactors in the decade of the 1970's) to have been between 1.7
x 10°3 and 4.5 x 1073 per reactor year. In WASH-1400, the core
melt frequency for the Surry plant (taken to represent pressurized
water reactors) was estimated to be 5 x 10™° per vear, We do
not differentiate between severe core damage and core melt in
this testimonv since analyses have not been refined to

O TENTIAL ACCI DEAT sE GuENCLS
FTe1 THos: pecrpedT  differentiate the fraction of, core melt eveats, that may,tenninatev

SEWCEICES quar
Bl vis sert sl f_at severe core damage& While this difference appears to be

substantial, it does not necessarily imply that the WASH-1400

results do not currently apply to a large class of plants.

0.13 What are the reasons for this difference in frequency
estimates?
A.13 (Newberry)

As stated in the Precursor Study, 82% of the precursor estimate
of severe accident frequency comes from three events: Three

Mile Island accident, the Browns Ferry fire and the Rancho Seco
power supply failure. These events were not explicitly addressed

in WASH-1400.
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A.14
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While WASH-1400 did treat most elements of the TMI accident, it
did not treat the possibility that the reactor operators might
misdiagnose an accident in proaress an& turn of f the safety
systems that were necessary to cool the core. This event (TMI)
is the most important of the three and it is the only actual

instance of severe core damage.

Fires were not included among the accident initiators in

WASH-1400,

The Rancho Seco event was caused by a power supply fault. A
comprehensive analysis of the fault effects and systems
interactions originating in power supplies for control and

instrumentation was nnt done in WASH-1400.

Why do these omissions in WASH-1400 no* invalidate the severe
core damage frequency estimates today with respect to their

use in the Byron FES?

(Newberry)

Since the Three Mile Island accident, regulatory requirements
have been implemented to reduce the 1ikelihond that operators
might fail to diagnose inadequate core cooling. These
requirements include training procedures and new and improved
fnstruments to aid in event diagnosis. Therefore, operator
errors of this type are less likely today than they were before

the TMI accident. In addition, the accident initiator
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(transient induced LOCA) that occurred at TMI is less 1ikely at
a Westinghouse plant 1ike Ryron because the pressurizer power
operated relief valve(s) is not 1ikely to open during

feedwater transients.

Following the Rrowns Ferrv fire, fire protection requirements
were developed in a new rule, Appendix R to 10 CFR 50. Byron is
being 4s-being eviewed against the requirements of this rule.
See SER § 9.5.1.

The Rancho Seco power supply failure was significant from the
standpoint that the power fault caused a loss of main
feedwater, affected the auxiliary feedwater controls and caused
erroneous information to be sent to the operator regarding the
need to manually initiate auxiliary feedwater or the emergency
core cooling system. Plants studied in WASH-1400 and Byron do
not appear to be as vulnerable to such faults as Rancho Seco.
Additionally, Byron will have safetv-related actuation for the
emergency feedwater system (as well as for other enaineered
safety features) so that a fault in the nonsafety-related
feedwater control system should not defeat the autostart of the
auxiliary feedwater svstem, Byron will also have safety-
related auxiliary feedwater flow indication and steam generator
Tevel indication in the control room, so that failures like
that at Rancho Seco should not impair the operator's ability to

monitor plant status.
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Loss of feedwater events were the fourth dominant contributor
to severe core damage in the precursor study. Auxiliary
feedwater system reliability was found'to be poor and no credit
was qiven for teed-and-bleed coo\ing.l/ This is a possible
source of conservatisﬁ. but there were no procedures in place
for feed and bleed cooling} and the staff has not yét made a

complete evaluation of this mode of cooiing.

WASH-1400 did not give credit for feed and bleed; however,
there is some 1ikelihood that it could be used to prevent
severe core damage. Since Three Mile Island additional
requirements H;ve been implemented on all reactor plants to
fmprove auxiliary feedwater system reliability. These
requirements and the Staff evaluation can be fou:d in Section

10.4.9 of the Byron Safety Evaluation Report.

In summary, the use of WASH-1400 core melt frequency estimates

is not invalidated by the precursor study.

Does probabilistic risk assessment provide the basis for

decisions concerning safety in the licensing of Byron Station?

"Feed and bleed" refers to a mode of core cooling in which all
feedwater (main and auxiliarv) is not available, and decay heat
removal is accomplished hv adding coo'ant inventory with the high
pressure injection system and removina decay heat energy through
the safety or relief valves.
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(Woh1)

Mo. The probabilistic risk assessment apprnach is used by
the Staff in assessing environmental impict of power reactor
operation under the June 1980 Statement of Interim Policy.
Licensing considerations have rested, znd continue to rest,
upon an applicant's compliance with the Cormission's determi-
nistic licensing criteria. Performance of a plant-specific

PRA is not » 1icensing requiremen. for Byron Station,

What is the meaning of the term "Class 9" accident or event as
used in League Contention 627

{Woh1) “

The term "Class 9" event is derived from a proposed rule
change published by the AEC in 1971. The proposed rule change,
which has now be»n withdrawn by the NRC, set forth a system of
classification of potential accidents for use in Staff NEPA
assessments, It set forth a spectrum of accidents consisting
of nine classes ranging from the most trivial to the most

severe for purposes of evaluating environmental risk.

Class 9 events wure characterized as ". . . involv(ing)

sequences of postulated successive failures more severe than
those postulated for the design basis for protective systems
and engineered safety features. Their consequences could be
severe. However, the probability of their occurrence is so

small that their environmental risk is extremely low." Defense
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ir depth, constituted by such multiple physical barriers as
fuel clad, pressure vessel and containment, is an impo-icant
desian philosophy instituted to provide and maintain the
riquired high degre¢ of assurance that the envircnmental risk

is extremely low.

Since the mitigation features of nuclear power plants have

been designed to avoid breach of containment and core melt
accidents, occurrences of these accidents involve sequences of
failures and have been designated Class 9 events. The term
“Class 9" has often been considered synonymous with accidents
involving sevére release of radioactive material to thr
environment, but such use is {mprecise since the term "Clzss ©"
s much more inclusive. Class 9 events could have radioleqical
consequences ranging from benign to severe. For example, core
damace events not involving loss of containment integrity would

have fairly limited radiological consequences.

Have there been any examples of beyond design basis, or

"Class 9" accidents?
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In considering the facts available regarding the accident at
Three Mile Island, the Staff concludedg/ that the Three Mile
Island accident *. . . involved a sequence of successive
fatlures (i.e., small break loss-of-coolant accident and
failure of emergency core cooling system) more severe than
those postulated for the design basis of the plant" and thus

Judged that the occurrence at Three Mile Island was a Class 9

On the other hand, measurements have shown that at no time
during or fo1{;w1na the accident at Three Mile Island were
the radiological consequences to the public severe.éf The
radioactive material actually released to the environment
during the accident at Three Mile Island represented a minimal

risk to the public health and safety.

What, if any, measures have been taken at Byron to protect the

public health and safety against "Class 9" accidents?

A.17 (Woh1)
accident,

00 18

2/

NRC Staff respcnse to Board Ouestion No. 4 regarding the Nccurrence
of a Class 9 Accident at Three Mile Island, in the Matter of Public
Service Electric and Gas Company, August 24, 1979,

Ad Hoc Interagency Assessment Group, "Population Dose and Health
Impact of the Accident at the Three Mile Island Nuclear Station.
NUREG-0559, May 1979,



A.18

(Woh1)

The Byron plant and its various safety systems are analytically
tested for acdequacy of performance aqainst 3 series of design-
basis events (DBE). Each of these events imposes severe
performance demands on the various safety svstems which must
function in response to such events to enable the plant design
to satisfy regulatory requirements. Each of the events is
analyzed using conservative assumptions regarding equipment
availability and performance capability which are described in
detail in the Staff's Standard Review Plan. Thus, the plant is
tested not only against a set of challenges to fts safety but
under add1t1on;1 conservative assumptions regarding plant
conditions before and during these challenges. This results in
a design capability with multiple and redundant systems for
coping with very severe performance demands, and provides
substantial protection against unforeseen events involving

multiple equipment failures and operator errors.

The Applicant is developing Emergencv Response Guidelines
which will consider multiple failure events. In addition to
the design basis events, analyses assuming various event
sequences (including multiple failures) that could occur and
fall outside of the required design envelope have been
utilized in the preparation of the emergency operating proce-
dures. This approach for the operators is a result of the

lessons learned from the TMI-2 accident. Its obiective is to
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further assure that the operator is able to respond to the

complete spectrum o€ nossible events.

A margin for overall safe response to unforeseen events s
provided by the flexibility incorporated in manv systems and in
the multiplicity of installed systems in a nuclear ~ower plant.
The plant is designed to tolerate unforeseen event sequences by
appropriate use of installed dedicated emergency safety
features and other equipment not considered in analysis of the
DBE's. For example, alternative systems configurations may be

employed or equipment may be manually actuated if automatic

logic circuits do not trigger actuation.

The source terms used in offsite radiological consequence
analyses for many of the DRE's for Byron are based on the
conservative assumptions that 100 percent of the core noble
gas inventory and 25 percent of the core fodine inventory are
available for release to the containment atmosphere. During
the TMI-2 accident, for example, analyses of air samples
indicated that a whole body dose of about 100 mrem and thvroid
dose of about 15 mrem, both very small fractions of the 10 CFR
Part 100 offsite radiological consequence guidelines, would
have been received by a hypothetical individual at the site
boundary, There is, therefore, a spectrum of severe core

damage scenarios for which it can be inferred that adequate
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radiological protection has been provided, as long as

containment integrity is maintained.

Thus, the Byron design provides protection for a wide range of
Class 9 events.

Have steps been taken since the TMI-2 accident to reduce the
1ikelihood of Class 9 events?

(Woh1)

Yes. Immediately following the TMI-2 aécident, the Staff
recognized the need for improvements. A number of bulletins
and orders were issued, followed by the systematic formulation
of a Task Acti;ﬁ Plan containing extensive recommendations
related to operator training and procedures, instrumentation,

equipment relfability, and additional hardware.

Re>iirements for licensee review of operating experience,
operational qualitv assuraace, verification of management and
technical capability, verification of capability for safety
review and operational advice, training of operators, review of _
facility procedures, review of plant maintenance capability,
requirement for shift turnover procedures, requirements related
to shift manning, requirements for an onsite safety engineering
group, systematic assessment of licensee safety programs,
requirements for a shift technical advisor all contribute to a

reduction in the probability of svstems failure and increased
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capability to take corrective actions to prevent accidents

from becoming more severe.

The effect of these changes 1s, first, to enhance the
maintenance and operation of the systems involved in each step
of identified event sequences, thus diminishing malfunction
probabilities for the components of these systems. Secondly,
they serve to upgrade significantly the ability of the
operators and the operating organization to recognize and take
the proper remedial action to cope with a malfunction should 1t
occur. There is a combined effect from improvement in both
these aspects ;n each and every step in the event sequence.
Thus, the combined impact on the overall chance for successful
safe termination of the initiating event is enhanced, and the
likelihood of event sequences leading to core melt with con-
comitant containment failure resulting in 10 CFR 100 guidelines

being exceeded is substantially reduced.

In sum, the determinictic licensing requirements, based upon
desian basis event considerations, knowledge acquired from the
TMI-2 accident, mitigative engineered safety features, multiple
barriers against post-accident release of radioactivity, and
additional measures, such as emergency operator guidelines
which allow risk-reducing human intervention in reactor acci-

dent situations provide, in the Staff's judgment, reasonable



Q.20

A.20

. =20 -

assurance that the Byron plant can be operated with no undue

risk to the public health and safety.

With respect to DAARE/SAFE Contention 2A, has the Staff
considered the potential radiological impacts of accidents at
the Byron Station?

(Woh1, Branagan)

Yes. The staff has considered the potential radiological
fmpacts on the environment of certain postulated accidents at
the Byron station. Calculated population exposures for these
events range from a small fraction of a person-rem to about
450 person-rem; for the population within 80 km (50 mi) of
the Byron station. These calculations for both individual
and population exposures indicate that the risk of incurring
any adverse health effects as a consequence of these events
fs exceedingly small., FES § 5.9.4.5(1). The staff also con-
cludes that radiation exposures from design-basis accidents
are roughly comparable to the exposures to individuals and the
population from normal station operations over the expected

1ifetime of the plant.

As stated earlier, the overall assessment of environmental risk
of accidents, assuming protective action, shows that it is
roughly comparable to the risk from normal operation although
accidents have a potential for early fatalities and economic

costs that cannot arise from normal operations. The risks of
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early fatality from potentfal accidents at the site are small
in comparison with risks of early fatality from other human
activities in a comparatively sized population. FES § 5.9.4.6.
Have accidents at nuclear power plants in the area of northern
ITinofs caused a radiological dose burden to residents in that
area?

(Woh1)

There has been no measured offsite radiological dose burden

to Northern I11inois residents due to accidents at the nuclear
power plants in Northern I11inois, either of a discrete or
cumulative natﬁre. The 1ikelihood of a severe accident
occurring at any of the nuclear power plants in Northern
IMinois is sufficiently small that the addition of the Byron
plants will not raise this 1ikelihood to a significant level,
even in the case of a hypothetical accident induced by an

external event.

Further, the 1ikelihood of more than one severe accident at
more than one plant with resultant cumulative significant
radiological consequences to residents of a specific area is
obviously much smaller. Its upper bound is the product of
three terms: 1) the already low probability of a severe
accident at one plant over its 1ifetime, 2) the simi\ar1y low
probability of a severe accident at another plant, and 3) the

probability that in each case the radiocactive plume will travel
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over the specific area of concern, such as the DeKalb-Sycamore

or Rockford areas.

Does the possibility of cumulative doses to residents of the
northern I11inois area from accidents at more than one nuclear
power plant create undue risk to public health and safety?
(Woh1)

No, for the reasons discussed in the foregoing answers to

Questions 20 and 21 relating to DAARE/SAFE Contention 2A.

Do the Precursor Studv results cause a change 16 the population
dose estimates made by the Staff in the FES?

(Woh1)

No, for the reasons discussed in the answers to questions

12-14 above.



LEWIS 6. HULMAN
PROFESSIONAL QUALIFICATIONS

1 am presently Chief of the Accident Evaluation Branch, Division of

Systems Integration, in the Offico of Nuclear Reactor Regulation. I was
formerly in the Systems Interaction Branch and previously Chief of the
Hydrology-Meteorology Branch, in the Office of Nuclear Reactor Regulation.

My formal education consists of study in Engineering at the
University of lowa where I received a BS n 1958, and an MS in
Engineering Mechanics and Hydraulics in 1967. The graduate study was
under total sponsorship of the Corps of Engineers. In addition, I have
taken post-graduate courses in structural engineering at the University
of Nebraska, coastal engineering at MIT, hydraulics and sedimentation at
Colorado State University, advanced mathematics through the University
of California and numerous management, technical and computer utilization
courses sponsored by the government. I have had courses in nuclear
engineering, hydrology, water resources, dam design, fluid mechanics,
engineering construction, soil mechanics, water supply, hydropower
development, sedimentation, geofogy. meteorology, advanced mathematics,
groundwater, coastal engineering, and hydrometeorology.

My employment with NRC (formerly AEC) dates from February 1971
primarily in the area of hydrologic engineering with both the Office of
Nuclear Reactor Regulation and with Reactor Standards, and for consultation
on siting of materials utilization facilities. Assignments were made on
both safety and environmental matters. My responsibilities in the

licensing review of nuclear facilities were in the areas of site



analysis, flood vulnerability, water supply, surface and groundwater
acceptability of effluents, severe meteorologic events and diffusfon
analyses. In addition, I participated in the development of the tech-
nical bases for safety guides and standards, and research {dentification
and analysis in these areas of interest.

1 have participated in a number of management and technical
activities beyond the general review of nuclear facilities. I was the
agency representative on the Hydrology Committee of the U.S. Water
Resources Council, the agency alternate representative on the U.S.
Geologica)l Survey Federal Advisory Committee on Water Data and have
served on several agency internal task forces. I am the Fiscal Year
1980 Chairman of the Hydrology Committee of the Water Resources Council.
Lastly, I was the Office of Nuclear Reactor Regulation representative on
the Nuclear Regulatory Commission Waste Management Review Group, an
advisory group charged with reviewing agency programming in waste
management. I have also participated on a number of task forces related
to siting, the 1icensing process and contracting practices.

From March 1980 through mid-April 1981 I was employed in private
{ndustry as a Vice President with Tetra Tech, Inc. in Pasadena, Cali-
fornia. During this period I was responsible for business development,
and for managing several contracts {nvolving varfous engineering studies
in water, including several contracts for government and industry. Of
note were studies of a nuclear power plant in Yugoslavia for the Inter-
national Atomfc Energy Agency, flood protection in the Dominican
Republic, a refinery intake in Indonesia, and hurricane risk assessments

fn Texas, North Carolina, Florida, and New Jersey.



From 1968 to 1971, 1 was a Hydraulic Engineer with the Corps of
Engineers' Hydrologic Engineering Center in Davis, Californfa. I worked
in special hydrologic engineering projects with most Corps' offices,
participaced as an instructor in training courses, and conducted
research. Special projects work included water supply systems analysis
for the Panama Canal, planning hydrologic engineering studies for water
resource development near Fairbanks, Alaska, regional water supply and
flood control studies for the northeastern U;S.. design hydropower and
water supply studies for a dam in the northeast, and flood control
studies in Mississippi.

From 1963 to 1968, I was a Supervisory Hydrzulic Engineer with the
Philadelphia District, Corps of Engineers. As Assistant Chief of the
Hydraulics Branch, I was responsible for hydrologic and hydraulic design
of multi-purpose dams, navigation projects, coastal engineering
development and special studies on hydraulic modeling of dams, inlets,
water supply, and shoaling, salt water intrusfon, and the hydraulic
effects of dredging. I acted as advisor to the District Engineer,
Philadelphia, on drought problems in the 1960's and represented him in
technical meetings of the Delaware River Basin Commission - chaired
fnteragency committee which evaluated the effects of the drought.

From 1958 to 1963, I was a Hydraulic Engineer with the Omaha
District of the Corps o Engineers. I was responsible for the hydraulic
design of flood control ¢hannels, hydraulic design of structures for
large dams and several flood control projects. 1 also received training
in hydrologic engineering, structural engineering, sedimentation, river

training studies and design, and water resource project formulation.
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1 have published in journals of the American Society of Civil
Engineers, the American Water Works Association, the Journal of Marine
Geodesy, the National Society of Professional Engineers, the American
Geophysical Unfon, and in internal technical papers and seminar
proceedings of the Corps of Engineers.

I am a registered Professional Engineer in the States of Nebraska and
California. 1 am a member of the American Socfety of Civil Engineers,
the American Meteorological Society, and the American Geophysical Union.
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MILLARD L. WOHL

PROFESSIONAL QUALIFICATIONS

. ACCIDENT EVALUATION BRANCH
DIVISION OF SYSTEMS INTEGRATION

I am employed as a nuclear engineer in the Accident Evaluation Branch, Division
of Systems Integration, U. S. Nuclear Regulatory Commission, Washington, D. C.
My duties are to conduct site and accident analyses and various other safety-

related studies for nuclear power and non-power reactor facilities.

I attended Case Western Reserve University (formerly Case Institute of Technology)
and received a B. S. degre;'in Physics in 1956. 1 received a M. £. degree in
Physics from Indiana University in 1958. 1[I did graduate work in Nuclear Engineer-
fng at Columbia University and Case Western Reserve University from 1962 through
1964, | was a teaching assistant in Physics at Indiana University from 1956 -
1958. 1 have taught physics and mathematics in the evening divisions of Baldwin-
Wallace College, the Ohio Spate University and Cuyahoga Community College from

1958 - 1973.

In 1958, I joined the NASA Lewis Research Center in Cleveland, Ohio. My initial
duties involved the writing of Monte Carlo computer codes for the determination
of radiation shielding requirements and propellant heating for proposed nuc[gar-
powered rocket designs. Other assignments involved methods development and
shielaing and nuclear safety analyses for numerous proposed mobile nuclear ve-
hicle applic;tions. Numerous technical publications evolved in the course of
this work., Additionally, during the period 1958 - 1973, ; had substantial

research contract management responsibilities.
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In 1973, 1 joined the General Atomic Company in La Jolla, California, as 2 nuclear
engineer. At General Atomic 1 performed a variety of nuclear safety-related
analyses for the High-Temperature Gas-Cooled Reactor (HTGR). These included the

anaiysis of depressurization accidents and containment integrity studies, as well

as computer code upgrading and modification.

In 1975, I joined the Accident Analysis Branch in the Division of Technical Review,
U. S. Nuclear Regulatory Cormission. My responsibilities involved site character-
istic studies and accident analyses. Presently, my responsibilities in the Accident
Evaluation Brancﬁ involve evaluation of the radiological consequences of accidents
postulated in connection wii-h safety evaluations for operating reactors, and prepar-

ation of accident risk sections of Environmental Statements.



Professional Qualifications

Scott F. Newberry

Relfability and Risk Assessment Branch
Division of Safety Technology
U.S. Nuclear Regulatory Commission

My name is Scott F. Newberry. I am employed as a Risk Analyst in the Relfability
and Risk Assessment Branch, Divisfon of Safety Technology, Office of Nuclear
Reactor Regulation, U.S. Nuclear Regulatory Commission, Washington, D.C.

- attended the United States Naval Academy, Annapolis, Maryland, and recefved
a B.S. degree in 1970. I recefved a Masters de?rce in Mechanical Engineering
from the Catholic University of America in Wash ngton, D.C. in 1980.

From 1970 to 1971 I attended the Navy Nuclear Power Trainin? Program which con-
sisted of training at the Nuclear Power Training School, Bainbridge, Maryland,
and the S3G submarine reactor prototype in West Milton, New York.

From 1972 until 1974 I worked as Engineering Officer of the Watch aboard the
USS Daniel Boone SSBN 629 (Blue), a nuclear fleet ballistic missile submarine.
My primary assignment was to serve as the ship's Main Propulsion Assistant and
Radiological Controls Officer during this period. I was responsible for the
ship's reactor coolant system and steam system propulsion machinery and the
control of all radioactive material on board.

In 1974 T qualified as Nuclear Engineering Officer in the Naval Reactors
Program.

From 1974 to 1976 I served as Weapons Officer' USS Nathan Hale SSBN 623 (GOLD).
During this perfod I was involved in the ship's precritical and power range
testing program during the nuclear refueling overhaul as a Command Duty Offi;tr.

In December 1976, I started working for the Reactor Systems Branch, Division of
Systems Safety, U.S. Nuclear Regulatory Commissfon, as a reactor engineer. 1
have reviewed construction and operating license safety analyses in the reactor
systems areas for compliance with NRC regulations. The reactor systems areas
included:

1. Structures, systems, and components to be protected from internally
generated missiles inside containments.



Overpressure protection systems and the stall'gcncrator safety valves.
Reactor coolant pressure boundary leakage detectfion systems.

Residual heat removal systems.

Reactivity control systems.

Emergency core cooling systems.

o ol N BN

Configuration and process design parameters of the reactor coolant pumps,
steam generators (PWR); reactor coolant piping.

In 1979 I joined the Three Mile Island Program Office. My responsibilit{es
included:

1. Analysis of plant conditions and proposed changes fn system design or
operation mode.

2. Review of proposed operating plans and system modifications, and procedures
to accomplish major operations such as Tong-term cooling.

3. Preparation of Technical Specifications appropriate to the plant
conditions and activities.

In October 1981 I joined the Reliability and Risk Assessment Branch. My
responsibilities include performance of reliability and risk assessment
reviews pertaining to the functional capability of nuclear power plant safety
systems, equipment and procedures needed for safe plant operation and shutdown.

A}



EDWARD F. BRANAGAN, JR.
OFFICE OF NUCLEAR REACTOR REGULATION

- PROFESSIONAL QUALIFICATIONS

From April 1979 to the present, I have been employed in the Radiological
Assessment Branch in the Office of Nuclear Reactor Regulation of the U.S.

Nuclear Regulatory Commission (NRC). As a Health Physicist with the Radiological
Assessment Branch, I am responsible for evaluating the environmental radio-
Togical impacts resulting from the operation of nuclear power reactors. In
particular, I am responsible for evaluating radfoecologica) models and health
effect models for use in reactor 1icensing.

In addition to my dutfes involving the evaluation of radiological impacts from
nuclear reactors, my dutfes in the Rzdiological Assessment Branch have fncluded
the following: (1) I managed and was the principal author of a report entitled
“Staff Review of 'Radfoecological Assessment of the Wyhl Nuclear Power Plant'*
(NUREG-0668); (2) I served as a technica) contact on an NRC contract with
Argonne National Laboratory favolving development of a computer program to
calculate health effects from radiation; (3) I served as the project manager on
an NRC contract with Idaho National Engineering Laboratory fnvolving estimated
and measured concentrations of radionuclides in the environment; (4) I served
as the project manager on an NRC contract with Lawrence Liversore Laboratory
concerning a Titerature review of values for parameters in terrestrial radio-
nuclide transport models; and (5) I served as the project manager on an NRC
contract with Oak Ridge National Laboratory concerning a statistical analysis
of dose estimates via food pathways.

From 1976 to Apri) 1979, I was employed by the NRC's Office of Nuclear Materials
Safety and Safeguards, where I was involved in project management and technical
work. I served as the project manager for the NRC in connection with the

NRC's estimation of radiation doses from radon-222 and radfum-226 releases

from uranium mi1ls, fn coordination with Oak Ridge National Laboratory which
served as the NRC contractor. As part of my work on NRC's Generic Environmental
Impact Statement on Uranium Milling (GEIS), I estimated health effects from :
uranium mi11 tailings. Upon publication of the GEIS, I presented a paper :
entitled "Health Effects of Uranfum Mining and Milling for Commercial Nuclear
Power" at a Conference on Health Implications of New Energy Technologies. - .

I received a B.A. in Physics from Catholic University in 1969, a M.A. in .
Science Teaching from Catholic University in 1970, and a Ph.D. in Radiation
Biophysics from Kansas University in 1976. While completing my colrse work

for my Ph.D., I was an instructor of Radiation Technology at Haskéll:Junfor -
College in Lawrence, Kansas. My doctoral research work was in the afea of DRA
base damage, and was supported by 2 U.S. Public Health Service trafneeship; my
doctoral dissertation was entitled "Nuclear Magnetic Resonance Spectroscopy of
Gamna-Irradiated DNA Bases.® '

I am a member of the Health Physics Society.
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Attachment A

LEAGUE CONTENTION 8

Neither C.E. nor the Staff has presented a meaningful assessment of the
risks associated with the operation of the proposed Byron nuclear
facility, contrary to the recuirements of 10 C.F.R. § 51.20(a) and

§ 51.20(d). Studies carried out by the NRC have identified accident
mechanisms, considered credible, which would lead to uncontrolable
accidents and release to the environment of appreciable fractions of a
reactor's inventory of radicactive materials. Traditionally, these
accident potentials have been downplayed or ignored on the basis of the
Rasmussen Report. However, the Lewis Committee has now called into
serfous question the entire methodology, as well as the findings and
conclusions, of the Rasmussen Report, which led the NRC to withdraw
official reliance on the Rasmussen Report, vet the Staff still reoulates
upon the validity of the basic conclusions therein. 1In addition, NRC
Staff studies, which are not common public knowledge, have cast doubt
upon numberous of the specific conclusions of the Rasmussen Report. For
example, in one secret NRC study, estimates of the "ki11ing distance"
were made, referring to the range over which lethal injuries would be
received under varying weather conditions from the releace of radioactive
material in a nuclear power plant accident. Depending upon prevailing
weather conditions, this "killing distance" was estimated to be up to
several dozen miles from the arcident-damaged reactor. Unpublished
document from Brookhaven National Laboratory, USAEC. In addition, the
Liquid Pathways Study, NUREG-0440 (February, 1978), highlights the
incomplete safety assessment currently performed by the NRC, particularly
with respect to incomplete review of all credible accident sequences., A
General Accountina Office report pertaining to that study criticizes the
MRC's “ailure to consider core-melt accidents in assessments of relative
differences in Class 9 risks. The March 7, 1978 letter from the NRC's
Mr. Case to the Commissioners (Secy-78-137$ also urges the inclusion of
core-melt considerations in site comparisons in the case of sites
involving high population density, such as Byron and the surrounding area _
in which 1ive now (or at time of proposed operation) upwards of 500,000
persons. Moreover, neither C.E. nor the NRC Staff has presented an
accurate assessment of the risks posed by operation of Byron, contrary to
the requirements of 10 C.F.R. § 51.20(a) and § 51.20(d). The decision to
issue the Byron construction permit did not, and the presently filed
analysis of C.E. and the Staff do not, consider the consequences of
so-called Class 9 accidents, particularly core meltdown with breach of
containment. These accidents were deemed to have a low probability of
occurrence. The Reactor Safety Study, WASH-1400, was an attempt to
demonstrate that the actual risk from Class 9 accidents is verv low,
However, the Commission has stated that it "does not regard as reliabie
the Reactor Safety Study's numerical estimate of the overall risk of
reactor accident." (NRC Statement of Risk Assessment and the Reactor
Safety Studv Report (WASH-1400) in Light of the Risk Assessment Review
Group Report, January 18, 1970). The withdrawal of NRC's endorsement of
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the Reactor Sfaety Study and its findings leaves no technical basis for

concluding that the actual risk is low enough to justify operation of
Byron,

LEAGUE CONTENTION 62

The design of Byron does not provide protection against so-called "Class
9" accidents. There is no basis for concluding that such accidents are
not credible. Indeed, the staff has conceded that the accident at T™MI
falls within that classification. Therefore, there is no reasonable
assurance that Byron can be operated without endangering the health and
safety of the public. See also Contention 8, supra."”

DARRE/SAFE CONTENTION 2A

"Due to the concentration of nuclear power plants already in Northern
I11inois; the Applicant's record of incidents and violations in existing
plants which have emerged since the granting of a Construction License
for Byron; and the credibility which must now be given to large scale
accident scenarios since TMI, Intervenors contend that the addition of
Byron Station operations places an undue and unfair burden of risk from
exposure to radioactive materials from accidental releases on DeKalb-Sycamore
and Rockford area residents. With the addition of two more nuclear power
units in operation at Byron, the potential for cumulative dose effects
from discrete accident events at plants in Northern I11inois under
unfavorable meteorological conditions poses an unreasonable level of risk
to the health and safety of DeKalb-Sycamore and Rockford area residents.”



precise condition of the reactor core is
pot known af this time and cannot be
known uot the containment bas been
entered and the reactor vessel bas been
opened. For this reason, it {s unrealistic
10 expect that the programmatic impact
;‘:m ' W:bnnd —s be
ing es every siep o

taken over the coming months and yeans
with their likely impacts. That the
z.l:md programmatic ststement

vitably will have gaps and will not be
& complete guide for all future actions
does not invalidate its usefulness as a

lanaing ol As more information

comes available #t will be
incorporated into the decision-
process, and where appropriate
supslements 1o the programumatic
environmestal i=past slatement will be
iszucd. As the deconlaminalion of TAG-
2 progresses the Commission will make
any new information available to the
p;glic and (o Uhe extent necessary will
also preparc scparate environmental
stalements or essessments for individual
portions of the overall clean-up effort.

The development of a programmatic
impact statement will not preciude
prompt Commission action when
needed. The Commission does
recogriize, however, that as with its
Epicor-I approval action, any sction
taken in the absence of an overall
impact statement will lead 1o arguments
that there has been an inadequate
environmental analysis, even where the
Commission's action itself is supported
by an environmental sssessmesnt As in
settling upon the scope of the
programmalic impac! statement, CEQ
can lend assistance here. For example
should the Commission before
completing i'v programmatic statement
decide that it is in the best interest of
the public bealth and safety to
decontaminate the high level waste
waler now in the containment building,
or 1o purge that building of its
radioactive gases, the ssion will
consider CEQ's advice as to the
Commission’s NEPA responsibilities.
Moreover, as stated in the Commission's
May 25 statement, any action of this
kind will not be taken until it has
undergone an environmental review,

- .and furthermore with opportunity for
public comment provided.

However, consisient with our May 28
Statement, we recognize that there may
be emecrgency situations, not now
foreseen, which should they ocour
would require rapid action. To e
extent practicable the Commission will
consult with CEQ (o these sitvations as
well

With the belp of the public’s
comments oo Jur proposals we iotend o
assure, pursuvant 1o NEPA and the
Atomic Energy Act. that the clean-up of

September 1. 1982

POLICY STATEMENTS

TM3-2 is done consistently with the
public health and safety, and with
awareness of the choices shead. We are
directing owr staff to (nzude tn the
programmatic environmental impact
z:unc;l:‘ on the decontamination and

posal of TMI-2 wastes an overall
description of the planned activities and
& schedule for their completion along
with & discussion of alternatives
considered and the rationale for choices
made. We are also directing our staff to
keep us advised of their progress in
these matters. :

45 FR 2883
Published 115/80

EPA Po ate Planning Bas!y
for Emergency Responses te Nuclear
Power Reactor Accidents

Purpose

This is & statement of policy with
regard 10 an Environmental Protection
Agency (EPA) and Nuclear Regulatory
Commission (NRC) task force report on
guidance for use in State and local
radiological emergency response plans
at nuclear power plants.

Background

The NRC received a re from the
Conference of Radiation Control
Program Directors, an organization of
State officials, to “make a determination
o!hthcch mo;t ;cvenl accident basis for -
which radiological emergency response
plans should be developed by offsite
agencies.” In response. an EPA and NRC
task force was established which

repared a report entitled

sis for the Development of State and

Local Government Radiological
Emergency Response Plans In Support of
Light Water Nuclear Power Plants,”
NUREG-0398, EPA 520/1-78-018, dated
December 1978. Single copies of the
report can be obtained by writing to the
Director, Division of T cal
Information and Document Control,
Nuclear Regulatory Commiss‘on,
Washington, D.C. 20555,
Planning Basis

The major recommendation of the
report is that Emergency P! Zones
(EPZ's) should be established around
light water nuclear power plants. The
EPZ for sirborne exposure bas a radius
of about 12 miles; the EPZ for
contaminated food has a radius of about
50 miles. Predetermined protectivé
action plans are needed for the EPZ's.
niﬁ ;udcl ‘idud‘t?d shape of each EPZ
will be decided by emergen
officials after th comriancuynp :‘mpcdﬂc
conditions at ..3 site.

The report indicates that officials may
Bave from one-half hour to several bours
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warning in which to
protective actions before a release of
radicactivity to the atmosphere.

The chemical and physical
characteristics of those radionuclides
which contribute most significantly to
buman exposure are presented.

EPA Policy

" EPA concurs in and endorses for use
the guidance contained in the task force
report. It will be EPA's policy to
incorporate its recommendations into all

ﬂAMmmmMm
State and officials. ¥

45 FR 40101
Published 6/13/80
Commaent period expires §/11/80

10 CFR Parts 50 and 51

Nuciear Power Plant Accident
Considerations Under the National
Environmental Policy Act of 1968

AGENCY: US Nuclear Regulatory
Commission

ACTION: Statement of Interim Policy.

SUMMARY: The Nuclear Regulatory
Commission [NRC) is revising its policy
for considering the more severe kinds of
very low probability accidents that are
physically possible in environmental
impact assessments required by the
National Environmental Policy Act
(NEPA). Such accidents are commonly
referred 1o as Class 9 accidents,
following an accident classification
scheme proposed by the Atomic Energy
Commission (predecessor to NRC) in
1871 for purposes of implementing
NEPA.' The March 28. 1979 accident at
Unit 2 of the Three Mile Island nuclear
plant has emphasized the need for
changes in NRC policies regarding the
considerations to be given to serious
accidents from an environmental as well
as a safety point of view. - . _ .

This statement of interim policy
announces the withdrawal of the
proposed Annex to Appendix D of 10
CFR Part 50 and the suspension of the
rulemaking proceeding that began with
the publication of that proposed Annex
on December 1, 1871. It is the
Commission's position that its
Environmental Impact Statements shall
include considerations of the site-
specific environmental impacts
attributable to accident sequences that

'Proposed as an Annex 10 10 CFR Part 50,
Appendix D. 36 FR 22851 The Commission's NEPA.-
implementing regulations were subsequently (July
18 1974) revised and recas! as 10 CFR Part 51 but ot
that time the Commission noted that “The Proposed
Annex is still under considerstion * * ** 39 FR
7S g

Attachment B



Public Document Room.

Persons with questions may call Dr.
Harry |. Watters in the Office of
Management and Program Analysis,
telephone 301-482-7721.

Writien comments or questions should
be addressed 10 the Director, Office of
Management and Program Analysts,
US. Nuclear Regulstory Commission,
Washmgton, D.C. 20555. Comments must
be received by December 10, 1878,

44 FR SN2
Published 10723770

Planning Basis for Emergency
Responses 1o Nuclear Power Reactor
Accidents

AcEncy: Muclesr Regulatory
Commission.

AcTiow: NRC Policy Statement.

Purpose

This is a statement of policy with
regard to an Environmental Protection
Agency (EPA) and Nuclear Regulatory
Commission (NRC) task force report on
guidance for use in state and local
radiological emergency response plans
at nuclear power plants.

Background

The NRC received a request from the
Conference of Radistion Control
Program Directors. an organization of
State officials. o “make s determination
of the most servere accident basis for
which radiological emergency response
plans should be developed hy offsite
agencies.” In response, an EPA and NRC
tark force was u‘.lbli:lh;d which

repared a report entitled “Planning
:a:a for the Development of State and
Local Government Radiological
Emergency Response Plans in Support of
Light Water Nuclear Power Plants.”

NUREC-0398, EPA 520/1-78-016, dated
December 1978. Single copies of the
report can be obtained by writing to the
Director, Division of T cal
Information and Document Control.
Nurlear Regulatory Commission.
Washington. D.C 20855. The task force
report was published for public
comment in the Federal Register on
December 185, 1978 and the comment
period was extended to Mey 15,1570 to
allow additional comments resulting
from the accident at Three Mile Island.
A synopsis of the comments received
and the task force conisideration of these
comments is available from the
Assistant Director for Emergency
Preparedness. Office of State Programs,
U.S. Nuclear Regulatory Commission,
Washington, P 20858,

Planning Basis

The mafor recommendation of the

/
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report is that two Emergency Planning
Zones (EPZs) should be established
around light water nuclear power plants.
The EPZ lor sirborne exposure has &
radius of about 10 miles: the EPZ for
contaminated food has a redius of about
50 miles. Predetermined ve
action plans are needed for the EPZs.
ST LT
ecide eme p
officials after they consider the specific
conditions at each site. These distances

response officials should be prepared
implement protective action. The report

cates that, depending on such
factors as the specific sequence of
events during an sccident which results
in the release of radicactivity to the
atmoshpere and the prevailing
muorologis maummuun
action may be require perbaps
one-hall hour to one day after the
intiation of the accident. Development
and periodic testing of procedures for
rapi nottﬂuti:ln'
response officials s encouraged, since
the time available for action is strongly
affected by the time consumed tn
“#ondwh ! and physical

ca

characteristics of those radionuclides
which contribute most significantly to

buman exposure are presented.

NRC Palicy

NRC concurs in and endorses for use
the guidance contained in the task force
report. In endorsing this guidance, the
Commission recognizes that it is
appropriate and prudent for emergency

ing guidance to take into

consideration the
characteristics {such as nuclides
released and distances likely to be
involved) of & spectrum of design basis
and core melt accidents. While the
Commission recognizes that the

dance may have significant response
b‘rm for many | jurisdictions, it

ieves that implementation of the
guidance (s nevetheless nudu1 to
improve emergency response planning
and preparedness around nuclear power
reactors.

The Commission [s direction i*y staff
to incorporate the planning basis
guidance into existing documents used
in the evaluation of state an local
emergency response plans to the extent
practicable. The NRC has recentl

ublishec and Advance Notice
osed Rulemaking concerning

additional regulations on cncacnq
plans, 44 FR 41434, 'l'\nu!l‘y".‘{II y 17,
1679. Additional guidance be

Ps-23

provided following this rulemaking. This
additional guidance can be expected to
midcb:wll:slengiuumndu
demography. use, and me
can influence the size an shape of the
EPZs and to address other issues, such
88 evacuation
ementation dates for full
implementation of the lask force
recommendations and any others that
are developed will be established as
mdmmmmua.m
Commission also expects the saff
10 assist state and local governments in

improving their emergency response
capabilities at existing sites in the
immediate future.

MFR 778
Published W/Z7/79

Statement of Policy and Notlice of
intent To Prepare & Programmatic
Environmental Impact Statcment

acency: US. Nuclear Regulatory
Commission. .
AcTion: Statement of Policy.

summany: The Nuclear Regulatory
Commission bas decided u:.r'pm B
programmatic environmental lmpact
statement on the decontamination and
disposal of radicactive wastes
from the March 28, 1979 accident at
Three Mile Island Unit 2 For some time
the Commission’s stafl has been
in this direction. In the Commission’s
]:;d;ucnt an ;vcnn ;26’ of .l’ho
nlamination and dispasal process

will assist the Commission in
out its regulatory responsibilities under
the Atomic En Act tp protect the
public bealth and safety as
decontamination progresses. It will also
be in keeping with tha purposes of the
National Enovironmental Policy Act to
engage the public in the Commbssion's
decision-making urrocnl. and to focus
on epvironmental issues dnd
alternatives be'ore commitments to
specific clean-up choices are made.
Additionally, in light of the
extraordinary nature of this action snd
(e expressed interest of the President's
Council on Eavironmenta! Quality in the
TMI-2 clean-up, the Commission intends
W eo:dfdma b:lu adcuon with C&Q In
particular, before determining the scope
of the programmatic environmental
impact statement the Commission will
consult with CEQ.

The Commission recognizes that there
ure still areas of uncertainty regarding
the clean-up operation. For example, the
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lead 10 releases of radiation and/or
radicactive materials, including
sequences that can result in inadequate
cooling of reactor fuel and to melting of
the reactor core. In this regard. attention
shall be given both to the probability of
occurrence of such releases and to
environmental consequences of such
releases. This statement of interim
policy is taken in coordination with
other ongoing safety-related activities
that are directly related to accident
considerations in the areas of plant
design. operational safety, siting policy,

and emergency planning. The
Commission intends to continue the

rulemaking on this matter when new
siting requirements and other safety
related requirements incorporating

accident considerations are in place.

DATES: This statement of interim policy
is effective June 13, 1880 Comment
period expires September 11, 1980.

AporessES: The Commission intends
the interim policy zm‘dcnu contuined
herein to be immediately effective.
However, all interested persons who
desire to submit written comments or
suggestions for consideration in
connection with this statement should
send them 1o the Secretary of the
Commission. U.S. Nuclear Regulatory
Commission. Washington, D.C. 20855,
Attention: Docketing and Service
Branch.

FOR FURTHER INFORMATION CONTACT:
R. Wayne Houston, Chief, Accident
Evaluation Branch Office of Nuclear
Reactor Regulation, U.S. Nuclear
Regulatory Commission, Washington,
D.C. 20555, Telephone: (301) 482-7323.

SUPPLEMENTAPY INFOAMATION:

Accident Considerations in Past NEPA
Reviews

The proposed Annex 1o Appendix D
of 10 CFR Part 50 (hereafter the
“Anriex"”) was published for comment
on December 1, 1871 by the (former)
Atomic Energy Commission. It proposed
to specify a set of standardized accident
assumptions to be used in
Environmental Reports submitted by
applicants for construction permits or
operating licenses for nuclear power
reactors. It also included a system for
classifying accidents according to &
graded scale of severity and probability
of occurrence. Nine classes of accidents
were defined, ranging from trivial to
very serious. It directed that “for each
class. excep! classes 1 and 9, the
environmental consequences shall be
evaluated as indicated.” Class 1 events
were no' to be considered because of
their irivial consequences. whereas in
regard to Class 9 events, the Annex
stated as follows: -

POLICY STATEMENTS

A footnote to the Annex stated:
Although this sanex refers to applicant's
Iavm-caull.cpom.th.::n:n

sssumplions and other provisions thereof are
applicable. except as the content ma

the rublle comment period that

followed publication of the Annex a
number of criticisms of the Annex were
received. Principal among these were
the following:
(1) The philosophy of prescribing
assumptions does not lead to objective
analysis.

(2) It failed to treat the probabilities of
accidents in any but the most general

way.

(3) No supporting analysis was given
to show that Class § accidents are
sufficiently low in probability that their
consequences in terms of environmental
risks need not be discussed.

(4) No guidance was given as to how
accident and normal releases of
radioactive effluents duﬂnr:dplmt
operation should be factored into the
cost-benefit analysis.

(5) The accident assumptions are not

erally applicable to gas cooled or
quid metal cooled reactors.

(6) Safety and environmental risks are
not essentially difTerent considerations.

Neither the Atomic Energy
Commission nor the NRC took any
further action on this rulemaking except
in 1874 when 10 CFR Part 51 was
promulgsted. Over the intervening years
the accident consideralions discussed in
Environmental Impact Statemer..s for
proposed nuclear power plants reflected
the guidance of the Annex with few
exceptions. Typicaily, the discussions of
oeci:cnl consequences through Class 8
(design basis accidents) for each case
have refllected specific site
characteristics associated with
meteorology (the dispersion of releases
of radioactive material into the
atmosphere), the actual population

Ps-25

within a 50-mile radius of the plant. and
some differences between boiling water
reactors (BWR) and pressurized water
reactors (PWR). Beyond these few
specifics, the discussions bave
reilerated the guidance of the Annex
and have relied upon the Anuex's
conclusion that the probability of

“occurrence of a Class § event is 100 low

to warrant consideration, :d conclusion
based upon generally stated safety
considerations.

With the publication of the Reactor
Safety Study (WASH-1400), in draft
form in August 1074 and final form in
October 1875, the accident discussions
in Environmental Impact Statements
began to refer 1o this first detailed study
of the risks associated with nuclear
power plant accidents, particularly
events which can lead 10 the melting of
the fuel inside a reactor.? The references
to this study were in keeping with the
intent and spirit of NEPA “10 disclose”
relevant information. but it is obvious
that WASH-1400 did not form the basis
for the conclusion expressed in the
Annex in 1871 that the probability of
::umnu of Clu::o 8 events was too

o warrant their (site-specific)
consideration under NEPA.

The Commission's stafl has, however,
identified in certain cases unique
circumstances which it felt warranted
more extensive and detailed
consideration of Class 9 events. One of
these was the proposed Clinch River
Breeder Reactor Plant (CRBRP). a liquid
metal cooled fast breeder reactor very
different from the more conventional
light water reactor plants for which the
salety experience base is much broader.
In the Final Environmental Statement
for the CRBRP,? the staff included &
discuseion of the consideration it had
given to Cluss § events.

in the early site review for the
Perryman site, the stafl performed an
informal assessment of the relative
differences in Class § accident
consequences among the alternative
sites. (SECY-78-137)

In the case of the application by
Offshore Power Systems to manufacture
floating nuclear power plants, the staff
judged that the environmental risks of
some Class § events warranted special
consideration. The special
circumsiances were the potentially
serious consequences associated with
waler (liquid) pathways leading to
radiological exposures if a molten
reactor core were 1o fall into the water

1t is of inierest that the Reacior Safety Study
never refers 10 nor uses the term “Class § sccident™
although this term is commonly used ae loosely
tquivalent to a core melt actident.

*NUREGC-0139. February 1977

September 1, 1982



body on which the plant floats. Here the
stafl emphasized its focus on risk to the
environment but did not find that the
probability of a core melt event

in the first place was
nunu’n“y any difTerent than for land-
based plant. In its Memorandum and
Order In the Matter of Offshore Power
Systems.* the Commission congurred in
the stafT's judgment. Thus, the Reactor
Safety Study and NRC experience with
these cases has served to refocus
attention on the need to reemphasize
that environmental risk entails both
probabilities and consequences, a point
that was made in the publication of the
Annex, but was not given adequate
emphasis.

In July 1877 the NRC commissioned a
Risk Assessment Review Group “to
clarify the achievements and limitations
of the Reactor Safety Study.” One of the
conclusions of this study. published in
September 1978, as NUREG/CR-0400,
“Risk Assessment Review Group Report
to the U.S. Nuclear Regulat
Commission.” was that “The Review
Group was unable 1o determine whether
the absolute probabilities of accident
sequences in WASH-1400 are high or
low, but believes that the error bounds
on those estimates are in general,

atly understated.” This and other

dings of the Review Croup have also
subsequently been referred to in
Environmental Impact Statements, along
with & reference to the Commission's
policy statement on the Reactor Safety
Study in light of the Risk Assessment
Review Group Report. published on
january 18, 1878. The Commission's
statement accepted the findings of the
Review Group, botk as 1o the Reactor
Safety Study's achievements and as to
its limitations.

A few Draft Environmental
Statements have been published
subsequent to the Three Mile Island
accident. These were for conventional
land-based light water reactor plants
and continued to reflect the past
practice with respect to accidents at
such plants, but noted that the
experience gained from the Three Mile
Island accident was not factored into
the discussion.

Our experience with past NEPA
reviews of accidents and the TMI
accident ciearly leads us to believe that
a change is needed.

Accordingly, the proposed Annex to
Appendix D of 10 CFR Part 50. published
on December 1. 1871, is hereby
withdrawn and shall not hereafter be
used by applicants nor by the staff. The
reasons for the withdrawal are as
follows:

*Docket No. STN 50437, September 14. 1078,
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POUCY STATEMENTS

1. The Annex proscribes
consideration of the kinds of accidents
(Class 9) that. according to the Reactor
::kry Study, dominate the sccident

2. The definition of Class § accidents
in the Annex is not sufficiently precise
o warrant its further use in Commission
policy, rules, and regulations. nor as »
decision criterion in agency practice.

3. The Annex's prescription of
assumptions to be used in the analysis-
of the environmental consequences of
accidents does not contribute to
objective consideration.

4. The Annex does not adequate
consideration 1o the detailed treatment
of measures taken 1o prevent and to
mitigate the consequences of accidents
in the safety review of each application.

aopstd 6o bat Adiase Shal s age?
in that x shall no
Luud.lnlﬂphathofollm
interim guidance is given for the
treatment of accident risk
considerations in NEPA reviews.

Actident Consideraticas in Future
NEPA Reviews

It is the position of the Commission
that its Environmental Impact
Statements, pursuant to Section 102(c)(i)
of the National Environmental
Act of 1968, shall include a rea
consideration of the environmental risks
(impacts) attributable to sccidents at the
particular facility or facilities within the
scope of each such statement. In the
analysis and discussion of such risks,
approximately equal attention shall be
given to the probability of occurrence of
releases and 1o the probability of
occurrence of the environmental
consequences of those releases.
Releases refer to radiation and/or
radioactive materials entering
environmental exposure pathways,
including air, water, and ground water.

Events or accident sequences that
lead to releases shall include but not be
limited to those that can reasonably be
expected to occur. In-plant accident
sequences that can lead to a spectrum of
releases shall be discussed and shall
include sequences that can result in
inadequate cooling of reactor fuel and to
melting of the reactor core. The extent to
which events arising from causes
exiernal to the plant which are
considered possible contributors to the
risk associated with the particular plant
shall also be discussed. Detailed

uantitative considerations that form

¢ basis of probabilistic estimates of
releases need not be incorporated in the
Environmental Impact Statements but
shall be referenced therein. Such
references shall include. as applicable.
reports on salety evaluations.

PS26

The environmental conseq: mces of
releases whose probability of occurence
has been estimated shall also be
discussed in probabilistic terms. Such
consequences shall be characterized in
terms of potential radiological
exposures to individuals, to tion
mﬂ.ud.wbm. licable. to biota.
o o gl i3
associated with exposures to
shall be discussed in & manner that

knowledge regarding
Socioeconomic impacts that might be
essociated with measures
during or following an sccident should
also be discussed. The environmental
risk of accidents should also be
compared to and contrasted witn
ndiolo.l.:adl risks ns:;mcd with
normal anticipated operational
releases.

In promulgating this interim guidancs,
the Commission is aware that there are
and will likely remain for some time to
come many uncertainties in the .
application of risk assessment methods,
and it expects that its Environmental
Impact Statements will identify major
uncertainties in its probabilistic
estimates. On the other hand the
Commission believes that the state of
the art is sufficiently advanced that a
beginning should now be made in the
use of these methodologies in the
mhtwy process, and that such use

represent a contructive and rational
forward step in the discharge of its
reponsibilities.

It is the intent of the Commission in
issuing this Statement of Interim Poli
that the staff will initiate treatments 3
accident considerations. in accordance
with the foregoing guidance. in its
ongoing NEPA reviews, i.e., for any
proceeding at a licensing stage where a
Final Envirr- mental Impact Statement
has not ye. _een issued. These new
treatments, which will take into account
significant site- and plant-specific
features, will result in more detailed
discussions of accident risks than in
previous environmental statements,
particularly for those related to
conventional light water plants . land-
based sites. !t is expected that these
revised treatments will lead to
conclusions regarding the environmental
risks of accidents similar to those that
would be reeched by a continuation of
current practices, particularly for cases
involving special circumstances where
Class 8 risks have been considered by
the staff. as described above. Thus, this
change in policy is not to be construed
as any lack of confidence in conclusions
regarding the environmental risks of
accidents expressed in any previously

C



o

issued Statements, nor, absent a
showing of similar special
circumstances. as a basis for opening,.
recpening. or expanding any previous or
ongoing proceeding.* ]

However, it is also the intent of the
Commission that the staff take steps to
identify additional cases thai might
warrant early consideration of either
additional features or other actions
which would prevent or mitigate the
consequences of serious sccidents.
Cases for such consideration are those
for which a Final Environmental
Statement has already been issued at
the Construction Permit stage but for
which the Operating License review
swege has not yet been reached. In
carrying out this directive. the staff
should consider relevant site features,
including J;opulntion density, associated
with accident risk in comparison to such
features at presently operating plants.
Stafl shouid also consider the likelihood
that substantive changes in plant design
features which may compensate further
for adverse site features may be more
easily incorporated in plants when
:omu-ucuon has not yet progressed very

ar.

Environmental Reports submitted by
applicants for construction permits and
for operating licenses on or after July 1,
1980 should include a discussion of the
environimenial risks associated with
accidents that follows the guidance
given herein.

Related Policy Matters Under
Consideration

In addition to its responsibilities
under NEPA, the NRC also bears
responsibility under the Atomic Energy
Act {or the pretection of the public
health and safety from the hazards
associated with the use of nuclear
energy. Pursuant to this responsibility
the Commission notes that there are
currently a number of ongoing activities
being considered by the Commission
and its staff which intimately relate to
the “Class 9 accident™ question and
which are either the subject of current
rulemaking or are candidate subjects for
rulemaking.

On December 19, 1679 the
Commission issued for public comment*®
& proposed rule which would
significantly revise its requirements in
10 CFR Part 50 for emergency planning
for nuclear power plants. One of the
considerations in this rulemaking was

* Commissioners Cllinsky and Bradford disagree
with the inclusion of the preceding two seniences.
Tbyhdlhumymnholuulymu-‘t
an even-handed reappraisal of the former,
erroneous position on Class § scadents.

‘MM rner.
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the potential consequences of Class §
accidents in a generic sense.’

In August 1978, pursuant to the
Commission’s request. a Siting Policy
Task Force made recommendations with
respect 1o possible changes in NRC
reactor siting ’poltcy and criteria.* -
currently set forth in 1¢ CFR Part 100. As
stated th::cin. s ncom:uadnthu
were made to accomplish (among
others) the following goal:

To take into consideration in siting the nsk
B i

™ esta
density and cmt:’.“

This matter is currently before the
Commission.

This and other recommendatons that
have been made as a result of the
investigations into the Three Mile Island
accident are currently being t
together by the Commission's in
the form of proposed Action Plans.®
Among other matters. these incorporate
recommendations for rulemaking related
to degraded core cooling and core melt
accidents. The Commission expects to
issue decisions on these Action Plans in
the near future. It is the Commission's

" policy and intent to devote NRC's major

resources (o matters which the
Commission believes will make existing
and future . uclear power plants safer,
and to prevent a recurrence of the kind
of accident that occurred at Three Mile
Island. In the interim. however, and
pending completion of rulemaking
activities in the areas of &

planning. siting criteria, and design and
operational safety, all of which involve
considerations of serious accident
potential. the Commission finds it
essential to improve its procedures for
describing and disclosing to the public
the basis for arriving at conclusions
regarding the environmental risks due to
accidents at nuclear power plaits. On
completion of the rulemaking a.tivities
in these areas. and based also upon the
experience gained with this statement of
interim policy and guidance, the
Commission intends to pursue possible
changes or additions to 10 CFR Part 51
1o codify its position on the role of
accident risks under NEPA.

——
' CL NUREC-098. “Planning Basi- for the
Devaiopment of State and Local Government

| Emergency Response Plans in Support

of Light Waier Nuclear Power Plants.” November

L g 8

*NUREC-0825. “Report of the Siting Policy Task
Forea.™ August 1979

*Draft NUREC-0680. “Action Plans for
Impi, g R dations of the Pr
Commission and Other Studies of the T™MI=2
Accident.” Decemier 10, 1979,

e
L]
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mnummwaﬂdw
until the sssessment of the TND
oﬁdulhdbennhmny
compiete rehenstve

comp
improvements i both the operation end
regulation of nuclear power plants had
e R
[ on May 30, 1978,
Nuclear Regulatory Commi
to issue poli dressing
neral pﬂngp es for reaching licensing
sions ‘nnd to provide mﬁkl ,
guidance for near-term opersting license
cases.” In November 1678, the Nuclesr
tory Commission issued the
icy guidance In the form of an
m?d:mt.t: 10 CFR Pnn:z of its
regulations,” describi approach to
be taken by the Con::mla
licensing of power reactory. In
particular, the Commission noted that it
T T
guidance on changes in tory
policies.” The Commission has now
acted on three operating licenses. has
§iven extensive consideration to issues
arising as a result of ‘he Three Mile
Island accident. and is able to provide
general guidance.
Following the accident at Three Mile
Island 2. the President established s
'uiz: to make recommendations
regarding changes necessary to improve
nuclear safety. In May 1979, the Nuclear
Regulatory Commiusion established a
Lessons Learned Task Force.to

determine what sctions were required
for new :pcrs‘uu l.im and

chartered a Speca Inquiry Group ts
examine all facets of the accident and
its causes. These groups bave published

——
'Alknmnhhmmd’*ya".
ol end of 1ext
Sl Req Discussion of Opuons
Regarding Delerral of Licenmes.” memorandum from
l-mtcu.mm.qu-v,c.-n.
luutmb-mbrounmluya.m
';wdwm L1764 and St erament of
1ey on Conduct of Adyudeca -
ﬂmmwliﬂl‘. W T—
““Levsons Learmed from THE-2 Accidenl.” Rager
Matison 1o NRR stafl Mey 1. 1978

September 1, 1982



- o, UNITED STATES EINARE S5
X d NUCLEAR REGULATORY COMMISSION . SN B
£ P . - WASHINGTON, D, C. 20558 ;
= | -
5/ M o
._ P _ December 27, 1982
IRLLAN . - i .

. The Honorzble Morris K. Udall

Chairran, Committee on Interior -
and Insular Affairs
U.S. House of Representatives

Washington, D.C. 20515

1 ‘

Dear Wr. ;hairman:'

Your letter to me dated October 1, 1282 cited Mr. Bender's recent comments
concerning the use of probabilistic risk assessment (PRA) and asked for 2n-
swers to three questions. Before responding to your questions, I would 11ké
to comment on the statements made in your letter, o '

1 would first 1ike to note that the section you have quoted from the Jenuary"
18, 1979, Commission's statement on the use of risk assessment is substantially
less than the Commission's, response to the Lewis Committee Review. A few '
additional quotes will serve to amplify this. The Commission commsnted on

the findings of the Lewis Report and said: g

"The Commission acéepts these findings and takes the following
actions: : S

Accident Probabilities: The Commission accepts the Review Group ‘oL
Feport's cnnclusion that absolute values of the risks presented .
by WASH 1400 should not be used uncritically either in the regu-
‘latory process or for public policy purposes and has taken and

will continue to take steps to assure that any such use in the

past will be corrected 2s appropriate. In particular, in light
of the Review Group conclusions on accident prodabilities, the
Conmission does not regard as reliable the Reactor Safety Study's
numerical estimate of the overall risk of reactor accident.

With respect to the component parts of the Study, the Conmission '’

excects the staff to make use of them as appropriate, thit is,

where the data base {s adequate and anmalytical technigques perait.

tking due account of the reservations expressed in the Re
7nd n 1ts presentation to the Commiss

Ccanissfon suppor

in regulatory decisionmaking."

The Co=wissfon also approved 2 directive which was sent from the Secretary of
the Cornission to the Executive Director for Operations on January 18, 1978.

" Some sections are particularly germa2ne to answering your questions:

Attachﬁént (o
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- ® sige

. “Quantitative risk assessment techniques and results ¢an be used in
the licensing process if proper consideration s given to the '
results of the Review Group. The staff should use the following
- procedures regarding the us: of quentitative risk assessment techniques
‘ and results pending development of further guidance: ]

-

Quantitative risk assessment techniques may be used to estirate the
relative importance of potential nuclear power plant accident
sequences or other features where sufficient similarity exists so 4
;hat ;he comparisons are not invalidated by lack of an sdequate

ata' base.....

The quantitative estimates of event probabilities in the .S§ should

not be used as the principal basis for any regulatory decisicn.

However, these estimates may be used for relative comparisons of
alternative designs or requirements provided that explicit considerations
are given to the criticisms of those estimates as set forth in the

Report of the Risk Assessment Review Group.

The RSS consequence model shall-not be used as the basis for licensing
decisions regarding individual nuclear power plant sites until

' - significant refinements and sensitivity tests are accomplished.

' . However, the consequence model may be used for relative comparisons
provided that such estimates are not the primary basis for such
reviews and provided that explicit consideration is given to the
criticisms of the various elements of that model 25 set forth in
the Report of the Risk Assessment Review Group.®

The Commission went on in this memo to direct tﬁe staff tc expand its >
- use of probabilistic risk assessment: B

“The staff shall give special attention to those activities icentified
by the Review Group as being especially amenable to risk 2ssessment,
i.e., dealing with generic safety issues, formulating new regulatory
requirements, assessing and re-validating existing regulatory
requirements, evaluating new designs, and formulating reactor

safety research and inspection priorities.”

Given the content of the Commission's statement on the Lewis Peport and
the directive to the Executive Director for Operationt, the Commission £
- @ believes that it holds, essentially the same position on the use of PR . :
' now 2s it had on Januzry 18, 1978. -

With regard to Mr. Bender's réemarks appended to the September 15, 1982 .
. ACRS letter, we agree with Hr. Bender that there are large uncertzinties

in the quantitative assessments of risk from nuclear power plant 2ccidents.

These uncertainties arise from several areas, including: (1) inzdeguacies
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in the data bese; (2) incomplete present knowledge of coie melt phenomena,
{n-plant fission product transport, and contzinment performance; (2) the -
effact of unidentified systems interactions; (4) difficulties in quantitatively
modeling human behavior; and (5) large uncertainties in the risk from
external initiators. However, we belfeve fhat the data base is not es
poor as implied by Mr. Bender; there are programs underway to develop a

@ eiter understanding of core melt phenomena, centainment performance,

and fission product transport, and to improve ihe probabilistic assessment
of external events.

Comnissioner Gilinsky adds: '

"My own vfews on thé usefulness and the limitations of ’'probabilistic
risk assessment' and its use in the Reactor Safety Study are still
pretty much 2s expre-sed in the (unanimously adopted) Commission si:tement
of January 18, 1979. 1 am not at all in agreement with the current
Cornission's increasing tendency to view probabilistic risk assessment
together with & guantitative ‘safety goal' as a shortcut to regulatory
decisionmaking. 1 am particularly concerned about resort to these cal- -
culational techniques in combination with sparse data to explain awzy -
. the reed for the traditional independent safety barriers which have been
chosen on the basis of experience and engineering judgment. 1 have the
impression that Mr. Bender and‘l are in philosophical agreement on these
points. To cite one example that 1 find especially telling on the
paucity of equipment reliability data, it was not until Jast year that
full-scele tests were rurd on the large salety valves used to protect
against excessive pressures in reactor coolant systems. And even these

tests did not cover the full range of conditions to which such valves
"might be subject.” .

The majority of the Commissioners do not agree with his statement that , . ? -
the Comission is tending “to view probabilistic risk assessment tocgether .
.with a quantitative 'safety goal' 25 a shortcut to regulatory decisionmaking.*®

Comnissioner Asselstine adds:

"Since 1 did not participate in the development of the Comnission's view
on the usefulness of the PRA methodology as given in the January 18,

1979 siaterant, 1 defer to my colleagues 2s to whether there has been a
change in that view since then. I do believe that, with this Comission's
consiceration of a saféty goal containing quantitative benchmarks for
judging an acceptable level of risk, there s necessarily a greater
emphasis on the use of the PRA methodology than would otherwise exist.
Beczuse of the wide spectrum of expert views on the 2bily s of the PRA
methodology to provicer relizble estimates of the risk associated with

the operation of nuclear reactors, 1 believe the besis for safety rmust
¢intinue to depend on compliance with our regulations and on the judgment
¥

¢f responsible individuals. On the latter, judgment is aided significantly




. ..T.T.e no%;rame .'.,g.'r'sa.s:.' Ve il .- -s- A . {:. e ) a:

. through systematic reviews and cereful analyses of available information. ’
1 believe the PRA methodology has & role to play here, provided that the
Cormission adheres to its view of Janvery 18, 1979, and provided that

@:he concerns expressed by Mr. Bender and others are properly accounted for.®

1 trust that this has been responsive to your concerns.
' ® . . " Sincerely,

; . ' 'Orisina181;noe!7
) . . : Jora ¥, Abearae
. . John F. Ahearne
% : Acting
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MR. RAWSON: The witnesses are available for
cross examination.

MR. THOMAS: Judge, I would indicate that the
outline of the cross examination would be essentially the
same as that of Dr. Levine, supplemented by some
additional questions which I submit to the Board at this
time. It will follow the same general parameters.

CROSS EXAMINATION BY COUNSEL FOR

INTERVENOR ROCKFORD LEAGUE OF WOMEN

VOTERS

BY MR. THOMAS:

I guess this question would be addressed to Mr. Wohl and °
Mr. Hulman. I forget who is who.

(WITNESS HULMAN) I am Mr. Hulman.

Okay. ©On Pags 2, Answer 3, you refer tec the FES for
Byron, specifically 5.9.4, and you indicate that it
contains a recent consideration of environmental risks and
that you adopt it as part of your testimony.

Does your testimony still stand in light of the
letter from Mr. Tramm to Mr. Denton that's been referred
to earlier in this proceeding? Are you familiar with that
letter?

(WITNESS HULMAN) Are you referring to the letter which
transmitted the so-called mini-PRA?

No. I am referring to the letter which -- for =--
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MR. GALLO: May I?
MR. THOMAS: Do you have an extra copy? Thank
you.
MR. GALLO: Okay.
MR. THOMAS: 1It's the letter dated March 11th --
JUDGE CALLIHAN: 1983.
MR. THOMAS: -~ 1983.
Can I discusses higher transmissivity values than
were previously calculated?
(WITNESS HULMAN) I am familiar with the letter.
Would you please repeat your question?

MR. THOMAS: Certainly.

BY MR. THOMAS:

Q

Does the fact that the transmissivity values should be of
an order of magnitude higher, 2s indicated in the letter,
and th~* the liquid pathway calculations are being
recalculated, do you still stand by your testimony in
Answer 37

(WITNESS HULMAN) I believe we stand by all our testimony
except that portion of the FES which specifically
addresses the liquid pathways, starting on Page 5-56,
subparagraph pren 5 close pren, called, "releases to
ground water."

All right.

(WITNESS HULMAN) That is, everything having to do with
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the atmospheric pathway we would stand by.

Okay. This section, releases to ground water, covers
5-56, 57,58, and approximately half of 59; is that right?
(WITNESS HULMAN) That's correct.

Are you withdrawing that as part of your testimony, those
pages I mentivned, or =--

(WLTNESS HULMAN) No, sir. We are saying that the
question of whether that particular section is still valid
must await a re-assessment of the information provided by
the Applicant.

All right.

(WITNESS HULMAN) And we are not the Staff people that are
responsible for that re-evaluation directly.

We only have the supervisory responsibility for
seeing to it that that pathway is discussed and comparing
the conclusions from the liquid pathway with the
atmospheric pathway.

Okay. Isn't it true that the liquid pathway calculations
are interrelated with other calculations in the FES?
(WITNESS HULMAN) Yes.

And, therefore, a recalculation of the liquid pathway
calculations is necessarily going to affect other portions
of the FES; right?

(WITNESS HULMAN) Not necessarily.

But there is that possibility?

SONNTAG REPORTING SERVICE, LTD.
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(WITNESS HULMAN) Yes.

Depending on what those recalculations turn out to be?
(WITNESS HULMAN) That is correct.

So then there is a possibility that other portions of your
or of the FES would be changed, depending upon the liquid
pathway recalculations?

(WITNESS HULMAN) My understanding is there would only be
one other section that would be impacted.

What is that?

(WITNESS HULMAN) That would be the possibility that the
section called, "Risk Considerations, pren 6 close pren,"
starting on Page 5-59, might be affected; but that would
be speculation.

Well, it's speculation either way at this point, isn't it?
(WITNESS HULMAN) Possibly speculation. There has been
some Staff experience with this subject matter, which
would indicate that if history is any precedent for what
is happening now with this subject, it's doubtful that the
conclusions would change.

Now, when you say "risk considerations," are you referring
to Pages 5-59 through 5-65 as being an area that would
possibly change? Does that include the charts in there,
also?

(WITNESS HULMAN) That doe not include the charts, but it

does include the possibility of the text being changed.
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JUDGE SMITH: If this discussion is going to go
on much, I think the Board ought to get their copies. We
don't have it.

Would you recommend that?

MR. THOMAS: I would, I would; because I had
planned to ask some questions based on the FES, so it
would probably be =-

JUDGE SMITH: It will just be a few minutes to
get our copies.

MR. RAWSON: Judge Smith, we have additional
copies if that turns out to be necessary.

JUDGE SMITH: Thanks.

(Recess.)

JUDGE SMITH: Would you give us a page
reference?

MR. THOMAS: 5-59, Judge.

Actually, we have spoken of 5«56 through 5-59, which
covers the ground water; and right now we were addressing
the risk considerations that begin on 5-59 and go through
5-65, although the witness has indicated that the charts,
the charts would not be affected, only the text possibly.

May I proceed?

JUDGE SMITH: Yes.

BY MR. THOMAS:

Q

Can you state any parameters as to when changes in the

SONNTAG REPORTING SERVICE, LTD.
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sections that you have indicated -- possible changes in
the sections that you have indicated -- might be record?
(WITNESS HULMAN) It depends on what the outcome of the
Staff's assessment of what the Applicant has said with
respect to the parameters he now wishes to change.

If the Staff assessment shows little or no
difference in conclusions, there may be no need to alter
the text.

If it shows significant conclusions, it may very
well require some significant changes.

Are you able to indicate some parameters of the magnitude
of recalculation which would result in changes, or is that
beyond -- or is that impossible to predict?

Do you understand the question?

(WITNESS HULMAN) Not really.

Would you restate it?
Yes.

Is it possible to -- well, strike that.

Is it possible for you to indicate which portions of
risk conside~ations might change and which portions of the
text might change and which would stand?

In other words, are there certain paragraphs that
might be affected and others that would not?

(WITNESS HULMAN) I think it would be easier if I were to

attempt to characterize what might happen if the Staff
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assessment of the liquid pathway were to indicate a

significant change in conclusion with respect to risk.
Okay. What would happen in that event?

(WITNESS HULMAN) The judgment of total risk would change.
The FES is presently written with the conclusion that the
atmospheric pathway dominates tne risk.

If assessment of the liquid pathway indicates that
it could also be significant, estimates of total risk
could go up. However, I note that in virtually every case
for which the liquid pathway has been considered, with one
exception, to my knowledge, there has not been a single
instance where liquid pathway risk considerations have
been significant, including the kind of interdiction that
we would normally anticipate.

What is the exception?

(WITNESS HULMAN) The exception was the floating nuclear
power plant for which the original subject of the liquid
pathway was first investigated under generic and site
specific manner. both ways, generic and site specific.

Since this reactor is not a floating plant, it
doesn't apply.

All r;ght. What do you mean when you say on Page 3,
Quesfion 5 and Answer 5, that external natural and
man=-caused events have been considered in preparing the

FES only qualitatively?
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(WITNESS HULMAN) No numerical estimate of the risks from
external events and sabotage have been quantified.

And why is that?

(WITNESS HULMAN) It's generally considered beyond the
state of the art.

Of quantification?

(WITNESS HULMAN) Of good quantification.

What did the qualitative analysis of such problems as
tornadoe¢s, fires, earthquakes and sabotage consist of?
(WITNESS HULMAN) What considerations?

No. What did the qualitative analysis consist of?

You say it's been considered qualitatively.
(WITNESS HULMAN) It consisted, basically, of two
considerations.

The first consideration was of the deterministic
criteria that the Staff uses for design bases. Every
single one of the possible external events -- and I am
putting sabotage in that category -- is considered within
the Staff's design criteria in a deterministic manner.

In addition to that, we have considered in a
qualitative manner events beyond design basis.

We have little information, we have some. We
attempted to characterize the risks from such events as
being within the uncertainties that we have estimated for

internal events.
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What is the basis for that determination if you have so
little information?
(WITNESS HULMAN) Engineering judgment.
Whose engineering judgment, Staff's?
(WITNESS HULMAN) Yes.
Did you make the engineering judgment or other people on
Staff make the engineering judgment?
(WITNESS HULMAN) It was a collective judgment. I was
party to it.
Who else was involved?
(WITNESS HULMAN) Mr. Wohl was involved and a couple of
others on my Staff and my supervisor and other supervisors
in the Agency.
It was done collectively.

Did this group, this collective group, review, for
example, the seismic -- the testimony of Dr. Woodard on
behalf of the League with regard to the seismic
considerations?
(WITNESS HULMAN) I ==

MR. RAWSON: Objection. Judge, it's qui‘e clear
that that information was well after issuance of this
document and I fail to see that an answer to this question
is going to elicit time any permissible evidence.

JUDGE SMITH: It may be, but I don't see that as

the basis for an objection. It may not be, you know, a
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real winner of a2 question.

MR. RAWSON: I will withdraw it.
(WITNESS HULMAN) Let's see if I understand your question.

You had a witness speaking to seismic matters?

MR. THOMAS: Right.
(WITNESS HULMAN) I am trying to remember whether any
member of the group that participated in this assessment
of external events was privy to that testimony; and I

believe the answer is no but I am not certain.

BY MR. THOMAS:

Well, that includes exactly the question.

And I take it no member of the group was here when
Dr. Woodard testified with regard to seismology?
(WITNESS HULMAN) I believe that is correct.
With regard to sabotage, was any member of the group here
during the testimony of Mr. Roulo on behalf of the
Applicant regarding sabotage?
(WITNESS HULMAN) My recollection is that one of the
people consulted on these conclusions may have been privy
to that testimony.
You mean the prefiled testimony or the testimony in at the
hearing?
(WITNESS HULMAN) May I consult with Mr, Wohl for a
moment?

Sure.

SONNTAG REPORTING SERVICE, LTD.




£ W N

O W o N O WU

12
13
14
15
16
17
18
19
20
21
22
23
24
25

2102

(WITNESS HULMAN) 1It's possible that the Staff did know of
that testimony but I can't say for certain.

JUDGE SMITH: I think you have an ambiguous
state of affairs here now.

MR. THOMAS: I do, too. I am going to go back.

BY MR. THOMAS:

<

By that were you referring to the prefiled testimony or
the testimony before the Board or both?
(WITNESS HULMAN) Both.
MR. THOMAS: Does that clear up the ambiguity
that the Board was concerned with?
JUDGE SMITH: Yes, but it just replaces it with
curiosity, how that came to pass.
Do you understand that Mr. Roulo testified here in
camera in a confidential hearing and that --
(WITNESS HULMAN) I understand that; but the extent to
which that testimony and other testimony on sabotage in
this case was considered by the individual consultant in
coming to these conclusions is not clear in my mind. I
simply don't know.
I can identify the individual on the Staff that was
consulted.
JUDGE SMITH: You are talking about the
corrections which have been made since the testimony was

prepared?
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A (WITNESS HULMAN) That is correct.

2 BY MR. THOMAS:

3 Q Oh, you are? You are talking about the Page 4 corrections

4 now?

5 A (WITNESS HULMAN) Yes.

6 Q Well, let me get back to what I was asking.

7 I take it that you cannot testify here under oath

8 that these matters weren't taken into consideration, is

9 that right, because you =-=-

10 A (WITNESS HULMAN) I don't know.

11 Q Right, all right. Isn't the qualitative analysis that was

12 made of these external events deficient, at least to the
‘ 13 extent that it fails to take into account testimony

14 proffered on behalf of the Intervenor League?

15 A (WITNESS HULMAN) I do not believe that the qualitative
16 testimony is deficient.

17 Q Why?

18 A (WITNESS HULMAN) Because what the qualitative testimony

19 attempts to do is identify generically what the

20 uncertainties are associated with such events; and I don't
21 think that direct testimony on the subject is likely to

22 shed much like numerically on such estimates.

23 It could very well shed light on qualitative

24 judgments but based upon general statements by the

25 Commission and the Staff of the Commission, it's unlikely
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that the testimony could have shed any numerical light on
it that would allow us to make quantitative judgments on
the subject.

Well, maybe this is unfair characterization. I am trying
to understand exactly what you are saying and if it's
unfair, tell me so.

Are you saying that testimony regarding the site
specifi seismic conditions is not relevant or important
to the qualitative judgment made by Staff regarding
external e.ents?

(WITNESS HULMAN) No, I am not saying that it's not
relevant. I think any testimony on site specific
conditions or earthquakes, seismology or any other kind of
external event is very relevant in terms of quantifying
the probability and consequences of severe reactor
accidents from such events, the Staff generally believes
it's beyond the state of the art to do so with much
confidence at all.

So because it's beyond the state of the art to quantify in
the judgment of Staff, then it's not necessary to know
site specific considerations?

(WITNESS HULMAN) 1It's necessary to know site specific
considerations for design, for determining design bases,
very important.

That's what our SER is all about, that's what our
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design criteria is all about, that's what our standard
review plan and many of our regulatory guides are all
about.

In terms of quantifying the probabilities of severe
accidents from such events, we believe the prcbabilities
are not easily or well-quantifiable. That's not quite
good English, but I think you understand what I mean.
Okay. Well, if the Applicant meets the design base
criteria, then does the Staff analysis or judgment go any
further beyond that or does that end the question?
(WITNESS HULMAN) I don't know what question you are
raising.

Well, the question of a consideration of accident risks
from external events.

(WITNESS HULMAN) In terms of the safety of the plant, in
terms of whether adequate design has been incorporated in
the plant to cope with severe external events, if the
Applicant meets the appropriate standard review plan
criteria and the Regulatory Guide and the regulations
dealing with that subject, adequate safety has been
provided.

In terms of assessing the consequences of events
beyond the design bases, one can assess the consequences
but one 2an't quantify the risk unless one knows the

probability of the events; and the Staff doesn't believe
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that one can quantify those probabilities very well at
all.
Okay. I think I understand.

What was the impetus for the changes on Page 4 of
the testimony?

(WITNESS HULMAN) One primary impetus, clarification.

JUDGE SMITH: How did you become aware of the
need for clarifi~ation?

MR. THOMAS: I am sorry. I didn't realize he
was addrgssing a question to me.

JUDGE SMITH: No. I am addressing it to someone
on the panel.

MR. THOMAS: Okay.

JUDGE SMITH: How did you become aware that the
testimony had to be clarified?
(WITNESS HULMAN) I was out of town at another hearing
when this testimony was finalized.

Last night when I read for the last time what had
been filed, I found that it did not convey the intent or
meaning that it should have conveyed.

JUDGE SMITH: Have you completed? Are you done?
(WITNESS HULMAN) Yes.

JUDGE SMITH: Independent of the in-camera
testimony?

(WITNESS HULMAN) I am sorry. I don't understand.
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JUDGE SMITH: Independent of the testimony that

we have had here on sabotage?
(WITNESS HULMAN) Independent of that testimony.

JUDGE SMITH: So this is a consequence?
(WITNESS HULMAN) Yes.

JUDGE SMITH: Well, we have had testimony in
this hearing room about the likelihood of sabotage at the
plant and that's an issue, and suddenly you come to the
hearing room and you add that issue to your testimony and
we are just trying to figure out if ther. is a
relationship.

(WITNESS HULMAN) To my knowledge, I did not know that you
had previous testimony on sabotage when I determined that
this was not adequate.

JUDGE SMITH: Okay.

BY MR. THOMAS:

If we have or if you have so little information regarding
external events, including sabotage, what is the basis for
the conclusion that the Staff's last estimate of accident
risks from external causes for Byron is in the range
predicted for Indian Point and Zion?

(WITNESS HULMAN) You have made a statement and asked a
question. I think your statement is incorrect and I think
I cannot answer your question as asked because we have

changed that portion of the testimony.
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All right. I am trying to integrate the questions into my
questions but it's a little difficulty, so go on.

(WITNESS HULMAN) You asked the question but you made a
statement first that says -- that said words to the effect
that we know so little about external events, that's not
what I have previously said.

Well, you said you didn't know enough to make a
probabilistic assessment; is that correct?

(WITNESS HULMAN) That's correct. We know a great deal
about external events in terms of their causes and
consequences.

What we do not know very well at all is the
probability of very severe events on the order of one
chance in a thousand or less. I have only been here less
than 50 years. We have records on some events that only
go back 50 years. Others we have records that go back a
couple of hundred years.

Estimating the probability of a severe earthquake or
a flood that has a likely hood of one chance in a thousand
or less than is pretty uncertain. We don't have the
experience to do so.

Well ==
JUDCE SMITH: I =--
MR. THOMAS: Excuse me, your Honor.

BOARD EXAMINATION
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BY JUDGE SMITH:

As I recall from another hearing in which I was a Board
member, we had Staff testimony that the figure ten to the
minus sixth or ten to the minus seventh as a safety
objective was applied by the Staff solely to external
events.

Have I restated enough from my memory to help -- to
ask you to articulate the correct question for me?
(WITNESS HULMAN) Let me see if I can characterize what I
think you are driving at.

The Staff in the past for design basis assessments
has said that they would like to see each external events
design basis protect against a severe accident for events
more likely than one chance in a million. That is, we
want to protect the public from one in a million chance
earthquakes and floods and tornadoes and the like external

event.

That pushes the state of the art and there are some
people in the different technologies, seismolcgy,
hydrology, meteorology and the like, which believe one
cannot make those estimates very well; but the Staff has
used that as a guideline.

JUDGE SMITH: On external events.
(WITNESS HULMAN) On external events for design purposes.

For PRA's it would be necessary to hypothesize
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events with even less likelihood and we just don't believe

that you can do it very well at all.

BY JUDGE SMITH:

-

So on a particular design basis consideration by
engineering judgment, you can, you believe, quantify
sufficient to have a useful guideline as compared to a PRA
for an entire plant?

(WITNESS HULMAN) Staff is divided on the subject. It
depends on what the specific event is.

In the area of meteorology with tornadoes,
professionals in the field believe that one can quantify
the likelihood and magnitude of a tornado that has a
probability of one chance in a million.

In seismology, the professionals seem to be divided.
Some people believe that it is possible to estimate
probability of a severe earthquake with that accuracy,
trying to get at a one-in-a-million event,

In hydrology, it is also -- the community is also
divided.

In sabotage the community doesn't seem to be
divided. The community seems to have a collective
consensus that one cannot estimate the likelihood at all.
Because of the human aspects of it?

(WITNESS HULMAN) Principally because of the human aspect.

So the collective judgment of the different
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technical communities involved in external events doesn't

seem to exist with =-- there doesn't seem to be any
collective judgment.
MR. THOMAS: Well == I am sorry. Are you ==
JUDGE SMITH: No. That is fine.

BY MR. THOMAS:

Q

I am trying to understand the statement on Page 4. You
say, "For Zion, the Licensee" -- meaning Commonwealth
Edison; right?

(WITNESS HULMAN) Right.

-= "has submitted a probabilistic risk assessment which
indicates external events can be significant contributors
to risk." Right?

(WITNESS HULMAN) Correct.

Now, I take it from what you have just told Judge Smith
that the Staff does not feel collectively or there is not
a consensus that this is a reliable assessment?

(WITNESS HULMAN) I am having trouble with the word
"reliable."

Well, let me put the question of, you know, if
Commonwealth Edison can do it, why can't the Staff do it?
(WITNESS HULMAN) Anybody can make a numerical estimate.
Right. But the question is its reliability; is that it?
(WITNESS HULMAN) Its reliability, its accuracy and its

use.
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Well, what is the Staff judgment on Com Ed's PRA for Zion?
(WITNESS HULMAN) That the Licensee, Commonwealth, made an
estimate from the risks of external events; and I have
attempted to characterize that quantification in the text
of this testimony; that is, that the risks from external
events are estimated by Commonwealth Lo be approximately
ten times those from internal events.
Do you think that that estimate is reliable?
(WITNESS HULMAN) No.
When you say =-- I mean does that answer?
Are you speaking for the Staff now ratner than just
your personal opinion?
(WITNESS HULMAN) I am not speaking for the Staff. I am
giving you my professional judgment.
Now, you say for Indian Point evaluations by the Staff
also indicate significant risks due to external events.
The question is: What Staff evaluations went into
that conclusion or indication?
(WITNESS HULMAN) A considerable number of Staff
evaluations of external events at Indian Point was
conducted, including some contractual work at Sandia
National Laboratories and by private consultants employed
by Sandia Laboratory.
What is in the text of our testimony is what the

Staff has concluded that the risks from external events
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could be 30 times as high.

Were any of those evaluations regarding Indian Point
probabilistic risk assessments?

(WITNESS HULMAN) Yes.

In the Staff judgment, if you can give such a judgment,
are those assessments reliable?

(WITNESS HULMAN) I cannot give you the Staff judgment.
Staff has testified in the Indian Point proceeding that
the Staff generally agrees with the characterization.
Well ==~

(WITNESS HULMAN) By the way, the Staff's testimony does
indicate the uncertainties associated with external events
at Indian Point are very large. The reliability of the
assessments has been questioned.

If a probabilistic assessment was made by the Staff or
under the egis of the Staff for Indian Point, why did the
Staff not make such an assessment for Byron?

(WITNESS HULMAN) Two basic reasons. The first reason is
that such assessments have to be pretty site specific to
be effective. We couldn't use the earthquake history in
California to estimate the likelihood of an earthquake at
the Byron site very well. That is obvious.

Well, it's not so obvicus, given some of the testimony in
this case and that's why I laughed.

I am sorry. I apologized.
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All right. Must be site ==
MR. GALLO: I take it counsel is withdrawing his
comments from the record?

MR. THOMAS: I will.

BY MR. THOMAS:

Q
A

It must be site specific, okay.
(WITNESS HULMAN) Secondly, there is no need dictated by
any guidance to the Staff or to the Applicant in this
particular case necessitating such an assessment.
When you say there is no need, you mean there is no
regulation requiring such?
(WITNESS HULMAN) There is no regulation, policy or Staff
practice.
Well ==

JUDGE SMITH: Are you witnesses in Indian Point,
too?
(WITNESS HULMAN) I was not a witness at Indian Point but
I was at the hearing and a member of my Staff was a

principal witness at the hearing.

BY MR. THOMAS:

<

You say one of the reasons it was not done at Byron was
that such an assessment must be site specific?

(WITNESS HULMAN) Correct.

How is that an objection to doing one for Byron or why is

that an objection, why couldn't it be site specific?
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(WITNESS HULMAN) One could be done. One has not been
done, but one was not required, either.

JUDGE SMITH: That still doesn't -- the opening

thread of your cross examination was, "if you could do one

5 at Indian Point and if you could do one at Zion, why not
6 Byron?"
7 MR. THOMAS: Right.
8 JUDGE SMITH: I think that that thread has been
9 lost.
10 MR. THOMAS: Okay. He gave me two reasons, and
1 one was he said there was no need because no regulation,
12 et cetera, requires it.

. 13 The second one he says it has to be site specific.
14 That's what I am trying to explore why.

15 A (WITNESS HULMAN) I think it's easy to answer.

16 MR. THOMAS: The question is the same.

17 JUDGE SMITH: Why don't you give us -- in other

18 words of explanation, if that would»be helpful.

19 MR. THOMAS: I don't mind.

20 JUDGE SMITH: You can explain the confusion that |-=-

21 A (WITNESS HULMAN) The Commission ordered an assessment of

22 the risks at Zion and Indian Point because of their
23 relatively high population density.
24 They did not order such an assessment at Byron.

25 BY MR. THOMAS:
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All right. But there was certainly nothing preventing

doing such an assessment?

(WITNESS HULMAN) We don't regulate by nothing preventing,
asking the question. We follow practice, the regulations
and procedures.

So to answer my question, there was no reason why it
couldn't be done; is that correct?

(WITNESS HULMAN) There is no reason why it could not be
done.

Thank you.

Well, since one could have been done for Byron, why
is the Staff's best estimate of accident risks from
external causes at Byron based upon Zion and Indian Point?
(WITNESS HULMAN) I think I have done that once before.
Let me try again another way.

Zion and Indian Point are special cases. They have
operating licenses and in those particular cases because
of apparent concern over high population densities, the
Commission asked the Staff and the licensees to assess in
detail the risks from those plants.

We have an interim policy statement that the Staffl
uses to review risks at plants for which we will gzrunt
either construction permits or operating licerses. Zion
and Indian Point already have those licerses. Byron does

not.
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The policy statement that guides the Staff and
guides applicants for construction permits and operating
licenses d.es not require a detailed PRA.

JUDGE SMITH: Is it a question of the Commission
allocating the Staff resources where they beiieve the best
safety benefit will be?

(WITNESS HULMAN) No, sir. The Commission made a specific
statemert in June, 1980, not to require detailed PRA for
construction permit applications and operating license
applications.

It did ask for an assessment of risks that led to
PRA's for Zion and Indian Point, but they already had
their operating licenses. It's been almost a
plant-by=-plant decision except for the interim policy
statement, where the Commission was fairly straightforwad
not requiring PRA's.

So the Staff estimate in this case was based upon Zion and
Indian Point, because you had PRA's for those sites and
none was required for Byron; is that correct?

(WITNESS HULMAN) Basically, yes.

Then you say that the Staff's best estimate of accident
risks from external causes could be higher than what has
been presented in the FES.

How much higher could it be?

(WITNESS HULMAN) The supplemented testimony gives you the
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answer to that question. The testimony says, "less than a
factor of 100 higher."
BOARD EXAMINATION

BY JUDGE SMITH:
In your supplemental testimony, your reference to the risk
multpliers computed for Indian Point and Zion, those
multpliers being what? What is that?
(WITNESS HULMAN) 1In the previous paragraph, the third
line from the bottom, the 30 higher for Indian Point and
in the next to the last line, ten times higher for Zion.
Those are the multpliers?
Those are the multpliers.
Are those multpliers based on population?
(WITNESS HULMAN) 1In part. There are substantial
differences in population density between Byron, Zion and
Indian Point, Zion and Indian Point being substantially
higher.

BY MR. THOMAS:

~

Do you know what external events were considered in the
design and Indian Point studies that are identical or
similar to external events which could produce accident

risks at Byron?

(WITNESS HULMAN) I have trouble with the question.
Okay. Let me try and put it this way.

Are there any external risks -- excuse me.
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Are there any external causes or events -- strike
that. Let me start over.

Are there any external events that could occur at
Byron that were not considered in the Zion and Indian
Point studies?

(WITNESS HULMAN) I don't know, since a decailed
assessment of this plant and its site has not been done, I
can't answer your question.

Okay.

(WITNESS HULMAN) It's got to follow.

Pardon?

(WITNESS HULMAN) It's got to follow.

Yes.

Do you know on what basis the Staff extroplated from
the Zion and Indian Point studies to arrive at its best
estimate in this case?

MR. RAWSON: Objection. I don't think there has
been testimony, Judge, that the Staff extroplated from
Indian Point.

MR. THOMLS: Judge, the testimony indicates the
Staff best estimates of accident risks from internal and
external causes exclusive of sabotage and based upon what
has been learned at Zion and Indian Point.

Now, based =-- you know, in some way it seems from

the testimony in some way the Zion and Indian Point
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studies perform the basis for the Staff's best estimate in
this case. That's what I am trying to determine.

MR. RAWSON: My point, Judge Smith, is perhaps a
quibble as we have used the points here, but I am
concerned about the form of the question as it uses the
term extroplate. It is my understanding that the term,
extroplate, may be a term of art in this area and I don't
want us drawing assumptions from the use of that term here
that have not been substantiated by the record and by the
testimony of these witnesses.

MR. THOMAS: Well, I am not led to the word
extrapolate.

With the Board's permission, I will withdraw the

question and put another one.

BY MR. THOMAS:
<

How were Zion and Indian Point studies used to arrive at
the best estimate of accident risks in this case?
(WITNESS HULMAN) Engineering judgment. No site specific
information, no detailed PRA of this particular reactor
and its associated external event risks.

When you say engineering judgment, do you mean somebody
said, "Well, here is Zion and here is Indian Foint and I
can think of no reason why Byron is any different?" Or
significantly different?

(WITNESS HULMAN) Significantly different.
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But otherwise that's a fair description of the process?
(WITNESS HULMAN) Yes, and it was generally a consensus
among the professionals that deal in external events and
accident risk assessments on the Staff.
Okay. Thank you.
BOARD EXAMINATION
BY JUDGE SMITH:
In your statement there on Page 4, supplemented, the
language, "What has been learned at Zion and Indian
Point,™ that was a quote, in reference to the PRA's for
those plants ==
(WITNESS HULMAN) Yes, sir.
But did I understand you to say, however, earlier in your
cross examination testimony that you do not believe that
the PRA at Zion produces reliable results?
(WITNESS HULMAN) That is correct. Somebody made an
estimate.
Okay. So ==
JUDGE SMITH: Okay. Go ahead.

3Y MR. THOMAS:

.

In Answer 7 on Page 5, you indicate that the Staff is
undertaking the development of a program plan for
improving the capability of external events PRA
methodology.

Can you tell me what that program plan consists of?
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(WITNESS HULMAN) It hasn't yet been developed.
Well, it's expected to be completed by early summer, 1983;
is that correct?
(WITNESS HULMAN) That's correct.
Do parts of the plan exist?
(WITNESS HULMAN) No, sir.
None of it?
(WITNESS HULMAN) The first meeting of the principals,
which I missed, was today.
Do you know whether this plan will be applied to Byron as
it becomes available?
(WITNESS HULMAN) No.
Do you have an opinion on the subject?
(WITNESS HULMAN) If the plan is successful, I believe
that eventually every reactor will be considered with
respect to risks from external events.

I have no idea when, but I believe, if successful,
such will be done.
What would be the consequences in such an event if it were
determined that the accident risk of external events or
from external events were unacceptably high?

MR. RAWSON: I am sorry, Judge.
Mecy I have the question re-read, please?
JUDGE SMITH: Please.

(The question was thereupon read by the
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Reporter.)

MR. RAWSON: Thank you.

(WITNESS HULMAN): May I answer?

JUDCE SMITH: There is no objection.
(WITNESS HULMAN) Okay. Much the same thing that has
happened with the Staff evaluation and the licensee's
evaluation at Indian Point. Fixes would be made, both by
design changes -- construction is what I mean by "fixes" -
both by the licensee and at the request of the Staff.
That has happened at Indian Point.

I anticipate the same thing to happen at other

reactors, including Byron.

In your opinion, is it likely that the fixes would be more
expensive to implement after an operating license had been
granted as opposed to before an operating license were

granted?

MR. GALLO: Objection. The question calls for
speculation on behalf of the witness.
It's an unfair question, to boot, because the
witness has been given no clue as to what kinds of changes

and fixes are in the mind of Mr. Thomas when he asks the

question.

MR. THOMAS: This is not even counsel's witness,

let alone being the ==

SONNTAG REPORTING SERVICE, LTD.




= wn

O W 0o N O WU

12

-
i

14
15
16
17
18
19
20
21
22
23
24
25

2124

JUDGE SMITH: Well, he is bound by the answers,
however. They will all be part of the record upon which
his client's fortunes rest. He hLas the standing to make
the objection.

MR. THOMAS: Well, I still think that is a
matter for the witness as opposed to counsel for the
Applicant.

JUDGE SMITH: Can you answer the question as it
Was ==

A (WITNESS HULMAN) I think I would have to speculate.
There would be some kinds of design changes and
fixes that would be more expensive and there may be some
that are less.

MR. THOMAS: I think that is a fair answer under
the circumstances.

JUDGE SMITH: Yes, except we don't normally
favor pure speculation as a basis for our decisions.

MR. THOMAS: I understand; but somehow it seems
that some element of that creeps into this, into this
hearing, dealing, as we are, with the subjects.

BY MR. THOMAS:

Q Can you tell me: What was the cost of the fixes at Indian
Point and what the fixes were that were implemented there?
A (WITNESS HULMAN) I cannot tell you what the costs were.

I am aware of a2 couple of fixes in detail. The
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remainder I don't remember.

Can you briefly describe the fixes that you do remember?
(WITNESS HULMAN) There was a seismic design fix on one of
the units at Indian Point, because of an apparent
inadequacy in design with respect to the control room and
the control room walls and ceilings. A very severe
earthquake might cause a failure of the control room
ceiling and lead to a severe release.

Some design changes and improvements in the
structural capability of the control room building were
made.

The procedural fix was a procedure to reduce the
likelihood and consequences of a hurricane-induced core
melt, a procedural fix in the way of providing for
shutdown of the reactor well in advance of a hurricane,
cooling that reactor down and providing for emergency
procedures to keep the core cooled should the hurricane
strike the plant were imposed at Indian Point.

Okay. Now, referring to Page 7, Answer 10 -~ I guess this
would be Mr. Wohl -- it states there that the fault
tree/event tree approach, coupled with an adequate data
base, is the best available tool with which to quantify
the accident probabilities associated with nuclear
reactors; is that right?

(WITNESS WOHL) That's right.
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Are you familiar with any of the following methodologies
developed in the aerospace field over the past 15 years:
First of all, probabilistic design analysis?
(WITNESS WOHL) Not specifically.
Propagatior ¢f error techniques?
(WITNESS WOHL) If you are asking me whether I am familiar
in the sense of being a user or just having heard of that,
I have heard about it but I am not a user.
I am speaking of user, because I will ask you some
follow-up questions which you couldn't answer if you had
just heard of it.
So you are not familiar as a user with =--
(WITNESS WOHL) That's correct.
Okay. What about reliability estimation from small sample
sizes?
(WITNESS WOHL) No, I am not a user of that.
And what about malfunction simulation models?
(WITNESS WOHL) No.
Is it fair to say that nobody on the panel is familiar
with any of these methodologies?
(WITNESS HULMAN) I think there is some familiarity with
some of the methodologies.
I for one have used error propagation methodology in
one context or another. OQOkay?

Well, do you feel qualified to compare that method with
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the fault tree approach?

(WITNESS HULMAN) No. I have not done such.
Okay. Does anybody on the panel feel qualified to compare
any of those methodologies with the fault tree approach?
(WITNESS BRANAGAN) No.
(WITNESS WOHL) No.
(WITNESS HULMAN) No.
(WITNESS NEWBERRY) No.
With regard to the WASH-1400 Study, you discussed the
application of that to a prototype pressurized water
reactor at survey; is that right?
(WITNESS WOHL) Yes.
You, of course, were here this morning when we went
through these matters with Mr. Levine.

Ir your opinion, is the Surry PWR comparable to the
Byron PWR's for these purposes?
(WITNESS WOHL) For these purposes, I think that it's
adequate in terms of making an adequate representation of
the event sequences that we use to represent possible
events occurring.
You would agree that Byron has a different design basis
than Surry and operator training and various other
different features?
(WITNESS WOHL) I don't understand what you mean by "a

different design basis."
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Well, Surry is a three loop, for example, and Byron is :
four loop, isn't it?

(WITNESS WOHL) That doesn't mean the design basis is
different. It means the design is different.

The basic design is. All right.

I am not going to go through all of that again.

Directing your attention to Page 9, Answer 12, which
I guess is the of Mr. Newberry.

Regarding your discussion of the precursor study, do
you feel that that is applicable to Byron, since large
reactors like Byron have only 10 years of operating
experience?
(WITNESS NEWBERRY) Excuse me. What is applicable?
The precursor study -- the results from the precursor
study, I guess.
(WITNESS NEWBERRY) The results of the precursor study are
What you discuss in the answer there.
(WITNESS NEWBERRY) -- only are applicable to plants
operating between 1969 and 1979, which Byron was not one
of .
So I guess, then, your answer would be that it's not
applicable?
(WITNESS NEWBERRY) I would give a qualified answer.

I think the == I discuss in my answer to Question 13

why the estimates are certainly different.
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However, I think there is information in the
precursor study that -- you know, what caused precursors,
what sequence dominated precursor study; that those
sequences would be, in some sense, applicable to Byron.
Okay. But the frequency cf severe core melt -- excuse me.

The frequency of severe core damage accidents, those
estimates would not?

(WITNESS NEWBERRY) That's right. I would say that
frequency of severe core damage, as calculated by the
precursor study, is not rgally applicable to a plant like
Byron.

MR. THOMAS: Excuse me a moment, your Honor.

BY MR. THOMAS:

Q

Directing your attention to the same answer, could you
expand a little more on what you mean by the sentence, "We
do not differentiate between severe core damage and core
melt in this testimony since analyses hLave not been
refined to differentiate the fraction of core melt events
that may terminate at severe core damage?"
(WITNESS NEWBERRY) Yes. I think the testimony of Mr.
Levine previously covered this in some detail.
Okay. Well, that's == I thought he did differentiate it.
MR. RAWSON: Excuse me. Has the witness
finished with his answer?

It seemed to me that was a lead in to something

SONNTAG REPORTING SERVICE, LTD.




= o w

o w oo 9 o Wwm

1
12
13
14
15
16
17
18
19
20
21
22
23
24
25

2130

broader.
MR. THOMAS: I wasn't trying to cut him off.

Please finish your answer.

(WITNESS NEWBERRY) (Continuing.) I was only saying here
that there certainly is a difference -- okay? =-- between
severe core damage and what is termed to be a core melt as
4sed in probabilistic risk assessments.

I did not == I used -- I made a comparison of the
severe core damage frequency in the precursor study with
core melt estimates, if you will, in WASH-1400.

MR. THOMAS: I am sorry. Does that complete
your answer?

(WITNESS NEWBERRY): Yes.

JUDGE SMITH: Are you saying you used the two
terms in the same sense that Mr. Levine used them?

(WITNESS NEWBERRY): Well, yes, sir. I think
the definitions that he gave for severe core damage and
core me.t were correct and I would agree with that.

The precursor study calculates a frequency of severe
core damage.

Now, given a severe core damage, the conditional
probability of -- beyond that of proceeding to a severe
core melt, where the entire core melts through the vessel
and challenges the containment, I don't know what that is.

That's being looked at.
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I did not, in this testimony, go into that in any
detail.
JUDGE SMITH: Proceed.
BY MR. THCMAS:
Q How does this relate to WASH-14007?
MR. RAWSON: I object to the form of the
question.

Unless we can have some sort of specificity to what
this refers to, the witness is not going to be able to,
obviously, answer that.

MR. THOMAS: It refers to the distinction that
we just discussed in your preceding answer.

MR. RAWSON: Thank you.

(WITNESS NEWBERRY): I guess I should make sure
I understand.

This is the diffferentiation between severe core

damage and -=-
MR. THOMAS: Right.
(WITNESS NEWBERRY): Would you please restate
the question? I am still confused.
BY MR. THOMAS:
Q The question is: How does this relate to WASH-1400, this
distinction that you are drawing or that you discuss?
A (WITNESS NEWBERRY) Well, simply that WASH-1400 calculates

the date frequency of core melt rather than severe core
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damage.

JUDGE SMITH: Excuse me. Before we get too far
away frorm this point and my question, Mr. Levine, I wonder
if you would look at Page " znd A 12 and tell us in your
view if you used the terms in response to Dr. Cole's
questions in the same sense that you believe that Mr.
Newberry has used it?

MR. LEVINE: I agree that, if he accepts my
definitions, his descriptions are correct --

JUDGE SMITH: Are correct.

MR. LEVINE: -~ his descriptions of the
frequencies.

JUDGE SMITH: I don't mean the frequencies. The
use of the words, "severe core damage and core melt."

I heard the testimonies of the two gentlemen to
actually reverse the use of the terms.

MR. LEVINE: I thought he said he accepted my
definitions.

JUDGE SMITH: I am asking: Do you accept his
definition?

MR. LEVINE: Well, I haven't heard him define
them.

JUDGE SMITH: I was referring you to Answer 12
on Page 9.

MR. LEVINE: I am looking.
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He has not defined them.

(WITNESS NEWBERRY): That is correct.

May I try again, Judge?

JUDGE SMITH: Yes.

Mik. GALLO: Excuse me, your Honor.

Is the Board question that Mr. Newberry says in his
answer that he doesn't differentiate between the two
terms? Does that cause the confusion?

JUDGE SMITH: No. The confusion I have is that
he says a core-melt event may terminate at severe damage,
implying that others may not.

MR. LEVINE: I think, if I may -- may I try to
clarify that, Judge?

JUDGE SMITH: VYes, sir.

MR. LEVINE: I think what he is saying is that
some fraction of accident sequences that might proceed to
core melt could, in fact, be terminated before core melt
and result in core damage.

So the ideal --

JUDGE SMITH: That's exactly right. That is
where I think ==

MR. LEVINE: 1It's sort of a misnomer to call
them core-melt sequences. He should talk about accident
sequences which, if allowed to proceed to their end

procedure, result in core melt. It could be terminated

SONNTAG REPORTING SERVICE, LTD.




= W

OO W oo N o W,

12
13
14
15
16
17
18
19
20
21
22
23
24
25
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it that way, that might clarify it.

J'JDGE SMITH: Did you want to comment?

(WITNESS NEWBERRY): No, sir. I think that was
pretty well stated.

JUDGE SMITH: All right, thank you.

MR. THOMAS: May I proceed, your Honor?

JUDGE SMITH: Yes, please.

BY MR. THOMAS:

Q

All right. Would it be accurate to say then, in your
estimation, that the precursor study never -- did not
estimate the frequency of the worst-case scenario; that
is, a core melt as opposed to core damage? Would you
agree with that?
(WITNESS NEWBERRY) Well, I would say it this way: The
precursor study is dominated by the Three Mile Island
accident, the frequency calculated in the precursor study.
Which was core damage as opposed to core melt?
(WITNESS NEWBERRY) Which was core damage as opposed to
core mel%t; that is correct.

Now, using the methodology that Mr. Levine outlined,
they calculated probabilities of proceeding beyond a
precursor, approaching a severe core damage, or, perhaps,
a core-melt state; in that sense beyond the precursor,.

I don't believe they differentiate to severe core
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damage or core melt.

Perhaps the sequence could be terminated, with some
recovery, at severe core camage, but that refinement, I
don't believe, is made in the precursor study.

JUDGE CALLIHAN: Excuse me, Mr. Thomas. May I
inject something here?

MR. THOMAS: Sure., Judge.

BOARD EXAMINATION

BY JUDGE CALLIHAN:
I have trouble with that sentence, "Differentiate," and
for completeness -- this is your answer to Question 12,
which appears on Page 9, and it's the sentence that begins
about midway, which starts, "We do not differentiate," and
so forth. 1It's the second use of the word
"differentiate.”

Differentiate what from what? A (WITNESS NEWBERRY)
The second differentiate?

Yes. Differentiate a fraction of core-melt events that
may terminate at severe core damage, differentiate that
from what?

(WITNESS NEWBERRY) A fraction of core melts that may
terminate at severe core damage as compared to the
core-melt ¢v.ents that don't terminate at severe core
damage but proceed to a core melt, which would ultimately

challenge the containment safeguard systems, potentially
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lead to a large release.

Are these events that may terminate at severe core damage
potential core-melt events but something else happens
before the melting actually occurs?

(WITNESS NEWRERRY) Yes, sir.

At Three Mile Island the operator eventually shut
the blocked valve and stopped the LOCA and initiated
injection of water into the system and eventually entered
a more stable condition and did not proceed to a full core
melt.

BOARD EXAMINATION

BY JUDGE COLE:
My problem with that is: It was not a core-melt event
then?
(WITNESS NEWBERRY) That's correct.
So it's the fraction of events that may terminate at
severe core damage, not the fraction of core-melt events?

JUDGE CALLIHAN: That's the reason why I want to
put the word "potential” in, the fourth to the last line,
preceding core melt, "The fraction of potential core-melt
events that are

terminated by or terminate at severe core damage.

Does that word "potential" help any?

(WITNESS NEWBERRY): Yes, sir.

I think just my practice called multiple failure
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proceedings or core melts., They are just frequently

called core-melt events, but in this case, being more
specific, I think the word "potential" helps.

JUDGE SMITH: Mr. Levine.

MR. LEVINE: May I just suggest an addition?

The word "event" is changed to "accident sequences,"
so we have "potential core melt accident sequences," then
it would be very clear in reading. That's the point I
made earlier.

JUDGE SMITH: That was the ambiguity that led me
to believe the terms were being reversed in the differing
testimony.

MR. LEVINE: Exactly.

JUDGE CALLIHAN: If we look at it ==

JUDGE COLE: Would you adopt that change, Mr.
Newberry?

(WITNESS NEWBERRY): Let me read it.

JUDGE CALLIHAN: Let me ask one thing first.

Then would it help to say, "Potential core melt
accidents that are terminated at severe core damage?"

(WITNESS NEWBERRY): Yes. Once you put in the
"potential," I think the "may" can become an "are," and I
would agree.

MR. THOMAS: Would you read the sentence now ==

JUDGE SMITH: What we will want, when this is
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all done, not only for him to read the sentence, but to
retrieve the actual testimony and make the change, write
the change in the testimony.

MR. THOMAS: I think it would be a good idea if
we did that with Page 4, too, because it's very difficult
to read.

JUDGE SMITH: Page 4 is already -- that has
already been done with respect to Page 4.

MR. THOMAS: 1In typed form?

JUDGE SMITH: No, no. In handwritten form.

MR. THOMAS: Okay. Well, you ==

JUDGE SMITH: If you would like to ponder the
actual language you want, maybe we can take a break.

We will be breaking promptly at 5:00 this evening.

Maybe we will take a few minutes to give you a
chance to really think about it and then we can make sure
it's accurate and just the way you intend the testimony to
be.

MR. THOMAS: Do you want to do that now?

JUDGE SMITH: Well, whatever time he needs. I
just want him to have all the time he needs to do it
carefully and be precise in the way he wants it.

(WITNESS HULMAN): We would suggest we bring it

in in the morning.

JUDGE SMITH: The problem is, the testimony will
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be brought in tonight.
If you need that time, we will just mark on the
testimeny.

(WITNESS HULMAN): He says he can do it right
now.

JUDGE SMITH: Okay.

MR. GALLO: Your Honor, perhaps a short recess
woulc help him.

JUDGE SMITH: All right. We will take a few
minutes.

MR. THOMAS: Judge, do you want to just recess
for the evening? It's 10 to 5:00 now.

I am not going to finish.

JUDGE SMITH: There is no reason why we have to
come back. I think we have a comfortable amount of time
and we should be able to finish up tomorrow.

MR. THOMAS: No question.

JUDGE SMITH: Except that the parties -- when he
makes his correction, the parties should have an
opportunity t<¢ approve the corrections so that we all can
address it.

Are you ready for it now?
(WITNESS NEWBERRY): No, sir.
JUDGE SMITH: Except for this, let's adjourn,

and if we have to go back on the record, we will; but we
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will meet tomorrow, then, at 9:00 A. M,
MR. ThOMAS: Thank you.
(Whereupon at 4:50 P. M., the hearing in
the above-entitled matter was recessed,
reconvene at 9:00 A. M. on Wednesday,

March 16, 1983.)
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