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NUCLEAR POWERPLANT SAFETY SYSTEMS

TUESDAY, MAY 22, 1979

HouSE oF REPRESENTATIVES,
SuBCOMMITTEE ON ENERGY RESEARCH AND PRODUCTION,
COMMITTEE ON SCIENCE AND TECHNOLOGY,
Washington, D.C.

The subcommittee met, pursuant to notice, at 9:45 a.m., in room
2318, Rayburn House Office Building, Hon. Mike McCormack
(chairman of the subcommittee) presiding.

Mr. McCorMAck. The meeting will come to order, please.

Good morning, ladies and gentlemen.

Today the Subcommittee on Energy Research and Production
starts 3 days of hearings on the issue of nuclear powerplant safety.

As we are all aware, this subject has been in the public’s mind
since the Three Mile Island accident on March 28. However, it is
important to note that nuclear safety is not a new issue with this
committee or with its predecessor, the Joint Committee on Atomic
Energy. It is not a new issue with the Nuclear Regulatory Commis-
sion or is predecessor, the Atomic Energy Commission. Indeed, it is
not a new issue with the nuclear industry.

The need for strict safety precautions has been recognized since
the inception of nuclear power development, and this is borne out,
of course, by the excellent safety record of our nuclear power-
plants. Not a single person has ever been harmed by any nuclear
accident in any nuclear powerplant anywhere in the free world.

However, it is clear that if nuclear energy is to move forward as
a major contributing factor in the energy mix of the free world, the
questions concerning nuclear safety that are in the public’s mind
and that have been exaggerated by the Three Mile Island accident
must be understood, must be answered, and must be rationalized.

The hearings beginning today are the second in a series of three
sets of hearings on nuclear issues which this subcommittee is ad-
dressing.

Last week the subcommittee held three hearings on nuclear
waste management, and on June 13, 14, and 15 they will hold 3
days of hearings on low-level radiation.

The Three Mile Island accident, focusing our attention on the
question of nuclear safety, was clearly a serious accident. There
were a number of mechanical failures, possible design weaknesses,
and possible operator errors. All these mechanical failure, design
weaknesses, and human errors occurring together in a very short
time made the accident as serious as it was. However, it was not a
catastrophe, and the maximum radiation exposure received by any
citizen was at most equivalent to an X-ray.

(€Y)
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Similarly, we must remember that this Nation has accumulated
about 460 reactor years of experience with licensed commercial
nuclear powerplants, and a much larger amount of experience with
our naval nuclear reactor program. There are more than 100 li-
censed nuclear powerplants operating outside the United States in
the free world, also contributing to that pool of knowledge and
experience.

In all that time, as I say, there has never been a single person
harmed, let alone killed, by any nuclear accident in any nuclear
powerplant.

I want to emphasize that these hearings today will be broad in
scope. We are starting with the basic concepts of nuclear power-
plant construction, philosophy, safety, and operation.

The main objective of holding these hearings is to help the
committee, and the Congress, and members of the public to under-
stand the questions associated with nuclear powerplant safety.
Also, to help the committee and the Congress to take what steps it
feels necessary in assuring that our nuclear powerplants will be
even safer in the future than they are today.

Learning the lessons from Three Mile Island, asking the tough
questions, and providing responsible answers to them will be part
of the functioning of this committee.

This committee, by the way, has the responsibility for energy
research, development, and demonstration associated with our nu-
clear powerplant research, development, and demonstration pro-
grams which ultimately will lead to commercialization.

In conducting these hearings, the subcommittee intends to ex-
plore every aspect of safety technology and to conduct a thorough
review of the status of the technology. We want to develop a
detailed understanding of nuclear safety and operating philosophy
as well as the implications of the Three Mile Island accident and
any other accident.

In so doing, we will seek unique perspectives from outside the
nuclear energy community itself and, among others, we will hear
from Admiral Rickover, to learn his perspectives on providing ade-
quate safety standards for a nuclear system. But today the hear-
ings will concentrate on the philosophy and the status of technol-
ogy of safety systems and procedures.

Today’s hearings will include testimony from the nuclear indus-
try, the Nuclear Regulatory Commission, and a nuclear critic. The
Rasmussen report on reactory safety will also be discussed, togeth-
er with recent criticism of it by the Lewis panel. Tomorrow, wit-
nesses will concentrate on the Three Mile Island accident itself and
its technological implications. That testimony will cover industry,
utility, regulatory, and State government views of the accident.

We are particularly interested in the system failures and the
extent to which human error played a role in the accident.

The final hearings on Thursday will provide additional perspec-
tives on nuclear safety. Representatives of the Swedish nuclear
industry will testify about this program, and Admiral Rickover, as
I have said, head of the naval nuclear reactor program, and Dr.
George Low, former Deputy Administrator of the National Aero-
nautics and Space Administration, will provide their unique views
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on safety systems and methods for improving the interface between
men and machines.

Before we move into our testimony this morning, I would like to
introduce some distinguished guests that we are honored to have
visiting us today. We have with us four Members of the French
Parliament, the equivalent of our Congress, and they are seated
here to my left, in the front row.

Since I am not very good at speaking French or pronouncing
French names, I would like to ask Dr. Pierre Zaleski, the nuclear
attaché of the French Embassy, to introduce our guests from the
French Parliament.

Dr. Zaleski.

Dr. ZavLesk1. Thank you, Mr. McCormack.

We have here a delegation of French Parliament, the head of the
delegation on my left is Mr. M. Xavier Hamelin, President, Depute
du Rhone, 12eme circonscription—Groupe du Rasemblement pour
la Republique; Vice President de la Commission de la Production et
des Echanges; Conseiller municipal de la Mulatiere; Ne le 4 fevrier
1922 au Lardin—Dordogne; Ingenieur chimiste; Elu a I’Assemblee
Nationale le 11 mars 1973; Reelu le 19 mars 1978.

Membres: M. Roger Couhier, Depute de la Seine-Saint-Denis,
5eme circonscription—Groupe communiste; Marie de Noisy-le-Sec;
Ne le 26 janvier 1928 a Vitrai-sous-Laigle—Orne; Employe a la
S.N.C.F.; Elu a I’Assemblee Nationale le 12 mars 1967; Reelu les 11
mars 1973 et 19 ars 1978.

M. Paul Pernin, Depute de Paris, 11leme circonscription—Appar-
ente au groupe de 1'Union pour la Democratie fracaise; Marie-
adjoint de Paris; Ne le 30 octobre 1914 a Oran—Algerie; Conseil
d’entreprise; Elu a I’Assemblee Nationale le 19 mars 1978.

M. Allain Chernard, Depute de Loire-Atlantique, 2eme circon-
scription—Groupe socialiste; Conseiller general, Marie de Nantes;
.Ne le 20 fevrier 1937 a Nantes—Loire-Atlantique; Ingenieur; Elu a
I’Assemblee Nationale le 19 mars 1978.

Mr. McCorMack. Thank you very much.

I think we ought to give our French guests a hand. [Applause.]

May I say for the benefit of the audience that the blonde lady in
the middle, who was not introduced, is an interpreter, and since 1
can’t speak French names, I am going to have trouble with that
one too. I want to welcome all of you, and say that the representa-
tives introduced represent four different French political parties.
France has a unified program which provides nuclear leadership
throughout the world. Not only are they moving forward agressive-
ly with their light-water reactor program, their pressurized-water
reactors, but they are also moving forward with the breeder
program.

The French Phenix has been on line since 1973 and it is perform-
ing beautifully. The Super Phenix is under construction near Lyon.
The French are glassifying waste and they are way ahead of the
rest of the free world in that. They now have a major uranium
enrichment program, and of course a reprocessing program. They
are providing leadership for all the free world, and we congratulate
them on that, and I want to thank you gentlemen.
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Members who left after they were introduced are going to an-
other committee meeting, but they are going as a team, to come
here and lock at our nuclear program.

Before we begin our testimony I would like to welcome Congress-
man Goldwater this morning, and I want to ask Mr. Goldwater if
he would like to make an opening statement.

Mr. GoLpwATER. Thank you very much, Mr. Chairman.

I join you in welcoming our friends from France. France is a
great country, and they are a great people, who I think provide our
world with leadership and who have made a significant contribu-
tion to mankind, and I think it is a wonderful gesture when Mem-
bers of the French Parliament come over to exchange ideas and to
learn some of the things that we are doing, and hopefully we can
learn from them.

I think, Mr. Chairman, these hearings are timely. I think this
committee must look carefully at the status of safety technology
and related procedures and practices for operating nuclear plants.
These hearings should indicate where technology improvements
are warranted so that the committee can identify areas for specific
program initiatives.

This is a time for frankness. No one can afford to overlook any
aspects of safety which can reasonably be enhanced. Although the
nuclear safety record has been very impressive, neither the indus-
try nor the utilities can afford to approach nuclear safety with a
business as usual view. A serious accident did occur, and we must
learn from it.

Today we will learn where the technology is so we can identify
specific elements which must be enhanced. Public perception of
these issues demands fresh scrutiny of how to plan for likely
events. We should not succumb to any temptation to preoccupy
ourselves with a series of improbable accidents. The combination of
human error and absence of adequate instrumentation played a
role in this incident, and we must look carefully at aspects of the
man-machine interface. ‘

I believe that our witnesses on the third day will provide unique
perspectives from outside of the U.S. civilian nuclear community.
From the aerospace aspect, I intend to see that the Three Mile
Island becomes the Apollo fire for the nuclear industry. I also
believe that we should learn from the naval nuclear propulsion
program, which utilizes a most thorough system of training, and
checks and balances, to insure that their excellent people are given
top quality training.

This is a time for soul searching, Mr. Chairman, for without the
nuclear option, this country’s energy supply problem will be great-
ly aggravated.

Thank you, Mr. Chairman.

Mr. McCorMmack. Thank you, Mr. Goldwater.

Before we proceed with our hearings, I am going to make an
announcement for the record.

During our hearings last week on high-level nuclear waste man-
agement, it became obvious that we are taking too much time with
questions and discussions, thus depriving ourselves of the balanced
presentation available if all witnesses were to be heard. This is also
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unfair to the witnesses, several of whom have come long distances
to testify. '

I expect that this problem of not having enough time for every-
one to ask questions, and to say everything he or she wishes, will
become apparent this week as we conduct our hearings on nuclear
powerplant safety.

It will be obvious that we have attempted to schedule a large
number of expert witnesses to provide the members of the commit-
tee with the benefit of testimony from a number of different view-
points. :

In order to make it possible for us to complete our hearings on
schedule, it will be necessary for the Chair to sharply restrict the
amount of time allowed for questions. Accordingly, the 5-minute
rule will be strictly enforced. '

In addition, it will not be possible for every member to question
every witness. Accordingly, questions of each witness will be struc-
tured as follows: After questions by the chairman and the ranking
minority member, two members from the majority and one from
the minority may question the witness. We will then proceed to the
next witness. Then two other members from the majority and one
other member from the minority may question that witness. This
procedure will be followed until all witnesses have testified and
been questioned.

If there is additional time after all witnesses have testified and
been questioned, additional questions may be asked of any witness
who is still present in the room by any member of the committee.
In such a situation the 5-minute rule will still apply, and no
member may ask more than one question while another member is
requesting an opportunity to question a witness.

I regret the necessity of establishing such a procedure, but with-
out doing so, it will not be possible to obtain the information these
witnesses will provide during the time we have available.

I know the members of the committee will agree that this system
is as fair and practical as any. .

Our first witness today is Dr. Joseph Dietrich, chief scientist of
the Advanced Nuclear Systems Department of the Combustion En-
gineering Co. He will participate in a panel which also includes
Mr. Milton Levenson, director of the Nuclear Power Division of the
Electric Power Research Institute; Mr. William Kennedy, vice
president and director of engineering for the Stone & Webster
Engineering Corp.; together with Dr. Chauncey Kepford, director of
the Environmental Coalition on Nuclear Power.

We will ask these four gentlemen to each present his testimony,
and then we will have questions following the testimony of the four
witnesses. :

Gentlemen, welcome. .

We have your written testimony before us, and without objec-
tion, all the written testimony that each of you has submitted will
be included in the record at this point, and you will be free to
proceed to make your presentation and summarize your remarks
as you wish.

Dr. Dietrich, do you wish to proceed?
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STATEMENT OF DR. JOSEPH DIETRICH, CHIEF SCIENTIST,
NUCLEAR POWER SYSTEMS, COMBUSTION ENGINEERING

Dr. DierricH. Thank you, Mr. Chairman.

It is a pleasure to testify before this committee on the subject of
nuclear plant safety. ;

I believe that what I say with respect to safety principles and
areas in which safety can be improved is representative of industry
thinking, but of course when I speak of what is being done within
the industry, I will have to confine my remarks to the activities of
my company, Combustion Engineering.

I am afraid that when I prepared my written testimony, I did not
have an entirely correct concept, had a little bit the wrong impres-
sion of the objective of this day’s hearings. I thought that its thrust
was directly toward the implications of Three Mile Island, but I
understand now that the Three Mile Island subject will be ad-
dressed directly tomorrow.

Mr. McCorMack. Dr. Dietrich, we don’t want to deprive you of
making any point you want to make, and we don’t want to deprive
this committee of the benefit of your testimony, so I will not try to
restrict you to any degree that reduces your effectiveness and
makes you uncomfortable.

Dr. DietricH. Thank you.

Today we consider the philosophy and technology of nuclear
safety. Nevertheless I think my prepared testimony is pertinent,
for we have no reason to question our basic safety approach, that
is, the defense in-depth principle which provides not only in-depth
safety systems designed to cope with postulated accident sequences,
but also safeguards of a more general nature with capabilities for
countering the effects of unforeseen sequences.

The general safeguards saved the day at Three Mile Island, and
provided the means to protect the public. I believe that the only
fruitful reexamination of our safety philosphy and technology must
be one based on the Three Mile Island experience, which I think

“did not invalidate the basic principles or the effectiveness of our
technology, but did indicate the need for a certain shift of
emphasis.

I am appending to my testimony a list of potential research and
development projects which are consistent with the lessons of
Three Mile Island, and which we at Combustion Engineering feel
are worth assessment for possible Government support.

Each of the projects listed is directed toward a rather specific
safety function. Most of these functions are applicable generally to
pressurized-water nuclear plants, but their effectiveness, the need
for them, and the ease or difficulty of implementing them depend
upon overall plant design. We, therefore, believe that, for maxi-
mum effectiveness, the examination of specific possibilities such as
these should be supplemented by an integrated approach which
would not only consider existing and proposed individual safety
features but would also reexamine the design approaches used for
the plant itself.

Here I am not speaking of the possibility of major changes in
plant design concepts but of approaches to detailed design which
might have safety benefits.
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The objective would be to implement design principles which best
serve a threefold purpose:

First, to make less difficult demands on the operator, and to be
more forgiving of operator errors through minimization of the fre-
quency of occurrence and speed of development of operational per-
turbations with potential for hazard;

Second, to increase the effectiveness of safety systems and engi-
neered safeguards, and, to the extent possible, to decrease the
complexity of integrating those safety features into the overall
plant design; and

Third, without compromising the protection of the public from
the most severe postulated accidents, to improve defenses against
lesser accidents which may result in substantial financial loss and
which erode public confidence even if they produce no substantial
public hazard.

We recommend a project with these approaches and objectives
which would draw expertise from all appropriate segments of the
industry and which would be conducted under the aegis of some
organization with the capability of sponsoring intraindustry efforts,
such as the American National Standards Institute.

I will now consider directly the specific and generic consider-
ations that have resulted from the Three Mile Island experience.
The first lesson to be learned is that we must continue to improve
the communication between machine and man, and of course I
mean this to apply to the operating phase.

Communication from machine to man comes by way of instru-
mentation. We know that the Three Mile Island experience sug-
gested certain specific hardware improvements that might be made
in the instrumentation area. Although the Combustion Engineer-
ing plants are rather different in design from the Three Mile
Island plant and would have responded differently to the initiating
events, we are currently examining these suggested improvements
for feasibility, method, and value. They include:

Positive position indication—that is, open or shut—for critical
valves;

I(ilstrumentation for indicating water level in the reactor vessel;
an

Improved instruments for detecting significant leakage from the
primary system.

Generically, the Three Mile Island experience has suggested the
degree of safety could be improved by simplyfing the interpretation
of instrument readings. With this in mind we are initiating an
instrumentation review of the Combustion Engineering plants
which addresses the generic problem as well as the specific instru-
mentation needs suggested by the incident. The review has the
following objectives:

Find the most direct and positive ways of indicating those condi-
tions that are crucial to the safety of the plant;

Search out any abnormal conditions under which each particular
type of instrument could give readings having a significant differ-
ence from the normal one, and correct that; and

Finally, whenever possible, assist the operator in recognizing
abnormal conditions quickly by combining information from differ-
ent instruments automatically—for example, via a computer—in
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cases where such information processing would give direct indica-
tion of an abnormality.

Let me emphasize that we are proceeding out of a sense of
prudence, not of doubt about the safety of our systems instrumen-
tation. Our customers, the public, expect no less of us in light of
the Three Mile Island incident. On a related, important subject,
additional members of the operating crews must be given greater
understanding of the entire plant’s behavior and of the physical
principles that govern that behavior.

Let me now address the second generic lesson to be learned from
Three Mile Island: the need for more attention to generalized
safeguards as well as those that deal with prepostulated accident
scenarios.

The containment building is such a generalized safeguard, and it
certainly proved its value at Three Mile Island. We do not visualize
another generalized safeguard of the scope and magnitude of the
containment building, but we do see the need to continue to search
out the possibilities of hazardous conditions, regardless of how
those conditions might come into being, and provide means to cope
with them.

The Three Mile Island experience, for example, demonstrated the
need for a means of remotely controlled venting of noncondensible
gases from the dome of the reactor vessel.

We are undertaking a generic investigation of the need for addi-
tional general safeguards equipment.

In conclusion, let me say that the engineering of new safety
equipment must proceed on an integrated systems basis to assure
that equipment added to improve safety under one set of circum-
stances does not degrade it under other circumstances. '

Finally, let me repeat something our company president, Mr.
Arthur Santry, said recently at our annual meeting of sharehold-
ers. He said that it is essential that we all heed President Carter’s
urging to proceed with ‘“‘care and reason” in considering the effects
of the Three Mile Island incident.

Nuclear power is far too important to be written off in an atmos-
phere of fear, doubt, and incomplete information. I know that you,
Mr. Chairman, and the members of your committee are sincerely
engaged in a search for truth about nuclear plant safety, and I
pledge my full support and that of my colleagues in the Nuclear
Power Systems Division of Combustion Engineering to help toward
that end.

I thank you very much.

[The prepared statement and biographical sketch of Dr. Dietrich
follow:]



Testimony for the Subcommitiee on Energy Research and Production
of the U, S. House of Representatives, 5/22/79

I am Joseph R. Dietrich, Chief Scientist for Nuclear Power Systems at
Combustion Engineering, Inc., and for many years Chairman of the Nuclear Safety
Committee for my company.

It is a pleasure to testify before the Subcommittee on Energy Research and
Production, on the subject of nuclear plant safety. I believe that what I say with
respect to safety principles and areas in which safety can be improved is representa-
tive of industry thinking, but when I speak of what is being done within the industry
I am confining my remarks to the activities of Combustion Engineering.

I am sure that a primary concern of this Committee is the implications of the
recent incident at Three Mile Island, so I will concentrate on those implications.
The Three Mile Island experience is regrettable and very costly, and an experience
which we are studying intensively so that our knowledge of safety technology and
operating practices may continue to improve.

A nuclear power plant is a complex system of machinery. That is why its
‘ designers have adopted the defense-in~depth principle for its safety design, That
principle provides not only in-depth safety systems and carefully engineering safe-
guards designed to cope with postulated accident sequences, but also safeguards of
a more general nature with capabilities for countering the effects of unforeseen
sequences.,

I believe the public is protected by the generalized safeguards. The Three Mile

Island incident did not prove otherwise. While the specific accident sequence was
unforeseen, the engineered safeguards used were successful in protecting the public.

One generic lesson to be learned from Three Mile Island is that we must continue
to improve the communication between machine and man. Another is that we must
give increased attention to generalized safeguards, as distinguished from those that
deal with pre-postulated accident scenarios. In discussing these points I will cite
specific improvements suggested by the Three Mile Island experience, and place them
in the context of more generalized classes of possible safety improvements which
merit further investigation.

I am also appending to this testimony a list of potential research and development
projects which are consistent with the approaches suggested here, and which we at
Combustion Engineering feel are worth assessment for possible government support.
Some of these have already been discussed with appropriate staff of the Department
of Energy.
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Each of the projects listed is directed toward a rather specific safety function.
Most of these functions are applicable generally to pressurized water nuclear
plants, but their effectiveness, the need for them, and the ease or difficulty of
implementing them depend upon over-all plant design. We therefore believe that,
for maximum effectiveness, the examination of specific possibilities such as these
should be supplemented by an integrated approach which would not only consgider
existing and proposed individual safety features, but would also re-examine the
design approaches used for the plant itself. Here I am not speaking of the possi-
bility of major changes in plant design concepts, but of approaches to detailed
design which might have safety benefits. The objective would be to implement
design principles which best serve a three-fold purpose:

—  to make less difficult demands on the operator, and to be more
forgiving of operator errors through minimization of the fre-
quency of occurrence and speed of development of operational
perturbations with potential for hazard;

—_ J to increase the effectiveness of safety systems and engineered
safeguards, and, to the extent possible, to decrease the com-
plexity of integrating those safety features into the over-all plant
design; .

—_ without compromising the protection of the public from the most
severe postulated accidents, to improve defenses against lesser
accidents which may result in substantial financial loss and which
erode public confidence even if they produce no substantial public
hazard. ’

We recommend a project with these approaches and objectives which would
draw expertise from all appropriate segments of the industry, and which would be
conducted under the aegis of some organization with the capability of sponsoying
intra~industry efforts, such as the American National Standards Institute.\/
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Let me now return to the subject of the specific and generic considerations
that have resulted from the Three Mile Island experience. I have said earlier
that the first lesson is that we must continue to improve the communication be-

tween machine and man, and I mean this to apply to the operating phase.

jCommunication from machine to man comes by way of instrumentation.
We know that the Three Mile Island experience suggested certain specific hard-
ware improvements that might be made in the instrumentation area, Although the
Combustion Engineering plants are rather different in design from the Three Mile
Island plant, and would have responded differently to the initiating events, we are
currently examining these suggested improvements for feasibility, method, and
value. They include:

—  Positive position indication (i.e. open or shut) for critical
valves,

— Instrumentation for indicating water level in the reactor
vessel.

—_— Improved instruments for detecting significant leakage from
the primary system.

(-0wtriAN The Three Mile Island experience has suggested the degree of safety could be
improved by simplifying the interpretation of instrument readings., With this in
mind we are initiating an instrumentation review of the Combustion Engineering
plants which addresses the generic problem as well as the specific instrumentation
needs suggested by the incident. The review has the following objectives:

—_ Find the most direct and positive ways of indicating those
conditions that are crucial to the safety of the plant.

—_— Search out any abnormal conditions under which each particular
type of instrument could give r¢adings having a significance
different from the normal one,/ When such conditions are found,
provide other instruments or adequate operator instructions for
recognizing the abnormality.

—_ ‘Whenever possible, assist the operator in recognizing abnormal
conditions quickly by combining information from different instru-
ments automatically (e.g. via a computer) in cases where such
information processing would give direct indication of an
abnormality.

Let me emphasize that we are proceeding out of a sense of prudence, not of
doubt about the safety of our systems' instrumentation, Our customers, the
public, expect no less of us in light of the Three Mile Island incident. On a related,
important, subject, additional members of the operating crews must be given
greater understanding of the entire plant's behavior and of the physical principles
that govern that behavior. '
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Let me now address the second generic lesson to be learned from Three
Mile Island: the need for more attention to generalized safeguards as well as
those that deal with pre-postulated accident scenarios, The containment building
is such a generalized safeguard, and it certainly proved its value at Three Mile
Island. We do not visualize another generalized safeguard of the scope and magni-
tude of the containment building, but we do see the need to continue to search out
the possibilities of hazardous conditions, regardless of how those conditions might
come into being, and provide means to cope with them. The Three Mile Island
experience, for example, demonstrated the need for a means of remotely con-
trolled venting of non-condensible gases from the dome of the reactor vessel
While we do not believe that there was ever a danger from the explosion of the
so-called hydrogen bubble, the presence of that non-condensible gas was a major
impediment to coolant circulation and pressure reduction during the process of
recovery from the incident, A generic investigation of the need for additional
general safeguard equipment is being initiated at Combustion Engineering.

In conclusion let me say that the engineering of new safety equipment must
proceed on an integrated systems basis to assure that equipment added to improve
safety under one set of circumstances does not degrade it unde;- other circumstances.

Finally, let me repeat something our Company presidentyfaid recently at our
annual meeting of shareholders. He said that it is essential that we 21l heed
President Carter's urging to proceed with f'care and reason" in considering the
effects of the Three Mile Island incident. ¢ Adding to that, let me say, there is no
justification, in my opinion, to denigrate the hard work of many talented, dedicated
engineers and scientists who literally have devoted their lives to trying to make
nuclear power work for the nation's energy needs—with the utmost concern for the
safety of our citizens and workers. There also is no justification to automatically
condemn as hazardous the nuclear plants that have been operating efficiently and
safely for many years before the TMI incident.

I believe you, Congressman McCormack, and the members of your subcom-
mittee are sincerely engaged in a search for truth about nuclear plant safety and
I pledge my full support and that of my colleagues in the Nuclear Power Systems
Division of Combustion Engineering to help in that end.

Again, as Arthur J. Santry, Jr., Combustion Engineering's president has
said, "Nuclear power is far too important to be written off in an atmosphere of
fear, doubt and incomplete information”,

Thank you for your attention.
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List of Suggested R&D Projects

The following is a suggested list of projects for consideration in a
government-sponsored safety R&D program. The list contains some that
have not yet been thoroughly assessed for their potential value or effective-
ness. There is no intent to imply that the developmental products of all of
the projects listed are needed for safety improvement: some of the projects
represent alternate routes to the same result, and some would simply result
in alternate, and possibly better, ways of implementing safety functions
already provided on operating plants. ’

—_ Improvement of Analytical Methods and Computer Codes

1. Development of a Best Estimate* NSSS (Nuclear Steam Supply
System) Simulation Code for Non-LOCA Design Basis Events

2. Development and Test of a Best Estimate* Small Break LOCA
Model

3. Development of an Improved Set of Event Scenarios for Consider-
ation During Safety Evaluations

4. Verification of Methodology of Best Estimate* NSSS Models

5. Extension of NSSS Simulation Codes to Include the Power
Conversion System

—_ Analytical Investigations

1. Best Estimate* NSSS and Containment Transient Analysis for
Operator Guidance and Training

2. Evaluations of Changes in Plant Design Features

3. Natural Circulation Separate Effects Studies and Best Estimate
Analysis*

* Analyses and computer codes used for licensing calculations have built-in
conservatisms which yield conservative results, but distort the calculated
course of events relative to reality. Alternate ""best estimate' codes are
needed to give designers and operators the true picture of the physical
situation to be addressed.

48~721 0 - 79 ~ 2
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Analysis of Post-Accident Operation of Reactor Coolant Pump
Auxiliaries and Recommendations for Post-Accident Handling
of Pumps

Development of Fuel Behavior Analysis System, and Analysis of
Methods of Operation for Minimizing Probability of Fuel Damage

Analytical Prediction of Behavior of Reactor Core When
Under-Cooled

Fluid System Improvements

Design Development of a High Pressure Shutdown Cooling System

Design Development of a Passive Residual Heat Removal System

Design Development of a Post-Accident Sampling and Chemical
Control System

Design Development of a Post-Accident Reactor Coolant System
Venting and Degassing System

Evaluation of Radioactive Waste Processing Systems under Post-
Accident Conditions

Equipment Certification for Radioactive Waste Treatment Systems
under Post-Accident Conditions

Instrumentation, Control, and Monitoring

Development of a Reliable System for Giving Positive Indication
of Relief Valve Position :

Feasibility Evaluation of Measurement of Reactor Vessel Water
Level

Development of a Plant Status Monitoring System

Development of a Display System to Indicate Proximity to Operating
Limitations During Off-Normal Conditions

Development of a Display System to Indicate and Predict Trends
of Safety-Related Plant Variables i

Development of a Past-Accident Plant Monitoring System
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Operating Procedures and Man-Machine Interface

Develop and Assess Symptom/Function Oriented Operating
Procedures for Abnormal Conditions, as an Alternative to Event
Oriented Procedures

Improve and Expand Procedures for Initiating and Maintaining
Natural Circulation

Improve Information Displays through the Application of Human
Engineering Principles

Development of an Advanced Monitoring System to Provide
Diagnostic Information, Recommend Corrective Actions, and
Pre-Calculate Effects of Specific Operator Actions under
Prevailing Conditions
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RESUME
JOSEPH R. DIETRICH

Chief Scientist, Nuclear Power Systems, Combustion Engineering,
Inc., Ph.D., Physics, University of Virginia, 1939. During the years
of World War II worked as a physicist with National Advisory Committee
for Aeronautics. Has been in nuclear power development since 1946,
joining the first "Power Pile" group at Oak Ridge. Later, at Argonne
National Laboratory, was in charge of reactor physics for the prototype
power plant for first nuclear submarine. At Argonne was in charge of
planning, theory and experimental instrumentation for BORAX experi-
ments, and during 1953 and 1954 was one of team which carried out the
experiments at National Reactor Testing Station. These were the first
large-scale reactor safety experiments; they demonstrated the inherent
safety of the light water moderated nuclear reactor against reactivity
accidents, and proved the feasibility of the boiling water reactor.

Later became Associate Director of the Reactor Engineering Division
at Argonne. 1956-1964, a Vice President of General Nuclear Engineering
Corporation, Dunedin, Florida, which, during the latter part of that
period, was a subsidiary of Combustion Engineering. In 1964 became
Chief Scientist, Nuclear Power Systems, for Combustion Engineering at
Windsor, Connecticut.

His current duties cover line responsibility for advanced systems,
including the fast breeder, as well as participation in such over-all tech-
nical management activities as R&D direction, coordination of international
technical cooperation, and planning and policy decisions.

Compiled and edited (with Dr. Walter H. Zinn) the United States
Presentation volume Solid Fuel Reactors for Second International Con-
ference on Peaceful Uses of Atomic Energy in 1958. Was Editor of AEC-
published quarterly technical review, Power Reactor Technology from
1961 to 1965. Fellow, and was President of American Nuclear Society
for the 1977-1978.term; Member, National Academy of Engineering.

Mr. McCormack. Thank you, Dr. Dietrich. We appreciate ycur
statement, and I have some questions for you when the times
comes.

I would like to move now to Mr. Milton Levenson.

“Mr. Levenson is director of the Nuclear Power Division of the
Electric Power Research Institute. EPRI is doing a great deal of
research on its own, and it has been doing so for a long time.

We are very pleased to have you here, Milt, and we would like to
ask you to proceed with your testimony as you wish.

STATEMENT OF MILTON LEVENSON, DIRECTOR, NUCLEAR
POWER DIVISION, ELECTRIC POWER RESEARCH INSTITUTE

Mr. LevensoN. Thank you.

Mr. Chairman, members of the committee and distinguished
guests, my name is Milton Levenson. I am director of the Nuclear
Power Division of the Electric Power Research Institute. ‘

I recently served as chairman of the Three Mile Island Ad Hoc
Industry Advisory Group, a group of 100 experts from all sectors of
the technical community, including reactor manufacturers, archi-
tect/engineers, utilities, national laboratories, universities, consult-
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ants, NASA, and EPRI. This group responded to the call for help
issued by GPU, and provided an independent onsite review of all
major actions undertaken during the month following the TMI
accident. The basis of my remarks is this recent experience super-
imposed on a background of 35 years in nuclear R. & D.

The aspect of today’s hearing theme of “Nuclear Reactor Safety
Systems—Philosophy and Technology” that I would like to com-
ment on is the man-machine interface.

Dr. Dietrich has mentioned that phrase. One member, Mr. Gold-
water, also mentioned that phrase. It is clearly an important part
of the issue, but I think it is not just the classical question of what
should be done by a man or what should be done by the machine,
but I think we must address the much broader issues of man’s
relation to the machine, not only the man in the control room, but
during design, construction, management, all aspects of operation,
including maintenance, and regulation.

The TMI accident was very serious from a plant damage stand-
point, and involved a very complex chain of events whose succes-
sion after the originating event was triggered by both men and
machines. Because of the complex nature of both the systems and
the accident, it will be some time before all the lessons that can be
learned are learned. In fact, a significant number of the lessons—
my personal opinion is the majority of the lessons—will have noth-
ing to do with the accident itself but will be learned because the
system is being subjected to a scrutiny considerably more intense
and somewhat different in direction than has been the case in the
recent past.

During the weeks spent at Harrisburg and in the weeks since, I
have been attempting to categorize, both the initiating events and
the secondary events—not only from the overall safety aspects
concerning what should we do about running plants, but also from
the viewpoint of on the nuclear R. & D. program for which EPRI is
responsible.

I have been unable to identify any new phenomena uncovered by
the accident, nor have there really been any major surprises to the
technical or scientific community with the exception, and it is
perhaps a very large exception, of the realization of how preoccu-
pied everyone had become with an unlikely public catastrophe—
TMI was not such a catastrophe.

I am sure that the current scrutiny nuclear plants are undergo- -
ing will lead to some changes in the nuclear steam supply system
hardware, some changes in the balance of plant, some revision in
the roles and emphasis of supervision and management, some revi-
sions in operations including information display and analysis. It
will probably also lead to revisions in the emphasis of training
programs and procedures and to changes in regulation.

These changes will not require extensive new developments nor
research into entirely new areas nor require new technology, but
rather will require that we go back into more mundane areas we
once explored more thoroughly, but in recent years have skimmed
over in our search for larger and more serious pseudo-hazards with
which to terrify ourselves. Designing and building powerplants so
that they have a minimum probability of failing under improbable
events does not guarantee maximum safety and does not guarantee
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that the risk to the public is at the practically achievable mini-
mum. It is much more important to design and protect against
events which are more likely to occur.

Training operators to respond to accidents initiated by double
ended, guillotine, large pipe breaks, coincident with either a large
earthquake or a large commercial airliner crashing into the plant
~does not necessarily train that operator to properly cope with a
stuck valve or an ambiguous water level indication, and more
intense training is no answer if the training is for the wrong
contingency.

Risk assessments have been done by many groups in this country
and several are underway abroad. I don’t intend to get into the
argument of the merits of any particular study nor defend the
absolute values of any of the conclusions, but I think there is one
thing that is consistent in all of the studies and I think is defensi-
ble, and that is the maximum risk arises not from the maximum
events, but rather from the aggregate of the lesser events.

The message of Three Mile Island is that we must go back and
assure ourselves that we are doing everything that is practical to
reduce the risk to the public and to the plant, instead of attempt-
ing to assure ourselves that we are doing everything possible about
the largest conceivable accidents. :

To do this, we must review our plant designs. We must ask
ourselves how we operate our plants and how we manage them and
how we regulate them when lesser accidents occur so that another
TMI sump pump out doesn’t occur.

We must refocus the thinking of the designers, the builders, the

owners, the operators, and the regulators toward this objective of
minimizing the real risks. It is essential that this be a common
objective because if it is not also the objective of the reviewers and
regulators, it becomes an unachievable goal.
" The theme of today’s session is “Safety Systems,” and we all
recognize that both men and machines are essential parts of that
system. I believe that safety enhancement will be maximized by
remembering that it isn’t only the operator and the switch he
throws, but also the designer and the lines he draws, the electri-
cian and the wires he pulls, and the regulator and the changes he
permits or induces or in some cases demands. Each of these actions
can be done correctly and each can be done incorrectly, and there-
fore, reviews of checks and balances must exist for all.

It should be noted that while TMI was a very serious accident
from the property damage standpoint and from its financial
impact, and we should recognize that the financial impact is due
primarily to the high price of the replacement electricity produced
from oil compared to the cheaper cost of nuclear power, and it may
have been a disaster from the communications standpoint, it was
not a disaster from the public safety standpoint.

Because many of the lessons learned have already been imple-
mented, those nuclear plants now operating are even safer than
they were before the accident.
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In closing, I would like to say that I think it would be unfortu-
nate indeed if TMI resulted in massive new programs to explore
extremely unlikely events, or at the other extreme, people attempt
to gloss it over by saying, it is just better operator training is all we
need, or better management. It was a system problem. I think we
must review all aspects of this system and improve each and every
piece of the total system.

Thank you, Mr. Chairman.

. l[iI‘he]prepared statement and biographical sketch of Mr. Levenson
ollow:
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MILTON LEVENSON

Milton Levenson is Director. of the Nuclear Power Division, Electric

Power Research Institute (EPRI), Palo Alto, California.

Prior to joining EPRI, Levenson was Associate Laboratory Djrector
for Energy and Environment at the Argonne National Laboratory in »

Argonne, Illinois.

At Argonne he at various times held the positions of project manager
of the Argonne Advanced Research Reactor, Project Director of the Experimental

Breeder Reactor, and Deputy Director of the Chemical Engineering Division.

Prior to joining Argonne, Mr. Levenson;worked at what is now the Oak

Ridge Hational Laboratory from 1944 to 1948.

Levenson was chairman of Argonne's Reactor Safety Review Committee
from 1954 to 1968 and was technical advisor at the Geneva Conferences on

the Peaceful Uses of Atomic Energy in 1958, 1964, and 1971.

Levenson is a member of the National Academy of Engineering, a
Fellow of the American Nuc]eaf Saciety, and:a mamber of the American
Institute of Chemical Engineers as well as the recipient of its Robert

E. Wilson Award for 1975.
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Testimony for the House Subcommittee on
Energy Research and Production
by
Milton Levenson
- May 22, 1979

Mr. Chairman, members of the committee, my name is Milton Levenson. I am
Director of the Nuclear Power Division of the Electric Power Research Institute.*
I recently served as Chairman of the Three Mile Island Ad Hoc Industry Advisory
Group, a group of 100 experts from all sectors of the technical community
including reactor vendors, architect/engineers, utilities, National Laboratories,
universities, consy]tants, NASA and EPRI. This group responded to the call

for help and provided an independent on-site review of all major actions
undertaken during the month following the TMI accident. The basis of these
remarks is this most recent experience superimposed on a background of 35 years

in nuclear R & D.

The aspect of today's hearing theme of Nuclear Reactor Safety Systems - Philosophy
and Technology that I would like to comment on is the man-machine interface -

not just the classical question of what should be done by a man aﬁd what should

be automated, but rather the much broader issues of man's relation to the machine
during design, construction, management, operation, and regulation. The TMI
accident was very serious from a plant damage standpoint, and involved a very
compiex chain of events whose succession was triggered by both men and machines.
Because of the complex nature of both the systems and the accident, it will be

sometime before all the lessons that can be learned are learned and, in fact,

* EPRI is a not-for-profit research institute established by the electric
utility industry to manage research leading toward low cost, yet reliable
electric power. The membership consists of government, municipal, rural
cooperative and investor-owned utilifies. Approximately one-quarter of
the budget is related to research in the nuclear power area, about 30 is
devoted to fossil fuel research, and there are ongoing programs in all
relevent areas of electric power research.
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a significant number of the lessons will have nothing to do with the accident,
but will be learned because the system is being subjected to a scrutiny

considerably more intense than has been the case in the recent past.

During the weeks spent at Harrisburg and in the weeks since, we have been
attempting to categorize both the initiating events and the secondary events -
not only from the overall safety aspects, but also from the viewpoint of
impact on the Nuclear R & D Program that EPRI is responsible for. e have
been unable to identify any new phenomena uncovered by the accident, nor

have there really been any major surprises to the technical or scientific
community except for the realization of how preoccupied everyone had become

with the unlikely public catastrophe.

I am sure that the current scrutiny will eventually lead to some changes in
the Nuclear Steam Supply System Hardware, to some changes in the Balance of
Plant Hardware, to some revision in the roles and emphasis of supervision

and management, to some revisions in operations including information display
and analysis and revisions in the emphasis of training programs and procedures
and also to changes in regulation. These changes will not require extensive
new developments nor research into entirely new areas nor require new
technology, but rather will require that we go back into more mundane areas

ve once explored more thoroughly, but in recent years have skimmed over in

our search for larger and more serious hazards with which to terrify ourselves.
Designing and building power plants go that they have a minimum probability

of failing under improbable events does not guarantee maximum safety and

does not guarantee that the risk to the public is at the practically achievable

minimum. It is more important to design and protect against the more likely.



24

Training operators to respond to accidents initiated by double ended guillotine
large ‘pipe breaks coincident with-either a large earthquake or a large
commercial airliner crashing into the plant does not necessarily train that
operator to properly cope with a stuck valve or an ambiguous water level
indication. Risk assessments have been done by many groups in this country
and several are underway abroad. I don't intend to argue the merits of any
particular study nor defend the absolute values of any of the conclusions,

but one thing the studies all point out is that the maximum risk arises not

from the maximum events, but rather from the aggregate of the lessor events.

The confirmatory message of Three Mile Island is that we must go back and
assure ourselves that we are doing everything that is practical to reduce

the risk to the public and to the plant, instead of attempting to assure
ourselves that we are doing everything possible about the largest conceivable
accidents. To do this, we must review our designs and plants for lessor
events - for example, to make sure that containment buildings isolate on
lessor accidents so that another THI sump pump-out doesn't occur automatically.
We must refocus the thinking of the designers, the builders, the owners, the
operators and the regulators toward this objective of minimizing real risks.
It is essential that this be a common objective, because if it is not also
the objective of the reviewers and regulators, it becomes an unachievable

goal.

The theme of today's session is Safety Systems, and we all recognize that both
men and machines are essential parts of that system. I believe that safety

enhancement will be maximized by remembering that it isn't only the operator
and the switch he throws, but rather also the designer and the lines he draws,

the electrician and the wires he pulls, and the regulator and the changes

- 3-
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he permits or induces or demands. Each of these actions can be done correctly
and each can be done incorrectly and, therefore, reviews of checks and balances

must exist for all.

It should be noted that while TMI was a very serious accident from the property
damage standpoint and from its financial impact - due primarily to the high
price of the replacement electricity produced from oil compared to nuclear -
and it may have been a disaster from the communication standpoint, it was not

a disaster from the public health standpoint.

"Because many of the 1éssons learned have already been implemented; those nuclear

plants now operating are even safer than they were before the accident.

In closing, I would like to say that I think it would be unfortunate indeed
if TMI resulted in massive new programs to explore the unlikely or, at the
other extreme, resulted in people oversimplifying the cause and saying we
Just need different management or better operators or more training will

solve it all. It was a system problem, and we must address it as such.

MiLToN LEVENSON

Milton Levenson is Director of the Nuclear Power Division, Electric Power Re-
search Institute (EPRI), Palo Alto, California.

Prior to joining EPRI, Levenson was Associate Laboratory Director for Energy
and Environment at the Argonne National Laboratory in Argonne, Illinois.

At Argonne he at various times held the positions of project manager of the
Argonne Advanced Research Reactor, Project Director of the Experimental Breeder
Reactor, and Deputy Director of the Chemical Engineering Division.

Prior to joining Argonne, Mr. Levenson worked at what is now the Oak Ridge
National Laboratory from 1944 to 1948.

Levenson was chairman of Argonne’s Reactor Safety Review Committee from
1954 to 1968 and was technical advisor at the Geneva Conferences on the Peaceful
Uses of Atomic Energy in 1958, 1964, and 1971.

Levenson is a member of the National Academy of Engineering, a Fellow of the
American Nuclear Society, and a member of the American Institute of Chemical
Engineers as well as the recipient of its Robert E. Wilson Award for 1975.

Mr. McCormack. Thank you, Mr. Levenson.

We also have some questions for you when the time comes.

Our next witness is Mr. William Kénnedy, vice president and
director of engineering, Stone & Webster Engineering Corp.

Mr. Kennedy, you are welcome. We have your testimony in its
entirety, and it will be included in the record, and we should like
to have you proceed as you wish.
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STATEMENT OF WILLIAM KENNEDY, VICE PRESIDENT AND DI-
RECTOR OF ENGINEERING, STONE & WEBSTER ENGINEERING
CORP. ‘

Mr. KeNNEDY. Thank you very much, Mr. Chairman.

1 will summarize my testimony, and probably throw in a few
more thoughts.

My name is Bill Kennedy, vice president and director of engi-
neering of Stone & Webster.

Not only am I responsible for our nuclear work, but I do a great
deal in fusion, solar, and all kinds of other things.

Mr. McCorMACK. I am going to have to ask you to speak a little
harder into that mike. You have to drive these mikes pretty hard.

Mr. KENNEDY. I am glad to appear before the committee today to
offer some general thoughts on a part of the engineering profession
in the nuclear industry.

Safety, it is fundamental to an engineer’s philosophy. We have in
nuclear industry probably misled the public in that we have al-
lowed ourselves to concentrate on major accidents with extremely
low probability, and in that way we have allowed the public to
believe that we thought and told them we could design foolproof
systems. We cannot nor do we need to.

All of the accidents with which I am familiar in some detail, and
I will not comment on Three Mile Island greatly because I have
had tremendous difficulty in trying to sort out the facts from
fiction, but from Fermi 1 on, in no case was this the kind of an
accident on which we had spent the majority of our time. They
were much smaller accidents. Certainly they had tremendous eco-
nomic impact, but none of these accidents represented a clear
danger to the public.

The public, however, is left with the impression that we have
said that it couldn’t happen. Well, what we said couldn’t happen
didn’t in fact happen. We have spent far too much time worrying
about these major accidents, a double ended rupture of 3% inch
thick wall pipe, and we have not spent enough time looking at the
reliability of lesser important systems.

As engineers, we assume that there will be failures of equipment,
operators, and designs, and our designs take this into consideration
by the use of redundancy and diversity in these, and as a matter of
fact, the nuclear reactor is a pretty important giving device. The
plant itself at Three Mile Island and at Fermi before it, the reactor
portion of the plant performed very well.

Good engineering then does not assume nothing can go wrong. In
fiCt it assumes precisely the oposite and tries to take account of
that.

I have brought along with me a scale model over there which the
committee may find of some interest in looking at some of the
details regarding safety systems and defense in depth, and I will
not dwell on that.

Mr. GoLpwaTER. Mr. Kennedy, I am having a difficult time
hearing you.

Mr. KENNEDY. I will have to try speaking louder then.

The next two points that I would like to address are quality
assurance and standardization, and I can’t help note our French
friends here. Some of my associates had the privilege of visiting
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Gravelines not so long ago. Plants are built in 5 years and on a
continuous basis. One of the major difficulties with our quality
control requirements in the United States is the fact that the
industry is starting and stopping. Our construction workers can
and will do a good job. They are interested in quality, particularly
.. they understand the importance of it. Yet all of the changes and
all of the time delays that we put into our designs are very debili-
tating. There is nothing that hurts a workman worse than to see
his work removed because somebody decided it needed to be a little
bit different. It is a terrible thing on workmen, and pretty quickly
they lose interest.

Also, when jobs are started and stopped, it is very hard for them
to believe that it is really necessary.

As far as standardization is concerned, I am personally convinced
that once again we have referred in large measure to the major
accident, whereas it is the detailed engineering that will make this
industry go. It is attention to detail.

Just to give you some indication, I worked and was project engi-
neer on the Connecticut Yankee plant, of which I am extremely
proud. We spend right now in the design portion for great earth-
quakes more than the entire engineering that we put in the Con-
necticut Yankee plant. I personally think that is a complete and
total waste. We should be looking at the system design and not
wasting our time looking at these very unusual accidents in the
depth that we are.

Now I believe the standardization can particularly allow us to
get ahead with designs that will in fact withstand major earth-
quakes, and I note in passing that there is no instance of a modern
powerplant being damaged by an earthquake anywhere in the
world, and we spend unbelievable amounts of engineering time in
doing seismic analysis. But standardization, allows engineers to
look at the things we need to, the regulators to look at the things
that they need to, and the operators not to have a diversity of
plants in which to operate, and when an accident does occur, that
tll1ere will be many more people much more familiar with the
plant.

Certainly the recent accident at Three Mile Island is of great
interest to all of us. It is certainly a laboratory waiting to be
analyzed. We fairly recently, in Stone & Webster, have taken up
using Bell Telephone System PhonoVision for meetings and confer-
ences. My own personal opinion is that one of the things that is
missing from our nuclear plants is a much more improved commu-
nications system, the use of television, the use of small micro-
phones within containment.

Just think of how nice it would have been to have had two or
three TV cameras within the Three Mile Island containment, or
even a couple of microphones. I think that this kind of thing can be
done. I think our public relations is a problem we didn’t think
about, that there is absolutely no reason why full information from
a faulted powerplant cannot be put into load dispatch centers,
almost anything that is necessary so that the operator can virtual-
ly instantaneously have at his services the help of some very
experienced people.
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In short, I believe that the engineering profession has done an
outstanding job in designing nuclear powerplants. We have never
said they will be foolproof. We will probably have problems again.

We believe that with the proper emphasis on the detailed design,
rather than on major accidents, on standardization, and on careful
attention to quality control, we will continue to have an excellent
and outstanding industry.

Thank you, sir. .

[The prepared statement of Mr. Kennedy follows:]

STATEMENT OF WiLLIAM J. L. KENNEDY, VICE PRESIDENT AND DIRECTOR TO
ENGINEERING, STONE & WEBSTER ENGINEERING CORP.

Mr. Chairman and members of the subcommittee, My name is William J. L.
Kennedy and I am a Vice President and Director of Engineering of Stone & Webster
Engineering Corporation.

T am pleased to appear before your subcommittee to discuss nuclear power plant
safety philosophy and technology. Stone & Webster has been involved in the design
and construction of nuclear energy facilities since the outset of the commercial
nuclear power industry, having engineered and built the first demonstration plant,
Shippingport.

Needless to say, safety considerations are fundamental to engineering philosophy.
Indeed, by definition an engineer’s job is to employ technology for the benefit of
man in a safe and economical manner. This underlying principle is even more
emphasized in the nuclear power field, given the origin of this energy source.
Unfortunately, this background has led the public to fear any accident or failure of
equipment in a nuclear plant and to assume that any accident in a nuclear plant
will have catastrophic effects. Perhaps by way of excessive response to this situa-
tion, industry and government alike, through efforts to allay public anxiety, relied
so heavily on probability data showing the low likelihood of an accident with severe
public consequences that we led the public to believe the nuclear plants are fool-
proof. Thus, the assertions since TMI that the public was lied to—that “they said it
couldn’t happen, but it did.”

What was said in engineering language was that a major loss-of-coolant accident
with a total core melt-down was an event of very low probability; and it did not
happen at TMIL ‘ )

From the outset, an architect-engineer incorporates the philosophy of safety into
the basic plant engineering and, in addition, provides specific protection by incorpo-
rating redundant safety systems to accommodate possible accident conditions, by
separating physically three systems, by adding diverse systems to perform similiar
functions and by separating safety systems from non-safety systems. The concept is
then carried to the extreme of assuming the failure of such systems and providing
means to mitigate the results which could be expected. Thus, we add the contain-
ment with attendent filtering systems, etc.

We have available a scale model of our reference nuclear plant depicting the
various special safety systems employed. I have attached as an appendix to my
testimony a listing of the safety features displayed and I'd be pleased to explain
them using them the model, as time permits.

This model illustrates the overall “defense-in-depth” reactor safety philosophy
used in the design of nuclear facilities. These facilities are designed to provide (1) a
large margin of safety for defects in materials and equipment, acts of nature, and
possible human error; (2) backup systems that will compensate automatically for
failure of essential equipment and (8) equipment and systems (such as the emergecy
core cooling systems and containment) to limit the public consequences of even
highly unlikely accidents.

Application of the “defense-in-depth” philosophy results in the provision of multi-
ple physical barriers between the reactor fuel and the environment outside its
plant. The fuel is contained in a sealed metal claddinger the clad fuel is contained
in a heavy steel primary contain system; and the primary coolant system is enclosed
in a massive concrete and steel containment building.

A Quality Assurance program is employed from the outset of the design phase
through component manufacture and containment to ensure a finished product of
high quality. This program also features multiple, redundant efforts to review
calculations, designs, and specifications by independent reviewers. Manufacturers
inspect their products and these are verified by both the utilities and AEC. The
federal government, through AEC, audits and inspects to ensure program validity.
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Obviously, however, quality must be designed and built in at the outset; no amount
of inspection will add quality.

QA organizations are independent of production and are answerable directly to
top management. This ensures against diminution of QA efforts due to production
demands and pressures and enhances objectivity where these interests may conflict.

In the construction of a plant, we have:learned that standardization pays hand-
some dividends. Detailed work processes involving parallel paths and repetitive
operations yield a higher degree of ‘skills and therefore improved quality. Our
construction innovations program is aimed at using the best and most efficient
methods and needs, reducing peak manpower requirements and permitting firmer
quality control. :

Our basic plant designs are evaluated for safe constructurability, operability, and
maintainability. For each phase of a project, we have standardized our construction
methods .and procedures, such as material controls, handling and storage, steel
erection, concrete placement, etc., including independent inspection of each. Special
training is provided to responsible personnel on these procedures.

We also have developed a standardized system for reviewing significant engineer-
ing, design, construction and QA issue that arise in order to ensure incorporation of
lessons learned from each into other project efforts. These efforts, while not un-
known to other large industrial programs, are unprecedented in the degree to which
they are employed on nuclear facilities. Obviously, the unmatched safety record of
the nuclear industry bears witness to the wisdom of this approach.

We believe standardization can contribute positively in a number of ways. Repeat-
ed designs and construction and manufacturing techniques and procedures permit
increased efficiency resulting in higher quality; and that translates to greater
safety. Another significant advantage of standardization in the reduction in the
number of plant design variations with which plant operators and emergency teams
would have to be familiar. This would concern increased operator capability. Stand-
ardization will permit greater concentration of specialized talents on more detailed
safety considerations. Standardization will lead to increased efficiency and thus
improved safety and, because of favorable cost impact, the additional benefit of
lower power costs to the public.

The recent accident at Three Mile Island Unit 2 provides a here-to-fore unavail-
able perspective from which to view this approach to safety. The defense-in-depth
concept appears to be valid. Safety systems did work. The physical integrity of the
reactor coolant system was maintained. When initiated, containment was main-
tained. While we have not had the opportunity to evalute the data in detail, it
appears that this was true despite some failures of equipment and some yet to be
explained operator actions. This, I think, demonstrates the remarkable resiliency of
I:ihe plant to withstand adverse conditions, and that is exactly what is is designed to

0.

We have much to learn from this event as the detailed information becomes
available. The plant has been characterized as a laboratory awaiting analysis and I
agree. There are some lessons which are already apparent. Perhaps the most obvi-
ous is that in both licensing and design, the industry and the regulators may have
been concentrating too hard on the hypothetical catastrophic event involving total
instantaneous loss of coolant with the necessity of response in fractions of a second
to the exclusion of more likely incidents of lesser severity. I would point out,
contrary to what one might believe from reading the papers or watching television
accounts, that TMI was far short of such a hypothetical event.

It appears that there is considerable room for improvement in the manner in
which information for plant status is made available to the operators and the
public. The ability to verify what is actually occurring is vitally important to ensure
confident decision making. In this regard, 1 personally favor extensive use of video
and audio relay systems so the plant operators can actually see and hear what is
happening. Had the TMI operators seen the water running out of the pressurizer
and accumulating on the containment building floor, they obviously would have had
a better basis upon which to assess conditions and determine the required responses.

Recent experiments at the LOFT facility in Idaho have confirmed the efficacy of
current designs to protect the core against the catastrophic loss-of-coolant accident.
The real life experience of TMI indicates the need to expend further effort to ensure
that lesser events are not permitted to propagate to endanger the public or plant
performance. There are obviously several facets to this including equipment design,
control design, and operator training. The safety record of nuclear plants is un-
matched by any other industrial sector, and I include recent events in that assess-
ment. We are proud of this record and will strive to improve on it. Of course, the
broader aspects of governmental response to emergency conditions and all that
involves has been shown to be amenable to improvements as well.

48-721 0 - 79 ~ 3
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I shall be pleased to respond to your questions.

- APPENDIX—SAFETY FEATURES, STONE & WEBSTER MODEL

Reactor Vessel—Contains core, control rods, and reactor coolant.

Reactor Core—Generates heat by nuclear fission.

Reactor Coolant Pumps and Piping System—Circulate reactor coolant.

Pressurizer—Pressurizes reactor coolent to 2250 psi.

Pressurizer Relief Tank—Receives pressurizer discharges.

Steam Generators—Generate non-radioactive steam.

Reactor Containment and Liner—Contain radioactive vapors.

Accumulators—Automatically inject emergencE core cooling (ECC) water.

Safety Injection Pumps—Automatically pump ECC water. .

Charging Pumps—Automatically pump ECC water.

Boron Injection Tank—Boron prevents nuclear chain reaction.

Residual Heat Removal Pumps—Automatically pump ECC water.

Residual Heat Removal Heat Exchangers—Remove heat from core.

Containment Spray Pumps and Spray Headers—Spray reduces pressure and ad-
sorbs radioactive iodine. - /

Refueling Water Storage Tank—Stores ECC and spray water.

Chemical Addition Tank—Adds iodine absorbent to spray.

Containment Atmosphere Recirculation Coolers—Remove heat.
F 1Supplementary Leak Collection and Release System Fans and Charcoal Filters—

ilter air.

Hydrogen Recombiner—Removes hydrogen from containment.

Turbine and Motor Driven Auxiliary Feedwater Pumps—Provide water to steam
generators to cool core.

Auxiliary Feedwater Storage Tank.

Main Feedwater Piping—From main feedwater pumps.

Main Steam Piping—To turbine-generator.

Atmospheric Dump Valves—Release non-radicactive steam to remove heat.

Containment Isolation Valves—Automatically close when required.

Cable Trays—Separate red, white, blue, and yellow electrical safety circuits and
black non-safety circuits. . .

Cable Spreading Areas—Separate cables for protection.

Control Room.

Main Control Boards—Used during normal operation.

Engineered Safety Features (ESF) Control Boards—Control and monitor safety
systems.

ESF Relay, Logic and Actuation Panels—Redundant Safety control equipment.

Electrical Circuit Breakers—Control and power safety electrical equipment.

Auxiliary Shutdown Panels—Alternate shutdown controls.

Batteries—Power safety electrical circuits if off-site power is lost.

Diesel Generators—Provide standby power if off-site power is lost.

Fire Protection—Red piping and hose stations.

Fuel Transfer Mechanism.

Spent Fuel Racks—Provide underwater storage.

Spent Fuel Shipping Cask.

Mr. McCormack. Thank you, sir. We will come back to the
questions presently.

We will now hear from Dr. Chauncey Kepford, director of the
Environmental Coalition on Nuclear Power.

Dr. Kepford, welcome. Your testimony will be included in the
record. You may proceed

STATEMENT OF DR. CHAUNCEY KEPFORD, DIRECTOR,
ENVIRONMENTAL COALITION ON NUCLEAR POWER

Dr. Keprorp. Thank you, Mr. Chairman. ~

First off, I am not the director of the Environmental Coalition on
Nuclear Power. One of the codirectors is here with me today, Dr.
Judith Johnsrud. By default, I am the legal and technical director
of the coalition, because nobody wants to be.

Mr. McCorMAcCK. We welcome you with whatever title.

Dr. Keprorp. Thank you.
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I wasn’t inside at Three Mile Island. I was on the outside. Our
house was used and our facilities were used by the refugees from
Three Mile Island, people who had to flee their own homes because
of this accident, because they were not being told the truth by
Metropolitan Edison Co., or the Nuclear Regulatory Commission,
about what was going on.

There were thousands of people in this very kind of a position,
that they had to leave their homes. It really bothers me to hear
this put down as a nasty accident that really didn’t hurt anybody,
that nobody is going to die from it.

I think such talk is utter bunk and should be described as such. I
might add that I am not speaking now from ignorance. I have
reviewed quite thoroughly the data contained in the population
dose and health impact of the accident at the Three Mile Island
auclear station from the Ad Hoc Population Dose Assessment

roup.

I think the review of that data and the monitoring efforts that
took place around that accident border on the criminally negligent.

It just happens to turn out that there were no radiation monitors
between the plant and the largest concentrations of people. Nor did
they go out anywhere near far enough.

The NRC’s monitors went out only 13.8 miles. On the basis of a
very poor set of data, these gentlemen then dragged out of the sky,
oufi of a hat, a distance-dose model to calculate doses out to 50
miles.

But that model is not supported by the data close in. Why should
it be supported farther out? If you would like more details on this,
I can give them to you.

With regard to the research philosophy, which is the subject of
these hearings, it has been my impression throughout the nuclear
power program that the primary emphasis has been based on
theoretical impressions of safety rather than experimentally deter-
mining safety.

I have characterized this in my testimony as the law of the
universe according to Walt Disney: Wishing will make it so.

Let’s look at the situation realistically.

Experiments tell us where we are. They give us information that
can tell us yes or no, we can go ahead, we should not go ahead.
Theoretical calculations, no matter how well founded or what kind
of a data base we have, normally have to be treated with suspicion.

For instance, we have 20 years or so of tracking satellites from
the satellite program. There are thousands of chunks of metal up
there that are monitored more or less on a daily basis.

Yet, now we are facing the fact that Skylab is going to come
slipping down on us sometime, perhaps this fall. We cannot predict
when. We might have a 20-minute warning. But not .to worry
because it will happen in somebody else’s backyard.

I have been lulled into this false sense of security about nuclear
reactors, until Three Mile Island happened in my backyard. I think
it is time we stopped delving into this world of theoretical safety,
imaginary safety, or speculative safety, or whatever you want to
call it, and started going back to the basics, and started asking the
question are we at the point where we can prevent the worst
imaginable accident; not the design basis accidents that we have
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heard about this morning, or maximum credible accident, or hypo-
thetical accident, or postulated accident, whatever?

Do we know that we can prevent a severe power excursion at a
nuclear powerplant? I suggest the answer is no.

Do we know that the emergency core cooling system will work as
it is designed to? I suggest the answer is no.

Do we know whether or not the ECCS system will work on a hot
core? I suggest the answer is no.

Do we even know what happened at Three Mile Island inside
that pressure vessel between 4 a.m. Wednesday morning, March 28
and, say, 8 or 10 p.m. March 28? I suggest the answer is no, and it
really bothers me that the NRC is rushing forth and slapping a
bunch of band-aids on the other operating B and W reactors, and
hoping that those band-aids will prevent TMI-2 from happening all
over again.

What we don’t know, of course, is whether or not those band-aids
that the NRC is slapping on will make matters worse. That we
don’t know.

An interesting question to ask throughout all this is what would
have happened if that reactor had failed to scram. One problem
that has been nagging the regulatory bodies and the industry for
years has been this problem of an anticipated transient without
scram; that is, without the reactor shutting down.

The feed water pumps quit at 4 a.m. Wednesday morning.
Within 1 minute and 45 seconds after they quit, the reactor had
been shut down for virtually all of that time, but in that time, the
steam generators boiled dry, and then things started getting sticky.

Of course, they were complicated by the fact that the emergency
feed water pumps were turned off. But suppose the reactor hadn’t
scrammed. Would there be anybody living in eastern Pennsylvania
today?

I suggest things might have turned out quite a bit differently.
But we don’t know, do we? Most of our safety estimations are based
on unverified computer calculations. We have an enormous theo-
retical basis for safety. I suggest our experimental basis for safety
is much, much shallower; in fact, dangerously shallow.

I would like to point out some ideas that were communicated to
the Joint Committee on Atomic Energy years ago by Dr. Clifford
Beck as a result of the results of the steering committee that was
working toward revising the original WASH-740. It is just half a
dozen lines.

He stated, and this is a letter dated May 18, 1965:

There is no objective, quantitative means of assurance that all possible paths
leading to catastrophe have been recognized and safeguarded or that the safeguard
will in every case function as intended when needed.

Here is encountered the most baffling and insoluble enigma existing in our
technology. It is in principle easy and straightforward to calculate potential dam-
ages that might be realized under such postulated accident conditions. There is not
even in principle an objective and quantitative method of calculating probability or
implgobéability of accidents or the likelihood that potential hazards will or will not be
reaiized.

I suggest nothing that came out of the reactor safety study

contradicts a word that Dr. Beck said. He was talking, after all,
about objective and quantitative means of calculating probabilities.
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Last, if the theoretical aspects of safety are so good, I suggest
that a good method of verifying our predictive abilities will be for
elections for Congress, for instance, to be determined on the basis
of predicted popularities and so on, say the day before the election,
and that all parties agree to the results and postpone the election
because the election is, of course, expensive.

That would simplify things. But I don’t really think that most
Members of Congress would really buy that. They would rather go
through the experiment and have it verified.

As one of those who is under the gun, I, too, would like to have
the reactor safety experiments verified. Most haven't been. Most
are still waiting to be done.

I suggest that those of you who are very dedicated to the further-
ing of this industry, which has the potential for doing so much
damage, and causing such an overwhelming level of human misery,
volunteer your districts for the next nuclear success story; that is,
an accident which wasn’t an accident.

Thank you.

[The prepared statement of Dr. Kepford follows:]
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Testimony
of .
Dr. Chauncey Kepford
Env1ronmenta1 Coalition on Nuclear Power
before the
Subcomm1ttee on Energy Research and Productxon
Comm1ttee on ngezgg and Technology

May 22, 1979

Mr. Chairman, members of this Subcommittee, it is an honor to appear
before this body to discuss the most important subject of nuclear reactor
safety today. The near Eatastrophe at Three Mile Island, Unit 2 has shocked
many people on both sides of the ongoing debate about nuclear power. For
my own part, I was one of those who had been lulled into believing the
soothing chorus of assurances of the promoters of nuclear power, from
the Nuclear Regulatory Commission (NRC) on down to the public relations
persons for our own local nuclear utilities. This false sense of security
fell in face of the recent partial renunciation of the widely and justifiably
criticized, (but yet much relied ypon) Reactor Safety Study,'HASH-1400, or
the Rasmussen Report, or Whitewash-1400, as it has been referred to. On top
of this, there was the additional, and somewhat sick, rationalization of
"safety," and that is that when a serious accident finally does happen, it
will be in someone else's backyard.

But things don't always go according to plan. When this "worst yet"
nuclear reactor accident did happen, it was in my backyard. It occurred at
the very reactor that I had fought throughoui its still uncompleted licensing
proceeding. In this proceeding, with the most able assistance of Dr. Judith
Johnsrud, who is Co-Director of the Environmental Coalition on Nuclear

Power, we became aware through our own totally unschooled efforts at cross-

examination, that the emergency plans of Dauphin County, where TMI-2 is located,
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the Commonwealth of Pennsylvania, and the NRC itself, had no basis in fact

at all. Assurances of preparedness were rhetorical only. We did not have
the resources to rebut this concept of paper, or even imaginary, preparedness.
Subsequent events have thoroughly confirmed our belief that all talk of
emergency preparedness at these licensing hearings was a hoax. Needless to
say, the Licensing Board predictably and dutifully licensed the piant.

It was also the TMI-2 proceeding where, for the first time ever in a
Ticensing proceeding, it was shown that the largest source of radioactive
emissions in the entire nuclear fuel cycle had been doggéd1y and resolutely
ignored by the NRC. This source of emissions was, of course, the abandoned .-
mill tailings piles. It was my testimony on July 5, 1977, that caused the
NRC to act on a long forgotten rule-making petition filed in late 1975 by
the New England Coalition on Nuclear Pollution on February 28, 1978. On
that day the Commissioners voted to void the 74.5 curie number for radon-222
emissions in the infamous Table S-3 for the special case of TMI-2. On
April 14, 1978, this number was struck for all licensed facilities. Yet even
with this radon-222 issue unresolved by the Licensing Board, the plant was
Ticensed to operate.

In spite of the'seeming irrelevance of the preceeding discussion about
the TMI-2 licensing process, there is at least one lesson to be learned from
this exercise, and that is, there is no problem that any .intervenor can raise
which will prevenf the Ticensing of any nuclear facility.

» The re1evancg to today's subject is clear. Had I gone before the
Licensing Board to address an accident sequence at TMI-2 that included a
simultaneous tripping of both feedwater pumps, a pressurizer relief valve
that would not close when ordered to do so, both emergency feedwater valves
being closed, and so on, it is my considered opinion that I would have been

laughed and scolded out of the hearing room. Such an accident, I would have
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been told, when the snickering finally subsided, would be hypothetical,
speculative, and beyond the scope of the hearing. I must confess, the logic
of the Board would have been hard to refute.

Then it all happened, and it happened at TMI-2, in my backyard. A1l
of a sudden, the probability of a serious accident went from being said to
be infinitesimally small to unity. And to make matters worse yet, the weather
conditions for the first few days after that accident were among the worst
imaginable. Situated over the Eastern U.S. was a stagnant air mass. As a
result, most of the radioactive materials released in thoserearly days did
not dissipate and blow off toward the Atlantic Ocean, instead, they sloshed
around like water in a bathtub. This is just one item that the NRC has missed
in its cumulative dose estimates. It is not the only one. I am convinced
that the 3550 person-rem exposure reported by the NRC between March 28, 1979,
and April 7, 1979, is a face-saving, even imaginary value, since it is not
supported or supportable by the NRC's own monitoring data.

But in getting back to the subject of reactor safety, I would like to
point out that my background is in experimental science. From my own attempts
at theoretical calculations, using compﬁfer.mode]s, and from many years of
general observations of theoretical predictions, I have acquired a fairly deep
seated mistrust of computer calculations @hich are not firmly rooted in experi-
mental terra firma. : V

It is, of course, only through experimentation that we pass judgement on
theoretical predictions, conjectures, projections, speculations, and so on.
Even some of Einsteiﬁ'§ theorjgs have been chgcked experimentally, and this
is as it should be. Yet even in areas where there is aﬁ enormous data base
for predicting future events, failures of computational predictive techniques
still occur. As an example, the U.S. has over 20 years experience at tracking
satellites and observing orbital alterations and variations. Even with this

backlog of observation and experience, we are still faced with the seeming
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certainty that Skylab.wi11 reenter that atmosphere, and we will have, at
best, just 20 minutes warning. That's not much of a‘wérning. But, we are
assured, "there is still nothing to worry about, because the overwhelming
odds are that it wfl] fall in someone else's backyard.

It does ‘not ‘take much time to discover that in the strange world of a
nuclear power industry that was created by Congress and has been both promoted
and regulated by one agency, explorations into the basics of reactor engineering,

physics, and chemistry have taken a course other than knowledge through experi-

mentation.

If there were a rational regulatory and licensing scheme, the burden
of proof in the area of reactor safety would be placed firmly upon the shoulders
of the nuclear industry. But the passage of the Price-Anderson Act in 1957
absolved the then infant nuclear industry of its responsibility tg the public
before the damage was done. This Act established the principle thét the
promotion into existence of an industry where corporate survival was given
preeminence above any rights of the members of the potentially affected public.
One result of this principle was that it became clear to the infant industry
that reactor safety was someone elses responsibility. With the nipple of’

) Price-Anderson firmly in its teeth, a grip which time has only tightened, the
nuclear industry assured all who would Tisten that nuclear reactors were safe
enough that even utility executives themselves would have no fear living next
to one.

The Atomic Energy Commission (AEC) did not fail to protect and encourage
its creation at every step of the way. The Licensing Boards, 10n§ before the
affected public became aware of what was being perpetrated, developed a genuinely

Pavlovian response to any construction permit or operating license submitted.
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These Boards' sﬁccess rates greatly exceed the successful graduation rate
from the Oak Ridge reactor operators school.

The contemporary approach is one of safety by edict, procrastination,
speculation, economics, double-talk, and ignorance with just an occasional'
digression into an enormous and largely unplowed field éf fundmental reactor
research. This is a rather sweeping statement, but it is one that is well
supported in history.

As an example, the Loss of Fluid Test facility (LOFT) serves as an
excellent case study. This facility was designed to verify the computer
programs, or codes, which had been developed to predict the rate of core
flooding in a Loss of Coolant Accident (LOCA). Attachment 1 is a copy of
two pages from the 1965 report to Congress by the AEC entitled “"Major Activities
in the Atomic Energy Programs." Irrepeat, this is from a 1965 report, and
from page 186 and 187 of this report it is seen that these very important tests
were to have begun in the spring of 1969. Procrastination set in, the comple-
tion ﬁate slipped, but reactor licensing went on, unhindered by the knowledge
that safety systems, upon which tens or hundreds of thousands of livés might
depend, had never been tested under realistic operating conditions. Ignorance
prevailed and the design effectiveness and fupctiona] capability of the ECCS
were accepted on the basis of combuter cajculations, calculated information,
and computer speculations, not on the basis of experimental knowledge.

More details on the LOFT facility are presented in Attachment 2, which
js pages 851 through 864 of the AEC Authorizing Legislation, Fiscal Year 1972,
before the Joint Committee on Atomic Energy, March 4, 1971, Pa?t 2. Icall
your attention to page 854 where the foremost objective of this program is

shown to be experiments to test "analytical methods" pertaining to a LOCA.
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Unfortunately, as is seen on page 855, the completion date had slipped from
the spring of 1969 to late 1973. Needless to say, the licensing and operation
of reactors proceeded.

In Washington, D.C., the Emergency Core Cooling System (ECCS) hearings
came and went, and countless flaws in the system were highlighted. But down
came the edict that, based on computer calculations, or those "analytical
methods" that the LOFT taci]ity was supposed to have verified, everything
was aﬂz;ght. Licensing proceeded,_unabated.

In the fall of 1978, almost ten years late, the initial experiments
at LOFT were conducted, with an electrically heated core. With great fanfare,
the NRC announced the success of the test. )

Mr. Chairman, when I saw the results of that test a few weeks ago I
was stunned. The test had failed. Phenomena were observed in: the experiment
Which were completely unpredicted by the computer code being tested. The
results were distributed to numerous Licensing Boards and the parties to
each proceeding. Attachment 3 is the notice thét was circulated, only after
TMI-2. I must emphasize just what the purpose_of the test was, and that was
to experimentally check the predictive ability of the computer program. A quick
reading of this brief notice vividly demonstrated that this goal was not
realized; the computer code, called RELAP-4, failed to predict the course the
experiment took. And that failure is cloaked in double-talk.

The double-talk comes from the lame explanation put forth by the NRC
officials to coverup this obvious failure. - That explanation is to characterize
the experiment as "atypical." Here the meaning is crystal clear: the computer
speculation is being accepted as more valid than experimental results. And

licensing goes on.
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Over fourteen years of procrastination, edict, speculation and ignorance
are now topped with double-talk. Are these characteristics of a research
program or a régulatory program that the public should trust or have confidence
in? I suggest the answer is no.

It would have been much more difficult for me to appear here today if the
LOFT-ECCS fiasco were unique in the nuclear reactor safety research progrém.
However, it is not unique, though the subject of the ECCS has been wide]y
publicized. The fact is, much of the basic research still remains to be
carried out. Attachment 4 speaks to this issue. This attachment contains
the conclusions from a report released by Oak Ridge Nationa1‘Labs in 1968
entitled "Emergency Core-Cooling Systems for Light-Water-Cooled Powef Reactors,"
by C.G.Lawson. I have taken the liberty to underline a phrase or two, the
many conditional verbs, and a couple of sentences. While ff is not’clear how
many of the problems mentioned in this conclusion have been resolved experi-
mgnta]]y, I have little reason to believe QAny have.

Part of fhe justification for this béiief comes from Attachment 2,
mentioned earlier. %mltwnwwaﬁmﬁmtomewﬁmlmﬂmmyﬁ
Mr. Milton Shaw, former Director of the Di&ision of Reactor Development and
Technology, of the AEC. Mr. Shaw speaks of budget cuts, slowed and curtailed
experimental programs, and even questionable information coming out of existing
experiments. At one point he states on page 860.

There is also afremendous controvérsy as to how beneficial such
small-scale experiments can be, but our position is that we can't
afford to build them much bigger. ‘
So here is one place where economics plays a key role. Here it should also be
noted that in these Hearings, a 1list of genéral unsolved problems and areas for

research pertaining to reactors was presented on page 852.

nI
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These were listed before we became aware, as we have in more recent
years, of fuel densification, steam generator tube denting, stress-corrosion
cracking and the torus jump problem in BWRs, and so on. And to this short
list we must Tist those generic unresolved safety problems that the NRC
annually sends to Congress. No, I don't think we have made much progress in
the last 20 years. But this lack of progress has never slowed the relentless
Ticensing of new and larger nuclear power plants.

Let's go back to that recent LOFT experiment. LOFT is a 50 Megawatt
Thermal (Mit) test reactor. Many operating PWRs have thermal outputs between
about 2800 Mdt, Tike TMI-2, to over 3400 MWt,like Trojan 1. It is evident that
the computer code whose accuracy to predict event§ was being tested, RELAP-4,
did not succeed in predicting the course of e?ents. There is an all ipportant
question that remains unanswered, and certainly seems to be avoided in silent
desperation by the NRC. That question is: what does that experiment at the
LOFT facility tell us that is applicable to operating PWRs? Or, do the results
of the LOFT facility experiment instill any confidencé in RELAP-4 to predict
the ability of the ECCS in a large reactocilarry out its intended function in
the event of a LOCA? I can come to no other answer than another negative one.

In northern Pennsylvania, near Berwic;k, a pair of BWR reactors, Susquehanna
1 and 2, are soon coming up for operating license hearings. The ECNP is an
Intervenor in that proceeding and already troubling aspects are arising.

For example, on the subject of power excursions, it appears that great
reliance is placed on a computer program dating back to 1956, which, when v
subjected to preliminary verification experiments, failed in an‘unsafe direction.
(See, for a fuller discussion, "The Accident Hazards of Nuclear Plants," by

Dr. Richard E. Webb, University of Mass. Press,. 1976, Chapters 3 and 4).
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Now, over twanty years have gone by and the qyestion of the susceptibility of
large reactors to destructive power excursion accidents does not appear to be
resolved, except through speculation, rhetoric, and Licensing Board approvals.
Just last week, we received a communication from the NRC stating that some
reports frdm one of the Susquehanna 1 and 2 subcontractors, kraftwerk Union
Akliengesellschaft (KWU) are granted an exemption from public disclosure by
the NRC. The letter, dated May 11, 1979, is sufficiently vague that it is
impossible to determine even the general subject of the now "confidential®
KWU reports. The letter contains the following statement
We have also found at this time that the right of the
public to be fully apprised as to the basis for and effects of
the proposed action does not outweigh the demonstrated concern
for protection of your competitive position. .
It is certainly not encouraging tovlearn that the "competit{ve position" of
a subcontractor is more important to the NRC -than the right of those affected
by some nebulous design feature to know to \.u.hat kind of risk they are being
subjected.
If anything, the TMI-2 accident showed that gaping holes exist in not
~on]y our understanding of reactor accidents, but also the ability of not only
the NRC to review, inspect, and license reactors, but also of utilities to
safely operate them when deviations from anticipated behaviour occur. From
the materials I have seen concerning the course and results of this accident,
1 am exceedingly disappointed in the extremely shallow and unsophisticated
nature of the analyses. For example, in a report entitled "Core Damage Assess-
ment for TMI-2," memo from R.0. Meyer to Roger Mattson, April 15, 1979, the
heat-up rate of the uncovered core of TMI-Z is discussed, along with the
quantity of zirconium fuel cladding estimated to have been consumed by reaction
with steam. However, the.qgntribution of heat from the zirconium-steam

B A :
reaction was neglected in assuming the core heat-uy?ate. The deficiency here
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is because this chemical energy may have been of comparable magnitude to that
of the fission product decay heat over the hour or so that the heatup is assumed
to have occurred. ‘

Equally unsettling is the rusﬁ made by the NRC to apply a series of
bandaids to the other operating Babcock and Wilcox (B&W) reactors to get them
back to operatiop as soon as possible. This crash course seems to have
preceéded an appreciation or even understanding of what the real course af the
TMI-2 accident was. To be more precise, it does not appear to be known pre-
cisely when the zirconium-steam reaction occurred, or the effect of the elec-
tromatic relief valve which stuck open in the early stage of the accident. It
has obviously been assumed that had this valve properly closed, damage would
have been less severe to the reactor. The validity of this assumption has
not been established, in my opinion. During most of the initial few minutes of
the accident, after the steam generators had boiled dry (at about 1 min. 45 sec.
into the accident), water steam flashing through this valve was the major heat
release mechanism for the hot core. Had this valve closed properly and stayed
closed, the primary coolant system may well ‘have become greatly overpressurized.
The rush action by the NRC seems to suggest that the avoidance of the exact
sequence‘of events at TMI-2 is desireable, but it does not appear grounded in
a firm understanding of whether or not the recommended solutions might cause
worse conditions, should this sequence ever repeat itself.

There is another equally troubling aspect to this whole accident, and
that is that TMI-2 was a new reactor with a core that had less than 90 full
power days in its operational history. From this fact, it seems necessary to
ask whether or not, had this accident happened at a B&W reactor with a higher

fission product inventory, 1ike TMI-1, or Rancho Seco, would the results have
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been the same? Another seemingly unanswered question is whether or not the
quick fix solutions required by the NRC for older operating B&W reactors will
work where fission product inventories are ﬁigher. It should be pointed out
here that higher fission product inventories mean, in general, a higher core
heat-uprate. Furthermore, it should be pointed out that the ECCS is designed
to function for a relatively cool core, that is, one right after blowdown. It
is entirely possible that the actuation of the ECCS onto a hot core, oﬁe where
the fuel cladding is very hot or melting, may do more harm than good.

The promoters of nuclear power, from the NRC on down, have repeatedly
pointed to the supposed "accident-free" or "mortality-free" past history of the
commercial nuclear power program. These comments however appealing they might
sound, are deserving of a closer scrutiny.

As far as the accident-free part goes, it sufficés to say that at least
three (3) of the 80 or so nuclear power plants licensed by the AECZ/NRC have
had véry serious accidents early in their respective ]%Jés. These were
Enrico ?ermi 1, Browns Ferry 2, and, now, TMI-2. Fermi was down four years
for repair. Browns Ferry 182 suffered a fire in e]ett;ical cables and, for
Unit 2, many safety systems were disabled. The third was TMI-2, where half-a
million people faced a core meltdown for 4 or 5 days. This is a less than
enviable safety record, and it does not include the many other near-misses.

Vhile the va]id{ty of the population dose estimates released by the NRC
and HEW are not the subject of these hearings, they deserve a f_ew short cormﬁents
made from my reviewing of the data in report of the Ad Hoc Population Dﬁse
Assessment Group. My conclusion is that the members of this group chose to
seriously understate the population dose due to the TMI-2 accident. 'Th%s

dubious result was achieved by ignoring completely the character of the data
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they had to work with. For most directions around TMI-2, betwgen March 31 and
April 7, 1979, the exposures measured by the NRC do not decreaﬁe rapidly with
increasing distance from the reactor. Quite the contrary, most doses were
approximately constant, and some even increased with increasing distance.
Unfortunately, the NRC chose not to monitor beyond about 14 miles from the
plant, or in the directions in which most of the population was located.
However, the Ad Hoc group used these deficiencies to their own seeming
" advantage, ignored the trends of the monitoring data they.did have, and
assumed a standard atmospheric dispersion model to calculate exposures beyond
10 miles from the plant. This model requires that doses decrease according
to a minus 1.5 power law,contrary to the existing data out to distances of
about 14 miles. As a result, the public exposure widely reported by the press
are nothing more than fabrications designed to conceal both the real magnitude
of the exposure doselgzﬂthe accident, but also the incredible incompetence of
the NRC in its monitoring efforts.
i Many people will die as a direct result of tthTMI-Z accident. I cannot
quantify the number exactly, but I have reason to believe it will number in
f@e hundreds, maybe in the thousands. Efforts by the'NRC to conceal this
Earnage will not solve the problem. Honesty and cangdr would help, but there
appears to be little chance for either in asse&}%ng pronouncements from thisé
organization. So licensing must go on, on until we apparently must learn the ?
accideng probabi}ities at nuclear power plants by trial and error. Just what
the u1t§hdfe»t011 in human life and misery will be is not predictable, but if
Fermi, Brown{s'%erry, and TMI-2 are any indication, that toll Ji]] be high, both
in livééilost‘and in misery. Tragically, the TMI-2 accident is not over, nor
are thé:;é1eéses of radioactive materials.
Whén all is said and done, the safety philosophy of the nuclear power

program,'when_stripped of the endless self-serving words of praise, and reduced

48-721 0 - 79 - 4
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to how it really works in practice, has been accurately characterized as the
Law of the Universe according to Walt Disney, which is
Wishing willimake it so
To this fundamental NRC and industry philosophy, I have added two cérollaries
1. Wishing that problems were solved is as<go§d as solving
them; and
2. Programs can only succeed; failures are simply relabeled
as successes.
Evidence of the validity of the first corollary comes from the fact that so
many unresolved safety problems remain unresolved after so many years, and sa
much basic safety research has been postponed and terminated. In addition, the
radioactive waste problem and the still nagging problem of, Tow-level radiatién
persist, even though they have been solved many times throﬁgh agency and industry
press releases. ‘

Failures.always become successes in the strange world of nuclear power.
The Enrico Fermi accident was one such success. .It cost bet@een 60 and 300
million dollars to build, dependiné on whose'figureg you believe. It operated
for the equiva]ent of a full month or so before it was mercifully mothballed (but
not decommissioned;.dismantled, and removed). A lot was learned at the Fermi
reactor.

The Browns Ferry fire was also a success because a lot was learned there,
1ike how a core meltdown was averted. Yet today, most reactors are Jjust as
vulnerable to fires as Browns Ferry was. So while the $150 mi]1ion or so that
fire cost taught someone a lot, the lessons yet remain to be applied to many
other reactors, but it was a success.

‘ So, of course, was TMI-2 a roaring success. It may be out of service for
. from 2 or 3 years to forever, it may cost $300 ﬁil]ion to clean it ups.or it may

“be a total loss of over $700 million, But it was a success. The safety systems
worked, and according to the fudged data nobne was killed.
These accidents are all part of a strange definition of success, but then,
"wishing will make it so."
Gentlemen, who among you would volunteer thé constiuents of your District

or your backyard for the next nuclear "success" story? -
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Attachment 1 —

Terrestrial systems. Detailed design of the Loss of Fluid Test
(LOFT) facility was essentially completed in Decémber by Kaiser
Engineers, Oakland, Calif. A contract to fabricate the containment
vessel for the LOIT facility, which will be located at NR'TS, was
awarded in January to Pittsburgh-Des Moines Co., Pittsburgh, Pa.,
by M. W. Kellogg, prime contryctor for the construction of the LOFT
facility. The reactor vessel fabrication contract was awarded in
October to the I’. F. Avery Corp., Billerica, Mass. Construction of
the facility, expected to be complete in late 1967, had passed the
10 percent completion mark by December. Within this reusable test
facility, the flatcar-mounted LOFT reactor system will be used to
conduct a loss-of-coolant test on a 50-thermal megawatt pressurized
water reactor. Iollowing an extensive nonnuclear test program, the

.

i
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LOFT Facility. Construction reached ground level during 1963 on the Loss of
Fluid Test (LOFT) Facility, depicted here by an artist's conceptual drawing.
delow-ground-level construction started in October 1961, and LOI'T is expected
to be operational in Iate 1967. A cutaway section of the containment shell shows
the reactor safety experiment mounted on a double-width flatcar or dolly which
can be pulled by shielded locomotive over quadruple rails to a nearby “hot shop”
for post-test analysis. One of the principal reasons for building LOFT is to
demonstrate the safety of water-cooled power reactors by deliberately triggering
a runaway power burst caused by major coolant pipe rupture, 2 highly improbable
but the worst conceivable accident for such reactors. LOIT is part of the safety
test engineering program conducted for the AEC by Phillips Petroleum Co.
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first nuclear test will be conducted in the spring of 1969.  Supporting
research and development programs were established at national
laboratories and ALC field installations to test equipment and special
instrumentation, and to perform analytical studics for predicting the
sequence and magnitude of events expected to occur in the LOFT
tests.

Aerospace systems. Transient experiments on uranium-zirconium
hydride reactors for space nuclear power applications continued dur-
ing the year at the National Reactor Testing Station. These experi-
ments, conducted by the Phillips Petroleum Co. with the support of
Atomics International and Edgerton, Germeshausen, and Grier, Inc..
are investigating the kinetic behavior of SNAP reactors when sub-
jected to large and rapid reactivity insertions. The SNAPTRAN-1
series of experiments to investigate the behavior of a reactor in the
nondestructive region was completed in September 1965. SNAP-
TRAN-2, to follow, will project the investigations into the destruc-
tive range.

A series of full-scale re-entry flight tests, supported by applied
research, have been pursued to determine the effectiveness of using the
heat generated by the atmosphere during re-entry to burn up nuclea
systems. This burnup, with the subsequent wide dispersal of the
debris in the atmosphere, would thus serve as a safe means for
adioactive fuel disposal. '

During 1965, further analysis was made of the data acquired from
re-entry flight tests conducted on a simulated SNATP-10A\ reactor it
May 1963 and October 1964. This [light analysis has provided proof
that the specific systems tested would disassemble as designed, and ha:
substantially increased confidence in the ability to predict re-entry
heating effects from theoretical analysis.

Effluent Control Research and Development

The programs in eflluent control research and development are di-
rected toward the safe management and disposal of various types of
radioactive wastes resulting from nuclear reactor operations, the
quantitative determination of the behavior of these residual radio-
active eflluents in the environment, and the development of engincer-
ing criteria associated with the environmental aspects of nuelear tech-
nology operations. - This work provides a basis for defining and
controlling the ultimate fate and possible effects of radionctivity in
the environment,
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sections that we may be obtaining from the machines—are more
related to n narrow spectrum of interost, becnuse we just don't have
the money to do the broader areas.

In a very real sense, we have had about n 40-percent reduction in this
program when one looks at cost of living here since 1969. Certainly the
number of people funded by the program has beon reduced by about
40 percent in this period some 1,300 people, including many good
scientific people, that we just are unable to fund. The number of con-
tractors will have been cut from 54 to 18 by the end of fiscal year
1972. We have had to phase out a number of programs that I pre-
dict will affect adversely our long-term outlook and capability in
the nuclear power business. Perhaps, if we were doing the work it
would prevent us from getting into a lot of trouble, com mred to having
to bale ourselves out later by leaning back on the people and the tech-
nology us a result of present confinements of this program,

I don’t know what the solution is, but it is characteristic of the
general problem we face.

Representative HosmeR. You mentioned a research and develop-
ment tax earlier today.

Mr. Suaw. I doubt that the type of tax we talked about will be
devoted to this longer term work, which is mostly performed in the
laboratorics and in the universities, as much as it will be used to build
demonstration hardware.

Senutor Baker. I am sort of open on it. We will talk about it some
time.

Mr. Suaw. Yes, sir.

NUCLEAR SAFETY

‘The next area is nuclear safety (fig.-97). Here we are requesting

REACTOR SARTY PROGRAM
PROGRAM - ELEMENTS

RESEARCH AND DEVELOPMENT EFFLUENT CONTROL
SUBASSEMSLY TRANSIENT TESTING . " ENVIRONMENTAL INVESTIGATIONS
FUEL FAILURE PROPAGATION THERMAL EFFECTS STUDIES
COOLANT DYMAMICS WASTE TREATMENT & DISPOSAL

FUEL COOLANT INTERACTIONS

FISSION PRODUCT AEROSOLS
LOSS OF COOLANT TESTS AND
ANALYSIS AND EVALUATION EMERGENCY COKE COOLING
PROGRAM PLANNING INVESTIGATIONS

INFORMATION HANDLING <
TECH. ASSISTANCE TO REG. ENGINEERED SAFETY SYSTEMS

ENGINEERING FIELD TESTS

PRESSURE VESSEL STUDIES . CONTAINMENT TECHNOLOGY
PLANT APPLICATIONS & ENG. TEST
RELATED MAJOR FACILITIES PROG RAM

LOFT - LOsS OF RUIO TEST STANDARDS, CODES, SPECIFICATIONS

PBF - PONER BURST FACILITY
CDC - CAPSULE DRIVER COKE GEOLOGIC SEISMIC FACTORS

WSEP - WASTE SOLIDIFICATION ENGR. PROTO. BASIC GEO-SEISMIC DATA
TREAT - TRANSIENT KEACTOR TEST - ENVIRONVENTAL MAPPING
LIAISON WITH OTHER GEO-SEISMIC
: PROGRAMS
* FUNDED UNDER CIVILIAN POWER *DEVELOP ASEISMIC DESIGNS & DATA
PROGRAMS , *SPECIFIC SITE INVESTIGATIONS

*DEMONSTRATION OF ASEISMIC DESIGNS
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$35.9 million for fiscal year 1972, which is the same as the 1971
estimate. The major inerease is in fast reactor safety, which has been
inereased in our projections from $7.4 million to $10.6 million. Of
course, with the level budget this inerease has had to be offset by
decreases in several other vital or important safety areas. These
decreases include no further fuel procurement in certain of the test
reactors, particulurly the power burst facility and cutback of other
light water safety work.

For example, we have had to terminate programs related to failure
modes of zirconium-clad fuel rods which are used in light water
reactors. This work was being péerformed at Oak Ridge. Again we
would like to continue that work, which is out-of-pile work, but we
feel we must go in-pile with some of this zirconium work to build on
the out-of-pile work already accomplished,

The waste solidification experimental program (WSEP) underway
at Hanford is being phased down and will be closed out in 1972. Much
of the work on pipe ruptures and reactor accident analysis that was
going on in a number of organizations will be phased out. Some of
these activities are already phased out in order to consolidate work
in a small number of organizations. ’

Of course, we are investigating work on siting and safety problems
which are of general applicability not only to the commereial reactors,
or potentially commercial reactors, but also for reactors of our own.
This includes our test reactors and other facilities, for which we must
do safety work in order to assure the continued safe operation of these
facilities. Examples of the type of requirements placed on the nuclear
safety program are those shown on figure 98, and those that arise
from a detailed analysis of the accident sequence diagram, figure 99.

REACTOR SAFETY PROGRAM
ACRS "ASTERISKED" ITEMS

THERMAL SHOCK TO PRESSURE VESSEL FROM ECCS OPERATION.
SEISMIC INSTRUMENTATION FOR STRONG-MOTION RECORDING.

3. IMPROVED PRESSURE VESSEL FABRICATION AND IN-SERVICE INSPECTION
TECHNIQUES .

CALCULATIONAL MODELS FOR REACTOR BLOWDOWN,

5. FUEL FAILURE MODE IN LOSS-OF-COOLANT-ACCIDENT AND EFFECT ON ECCS
CAPABILITY TO PREVENT CLAD MELTING,

6. FUEL FAILURE-LOSS-OF-COOLANT-ACCIDENT ANALYSIS AT CURRENT HIGH
POWER DENSITIES AND BURNUPS. .

7.  EFFECT OF SUBASSEMBLY FLOW BLOCKAGE,
EFFECT OF END-OF-LIFE TRANSIENTS ON FUEL FAILURE.
. 9. DETECTION OF GROSS FUEL ELEMENT FAILURES.
10.  SEPARATION OF CONTROL AND PROTECTION INSTRUMENTATION (DESIGN).
1L HYDROGEN EVOLUTION '
12, VITAL EQUIPMENT SURVIVAL IN A LOSS-OF-COOLANT ACCIDENT,

Ficrre 98
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ACCIDENT SEQUENCE DIAGRAM WITH [NGIN&RED SAFETY FEATURES .
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LOFT PROGRAM

Principal areas for hardware and fuel commitments in this budget
category currently are in the LOLT program, which is the loss of
fluid test facility being built at Idaho, as well as in the power b
facility program at Idaho. The LOFT budget represents $9.9 muit
whiclt is an increase over fiscal year 1971 of $1.8 million. This incre
is principally due to the fabrication and assembly of large comyrae
for this unique facility. It is the only facility in the world in wi..
we will be able to obtain large-scale reactions to a loss of coolant
accident and study the related phenomena from actually using emer-
gency core cooling systems in an operating reactor.

Of course, this is one of the principal areas that has been discussed
and debated heavily in the safety eireuit; that is, this tremendous
concern over a loss of coolant. For example, if a pipe ruptures, do:-
loss of coolant occur rather quickly? Is one able to injeet water quicki.
into the reactor? What will be the effect of doing this? This, of course,
is one of the principal arcas of interest in the licensing of licht water
reactors. We are quite pleased with the regrouping at Idaho in the
LOFT project. The project design is moving ahead quite well now,
and we believe that the facility, if funding remains compatible with
what we have scheduled, can be brought into use within the next 3
years. : , '

Representative Hansex. May T ask a question here, Mr. Chairman?

Representative Price. Mr. Iansen. -

Representative Haxsex. To what extent will LOFT yield some of
the answers that may be needed in the area of safety for the fast
breeder reactor, gas cooled reactor or other convepts?
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Mr. Suaw. Very little, sir. LOFT is principally related to safety
evaluations for the pressurized water reactor. It has some value to
understanding some of the parts of the boiling water reactor, but is
principally - directed around the pressurized water reactor safety
considerations,

Its contributions to the other reactors will be principally along the
lines of being able to relate analytical work to experimental results,
and individual separate effects tests as they relate to the whole. That
is, it will give the confidence to the analytieal people and relate anal-
ysis to the experimental results to permit carry-over into other
concepts.

That is about the limit of it, sir.

(Testimony continues on p. 858) —

(Additional information provided for the record follows:)

LOFT

Significant progress has been made in the design and construetion of the 55 MWt
Loss of Fluid Test Fucility (LOFT). LOFT is the only nuclear facility in the world
planned to conduct major loss-of-coolant accident experiments (see chart below
for LOI'T experimental objectives.)

B3
EXPERIMENTAL OBJECTIVES

1. TEST THE ADEQUACY OF ANALYTICAL METHODS USED TO PREDICT:
a. THE LOSS-OF-COOLANT PHENOMENA AFFECTING CORE THERMAL RESPONSE;

b. THE CAPABILITY OF THE EMERGENCY CORE COOLING SYSTEM (ECCS) TO
FULFILL THE INTENDED FUNCTION;

¢. THE MARGINS OF SAFETY INHERENT IN THE CAPABILITY OF THE ECCS;

d. THE THERMAL AND MECHANICAL RESPONSE OF THE CORE AND PRIMARY
SYSTEM COMPONENTS ;

e. THE PRESSURE-TEMPERATURE RESPONSE OF THE CONTAINMENT ATMOSPHERE; AND

f. THE MAGNITUDE, COMPOSITION, AND DISTRIBUTION WITH RESPECT TO TIME
OF THE FISSION PRODUCTS IN THE CONTAINMENT BUILDING. -

2 VERIFY THE DESIGN REQUIREMENTS WHICH DETERMINE THE CAPABILITY OF THE ECCS
AND THE PRESSURE REDUCTION SYSTEM TO FULFILL THEIR INTENDED FUNCTION,

3. REVEAL THRESHOLDS OR UNEXPECTED PHENOMENA WHICH AFFECT THE VALIDITY OF
THE ANALYTICAL METHODS USED TO PREDICT THE EFFECTS OF A LOSS-OF-COOLANT
ACCIDENT AS LISTED ABOVE. :

The importance of an actual power reactor plant to conducting these experi-
ments cannot be underestimated. As noted in previous hearings, the overall LOFT
effort has been successful in (1) providing a focal point and a fundamental sense of
direction to the water reactor safety prograum, (2) forcing investigators to face the
reality of an actual power reactor in the accident mode, and (3) providing a central
vehicle: to build and hold a competent safety oriented technical staff in a vital
national program. The fundamental soundness of the LOFT objectives have been
reinforced by continued engineering and analysis of LOFT which has further

-established the relationship of the LOFT program to the current industry light
water reactors. This has also been recontirmed by reviews conducted by industry

consultants, the AEC Regulatory Divisions, and the ACRS.
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LOFT DESIGN AND CONSTRUCTION

The project design has progressed to the point that procurement of all the major
reactor plant components is underway. System design deseriptions of almost all
major plant systems have been completed by INC. In addition, 10 water reactor
major component standards and associated LOFT specifications have been ap-
proved by INC and AEC. As a result of this engincering progress, procurement
action is underway on the reactor pressure vessel modifications, steam generator,
pressurizer, primary reactor piping, and reactor support frame. Work has been
initinted on reactor vessel modifications. The design of the reactor core and vessel
internals and associated in-core instrumentation is well underway. This is a large
effort since the core will be heavily instrumented in order to derive the experi-
mental information. In addition to those RDT water reactor standards that have
‘been approved there is work underway on 25 standards which are being prepared
with the help of ORNL.

Design and construction of LOFT construction funded facilities continues with
the status at about 90¢ of design and 605 of construction completed. During the
past year the basic containment structure including the large railroad door and
frame have been completed and considerable outside conerete was poured. Design
and procurement work is underway on the reactor auxiliary systems with addi-
tional concrete pours and final containment tests planned for later this year. In
order to cfficiently complete the project certain experimental cquipment of low
priority such as an extensive fizsion product sampling system has been deferred.

As reported last yvear, the overall plant continues to be scheduled for late 1973
* initial operation. However, difficulties are still being encountered due to the short
supply of experienced water reactor design and manufacturing personnel and the

problem of obtaining small onc-of-a-kind high quality components, instruments
and cquipment from industrial sources that are heavily committed to the large
. scale manufacture of equipment for the large commercial water reactors.

* EMERGENCY CORE COOLING AND RELATED RESEARCH

As part of the LOFT R & D support cffort, various emergency core cooling
- analytical studies and scparate effects tests are in progress as indicated below.
The results of thése efforts form the basis-for-planning LOFT experiments and the
basis for direet technieal assistance to the ALC Division of Reactor Licensing.

Analytical studies and code development at BMI-Columbus will be terminated
at the end of FY 1971. Analvtical studies, code development and assistance to
AEC regulatory divisions will eontinue on through FY 1972 in-support of LOFT.

Blowdown experiments on the scaled reactor system (semiscale system at
JINC) will continue on through FY 1972 in support of LOFT. The intent of these
tests is summarized in the following chart:

REACTOR SAFETY PROGRAM
EMERGENCY CORE COOLING SYSTEM (ECCS) TESTS

VTHE OVERALL INTENT OF THE SEPARATE EFFECTS TESTS IS TO PROVIDE:

"1 EARLY SCOPING INFORMATION TO ASSIST IN THE DEVELOPMENT AND
EVALUATION OF ANALYTICAL TECHNIQUES OVER A WIDE RANGE OF
VARIABLES . ’

» INFORMATION ON THE CONTROLLING VARIABLES WHICH ULTIMATELY
DETERMINE THE PERFORMANCE REQUIREMENTS OR CRITERIA FOR THE
EMERGENCY CORE COOLING SYSTEM. :

i, INFORMATION TO ESTABLISH INITIAL TEST CONDITIONS FOR THE LOFT
INTEGRAL TEST SERIES AT THE MOST SEVERE DEMAND CONDITIONS FOR
THE EMERGENCY CORE COOLING: SYSTEM.

1 PARAMETRIC INFORMATION FOR USE IN THE ANALYSIS TO PROVIDE FOR
EXTREMES OF FLUID ENVELOPE GEOMETRIES AND BREAK CONDITIONS
CHARACTERIZING THE CURRENT AND NEAR FUTURE PRESSURIZED WATER
REACTORS .
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The semiscale svstem shown below was modified as reported last year for
¢imulated core heat and again this year for emergency core cooling injection.
Future plans call for scaled multiloop system modifications.

SEMISCALE SYSTEM DOUBLE ENOED
BREAK CONFIGURATION

Instrument Washer

Coolant Circuiction

Steam Generator
Cemile Flow Element
Cross-Tie Valve

Rupture
Initiation

p ) Device

Rupture Disc
Assembly

Auxiliory Nozzle
Main Nozzle

Rupture Disc Assembly

Butterfly Flow Control Vaive
Swnulated Reactor Vessel

A serics of tests have been run in the semiscale apparatus using simulated core
heat teleetrie beaters) and accumulator injection of emergeney core cooling (ICC)
water. The conditions of the tests are as typical of large PW R~ ax the scaled model
will permit. The results are being used to cheek analytical models, evaluate 1LCC
svstems and provide data for LOFT. The results are also being provided to indus-
try as rapidly as obtained and its support is being solicited. Six tests to date have
experienced ditliculty in injeeting ECC accumulator water into the core region
under PWR lo-s-of-coolant-accident conditions because of apparent bypass of
the 12CC water. The apparatus will be modified by carly FY 1972 to more realis-
tically study this problem using LOFT geometry and system conditions more
closcly representative of those of commercial reactors.

"Testing of emergeney cooling eapability was completed using full size (12 ft.
long) pin assemblies in the Full Length Emergency Cooling Heat Transfer Pro-
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gram (FLECHT) at GE and Westinghouse under subcontract to Idaho Nuclear
Corporation (INC), ac shown below.

REACTOR SAFETY PROGRAM -
FULL LENGTH EMERGENCY COOLING HEAT TRANSFER (FLECHT)

ROT| - === == == ===~ 4REG
] -

INC
(PARET)

1L 1 1

PWR BWR |
WESTINGHOUSE GE

| ] —
SS CLAD HEATERS ZR CLAD HEATERS

l

. Temp. <1800°F l.ﬁTemp.>1800°F‘
. ECC Flow . ECC Flow

Design Design -

Degraded Degradad

These tests, in which clectrically heated assemblies simulated decay heat
generation in full size reactor fuel pins cooled by sprays and flooding, were needetd
to assess emergeney eooling sytem performance under design and off-design con-
ditions. The tests performed indieate that under most emergeney conditios:
postulated, the emergeney cooling systems will perform their intended i
over a4 wide range of cooling and temperature conditions, However, this co
level beeomes reduiesd nnder eertain combinations of clad temperature and ro .
or delaved flow conditions as might be reasonably postulated for higher oy
power densities characteristic of future nuelear plants. Under some of thee
extreme conditions tested in the FLECHT projects, 49 pin bundles were -
damngeed ax the zirealoy passed the time-at-temperature thresholds as-oee,
with chemienl reactions between elud and water or steam. Information of this
type was considered valuable in demonstrating and bracketing areas of concern
in the design of future emergeney cooling svstems. The limitations of these
tests, such as lack of complete system simulation and the use of clectrieal heaters
which failed when extreme conditions were imposed, were recognized and taken
into account in interpreting the data.

As a result of the FLECHT projeet, a better understanding is available on the
interactions between emergeney coolunt (assumed capable of delivery to the core
within 15-30 seconds from a major coolant pipe break) and the zircaloy cladding
(as<unied to heat up from a—combination of stored fuel energy at the time of the
pipe break, phus the loss of coolant plus deeay heat generation). However informa-
tion gaps remain in the time regime following the assumed pipe break, bat prior
to ECC injection. During this regime, stored fuel pin heat is transforred to the
cladding, to the remaining coolant, and to steam formed during sy~tom dep
surization. The rate and amount of heat transferred during this time perind, e
the Blowdown Heat Transfer (BDHT) regime, ix important in estabdishing t
cladding temperature at the time of emergency core cooling injection. The i
portance of obtaining BDHT information, for both pressurized and boiling re-
actors, is recognized by the industry, as well as the AEC Development and
Regulatory Divisions.
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In recognition of this common need, the Division of Reactor Development dnd -
Technology has held discussions with PWR and BWR vendors to encourage ¢o-
operative efforts between industry and the AEC to study the BDHT regime with
experiments sealed to represent the major components of operating power plants.
General Eleetrie has proposed a shared cost cooperative program on BDIIT for
BWR’s, and RDT has agreed in principle, asswming that mutual agrecement on
work scope and contract conditions can be obtained.

POWER BURST FACILITY (PBF)

Mr. Suaw. The power burst facility is a reactor for testing effects
of fuel failures resulting from a burst mode or steady state operation
(fig. 100). We put fuel samples that have an operating history—

TO RELIEF VALVES Ny RESEAVOIRS

THERMAL SWELL ACCUNULATORS

ACOUSTIC FILTEAS

x TOP OF IN-MILE
TuRE

WATER SuMP FLOW CROSS OVEA 3ROOLS s

TOP OF INSTRUMENT RING

TOP OF CORE
SOTTOM OF CORL.

BOTTOM OF IN=-PILE TUBL

BRACKET POR-ASSEMBLY OF
LOWER LATERAL RESTRAINT

Figure 100

that is, have. previously been irradiated—and give them a nuclear
pulse or give them an overpressure of power to flow imbalance, in
order to sce the types of failures that we may induce and the conse-
quonces of these fatlures.

Of course, to do this, we have a special closed loop in the power
burst facility, such that when the failure occurs it does not affect the
rest of the system, o

(Additional information provided for the record follows:) -

FOWER BURRT FACILITY
"I‘ho Power Burst Facility . (PBF), (shown in chart, below) being completed at
NRTS, is an oxide-fucled, epithermal, wiater moderated reactor capable of steady-
state and transient operation including the performance of power bursts having
initial periods approaching 1 msee. Fuel loading is scheduled for CY 1971 and
the start of the experimental program is scheduled for carly CY 1972. On Octo-
ber 20, 1970, responsibility for the PBF was transferred from the construction
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contractor, Howard 8. Wright and Assocmtes, to the operating contractor,
Idaho Nuclear Corporation. On December 11, 1970, the efforts of the architect-
engineer, Ebasco Services Ine., were tvrmm.m,d

e R e et ate ate i SR SRR |

.E'»;,'_..w.,’ )

LA 'p

a

PRI e

POWER BURST FACILITY. View looking northeast showing cooling tower on left,
emergency generator in center, and PBF reactor building on right.

The overall objectives of the Power Burst Facility is to provide a safety test
facility for conducting rescarch on accidental moltmg of reactor fuel samples and
assemblies (See chart below) Such information is vitally needed to supplement the
out-of-pile work on fuel assembly mock-ups which have been undertaken to study
fuel failure modes and emergeney cooling effectiveness using electrical heaters
(e.g., FLECHT program). By performing fucl assembly tests in PBF it will be
po«xhlv to more realistically prediet full seale reactor core behavior under equiva-
lent accident conditions. Analyvses presently conducted on full seale systems are
deemed to be conservative in the determination of accident consequences—but
significant experimental proof is lacking.

REACTOR SARETY PROGRAM
POWER_BURST FACILITY (PBR

OBJECTIVES - 1. TO STUDY NUCLEAR RIRL AND MDDING BEHAVIOR OF FURL PIN
CLUSTERS UNDER.ABNORMAL OPERATING AND POSTULATED ACCIDENT
SITUATIONS TO DETERMINE SARTY MARGINS. -

2. TO 10ENTIFY ANY UNEXPECTED EVENTS OR THRESHOLDS NOT PRESENTLY
ACCOUNTED FOR IN THE ANALYSIS OF FUEL AND CLADDING RESPONSE,

3. TO EVALUATE THE ADEQUACY OF ANALYTICAL MODELS YO PREDICT THE
CONSEQUENCES OF POSTULATED ACCIDENTS IN NUCLEAR REACTORS,

DESCRIPTION - SAFETY TEST REACTOR, CONTAINING A DRIVER CORE WITH A CENTRAL
: PRESSURIZED WATER LOOP DESIGNED TO TEST THREE-FOOT LENGTH
PWR OR BWR RUEL ASSEMBLIES, CAPABLE OF STEADY-STATE AND

TRANSIENT OPERATION,

DXPERIMENTS LOSS-OFCOOLANT, POWER-COOLING-MISMATCH, AND REACTIVITY-

- . INITIATED TESTS WITH SINGLE PIN AND MULTIROD CLUSTERS USING
UNIRRADIATED AND IRRADIATED PWR AND BWR RJEL FOR CONDUCTING
RESEARCH ON MELTING OF REACTOR RJEL SAMPLES AND ASSEMBLIES.

Si'AYUS : FACILITY COMPLETION AND FUEL LOADING DURING CY 1971 AND START
OF THE EXPERIMENTAL PROGRAM IN EARLY CY 1972,
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The basic document which will focns on the experimental program in relation
to the current safety issues and priorities is the PBF Program Plan, an outline of
which was circulated to the ACRS and the AEC regulatory staffin May 1969 and to
industry in November 1969, Based on ACRS, regulatory staff, indnstry and RDT
review and comment, INC is in the process of establishing a firin test program for
the initial testing <eries and outlining the long term testing series. Present program
plans are devoted to water conled reactor fuels and emphasize the simulation of
those accident conditions considered most representative of the route by which
reactor fucl melt might be achieved. Exploratory work will continue on the
possibility of testing other fuel types. Some facility modifieations are being con-
sidered which, if incorporated, would provide the PBIE with increased capability
to model the potential accident eonditions of advanced high power density reactors.

The  Capsule Driver Core (CDC) program, which provided failure data on
individual pins under static eoolant conditions as a prelude to more complex tests
of fucl clusters in the Power Burst Fucility, was terminated during F'Y 1971,

Mr. Suaw. The unfortunate part about every one of these facilities
is that they are quite expensive to build and quite expensive to operate.
But we know of no other way to get the kind of data we need. There
is also a tremendous amount of controversy as to how beneficial such
small-scale experiments can be, but our position is that we can’t
afford to build them much bigger.

These data become very significant in terms of insuring analytical
and experimental results. We believe we have to keep this kind of
effort going to provide the hest possible answers to the concerns that
can be expressed by thoese looking at what happens if many things
go wrong and if systems put in to take care of these nccidents don’t
work.

FUNDING OF SAFETY PROGRAM

Representative Haxsex. My concern, if T can express it, is that
really we may not be moving shead fast enough in terms of the funding,
of the kind of safety research that will help produce the answers to the
growing concerns that are being voiced, particularly by environmental
groups; safety being such an important part of reactor technology us
the units grow in terms of size, it scems to me that we are going to
have to keep pace in the level of effort that we are mounting for
reactor safety.

My concern is what appears to be a tapering off in the area of
safety research just at the time that we probably ought to be stepping
it up.

Mr. Suaw. Mr. Hansen, it is no seeret that there are strong feelings
and representations that say (xaetly what vou have said. We certainly
are not getting what we have asked for in reactor safety funding,.

The people concerned must recognize that without the data, there
has to be some compensating action taken, such as in terms of being
mote conservative and more eareful than might otherwise be neces-
sary. We cannot exploit the reactors or push the reactors as had a
we believe they could be operated,

We feel we have to develop on two fronts; that is, strong quality
assurance progeams but still examining to our best possible ability
what happens if things go wrong and get the signs of problems early
enough and exereise the type of control needed. '

It is true that partially as a result of the nead to increase the
advanced reactors safety programs, we have had to back off on the
light water safety programs. We have had a number of meetings with
the industrial groups in order to try to get them to pick up these
light water safoty activities. Thereis a good agreement that something
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like this will have to be done, but we haven’t moved ahead as quickly
as should have been done, : .

We feel we have excellent facilities in house. We have oxcellent
people; but we feel that the industry should 1eally be supporting more
of these activities before we terminate them completely. Wo need to
get many of the answers that must be available if we are to continne
to live with the analyses and assumptions made on such matters as
failure modes and response of safety systems with increased power
density and certain materials and operating patterns. -

I want to note, however, that the worth of the safety program
relates not only to the timing of initial start up of these plants, but
also throughout the opcrating history. ‘

Many of the safety concerns you hear about right now relate to the
consideration of long-term operation, which we think are very leyiti-
mate. We feel that this concern over safety is the kind of thing we
must keep in front of us and talk about openly. ,

The safety program suffers the disadvantage of open discussior
although we feel it is the right way to do it. We have discussed safe:.
plans; we have identified all the problems and many of these may
not be 1eal. Unfortunately, our critics and intervenors are using
much of this information against nuclear power in many cases. We
feel we have no option but to conduct the safety related programs
this way and accept the criticism and the consequencos.

Representative Hansex. What is the request for safety?

Mr., Appapkssa. The division request was for $49 million. The
agency roquest was $42 million, and_the budget that you are looking
at, Mr. Hansen, has $35.9 million, which is the prior year’s level.

(Testimony continues on p. 864.)

(Additional information provided for the record follows:)

NUCLEAR SAFETY PROGRAM

The Nuclear Safety Program is divided ‘into five budget categories— Nt fea.
Safety Research and Development, Effiuent Control Research and Develop::ent,
Enginecring Ficld Tests, Reactor Rafety Analysis and Evaluation, and Lngi-
neering Safety Features.

The FY 1972 funding request for Nuclear Safety Research and Development
is €14.4 million, an inercase of 1.4 million above the current FY 1971 estimate,
This represents an inerease of $3.2 million for LMFBR safety R&D, part of which
is off<ct by reductions in AEC funding for the Power Burst Faeility program
and by completion of a study of failure modes in light water reactor fuel cladding.
The inereased LMFBR safety R&D funding is for expanding programs in the
areas of fuel clement failure propagation, fucl-coolant interactions and post-
accident heat removal, and for test irradiations,

The FY 1972 funding request for Efftuent Control Rescarch and Development
i« 4.0 million, a decrease of $1.5 million below the current FY 1971 estimate.
This activity ix dirceted toward developing safe, practical methods for long
term management of the radinactive wastes resulting from nuclear facility oper-
ations; determining and assessing the fate and behavior of these residual radio-
active wastes in the environment, and with the geophysical and environmental
aspeets of siting, design and constrietion of reactors and related noelear facilitios.
The deerease in requested funding is made possible by the achievement of viable,
tested methods of waste soliditication and permanent storage in salt mines, by a
reduced need for additional work in radioactive residue provess development, and
by the completion of meteorological =tudies at the National Reactor Testing
Station. Increases .accomnmodated within this budget element provide for the
conceptual design and environmental evaluation of the National Radioactive
Waste Repository planned-to be constructed at Lyouns, Kansas.

The fiscal vear 1972 funding request for Enginecering Field Tests (LOFT) is
£9.9 million, an increase of $1.8 million over the current fiscal vear 1971 estimate.
LOFT fuel fubrication will be initiated in fiscal year 1972. LOFT analytical systems
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design has been reduced but increases are necessary in test assembly fabrication
fuel fabrication and operations planning.

The fiscal year 1972 funding request for Reactor Safety Analysis and Evaluation
is S1.1 million, a decrease of $0.1 million below the eurrent fiseal yvear 1971 esti-
mate. A small compnter activity for the handling of data on safety-related reactor
characteristics is being terminated, as is the High Temperature Gas Reactor Pro-
gram Office. A small increase in funding is requested for the Nuelear Safety In-
formation Center.

The fiseal vear 1972 request for Engincering Safety Features is £6.5 million, a
decrease of $1.8 million helow the eurrent. fiseal year 1971 extimate, This activity
provides a program for investigation and development of effective engineered
safety features to prevent major accidents and to control their consequences in
the unlikely event they should occeur. Under this budget category, efforts in “sepa-
rate effeets” testing to study experimentally the individual phenomena contri-
buting to reactor bhehavior under aceident conditions have heen considerably
reduced from fiscal year 1971 levels. Analytical study of loss-of-coolant accidents
and the standards program have alzo been reduced. The Containment Systems
experiment (CSF) has been terminated. Significant increases over fixcal year 1971
levels are planned in the study of reactor system and containment structural
dynamic response to accident conditions and in LOFT integral experiment work
and radiological studies. Work is being completed and closed out in experiments
on initiation of ductile pipe rupture, in evaluation of existing data to describe
reactor accidents, and in spray and pool absorption technology. A new program to
study blowdown heat transfer, cooperatively funded with industry, is being ini-
tiated in fiscal year 1971 and will be continued in-fiscal year 1972,

While the Nuclear Safety Program budget is organized on the basis of the five
categories previously described, the deseription included in the record of this
hearing of the program is provided with reference to particular applications, and
cmphasis is placed on specilic accomplishments during the past year, The break-
down of the nuclear safety budget for FY 1972 according to these applications is
as follows:

Dollars in

millions

Fast breeder reactor safety _ . . ____ oo ___ 11. 1
Light water reactor safety . _ . 16. 4
Environmental effeets. . ot 4.0
High temperature gas reactor safety . .. ______________________ oo 0.5
Standards and codes. - - e 2.6
Other e 1.3
Total . o . 35.9

_ (Subsequent to these hearings, the committee submitted the follow-
ing questions to the Commission for reply:)

Question: What type of additional work would be conducted in the safely program
if the funding level were at the division request instead of the requested $35.9 million?

Reply: The nuclear safety program, to stay within the ceiling of $35.9 million
has undergone serious project reductions. Since certain projects require increased
support, others must be reduced. If inereased funding. were available, cfforts
would be supplemented in both fast and thermal reactor safety. Additional fast
reactor safety effort would be undertaken as follows:

1. Acceleration of TREAT modifications to improve testing capability;
¢.g., converter region, : : -

2. Alternate shutdown system studies and experiments for LMFEFBR's.

3. Study of plant size effeets on LMFBR potential safety issues. i

4. Accelerated effort on postaccident heat removal studies and experiments.

Thermal Reactor Safety programs would be complemented as follows:

L. Implementation of additional Blowdown Tleat Transfer, engincering
seale experiments for loss of coolant accident studies applicable to PWR
systems, )

- 2. Increase of cffort and acceleration of Blowdown Heat Transfer, engi-
neering seale experiments for loss of. coolant accident studies applicable to
BWR sy=tems. ]

3. Development of integrated multidimensional computer codes for analysis
of loss of coolant aceidents. '

4. Acceleration of the PBF program for carly initiation of power coolant
mismatch and loss of coolant experiments of irradiated fuel assemblies.

48-721 0 - 79 - 5
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5. Acceleration of PWR Su.niscale testing of loss of coolant behavior and
emergency core coolant injection systems including experiment modifications
to resolve potential deficiencies in 1CC coolant delivery.

6. Initiation of containment studies applicable to BW R pressure suppression
systems. . .

7. Experimental investigation of fuel failure modes under simulated reactor
coolant hlowdown conditions. : .

3. Performance of low flooding rate, atmospheric pressure tests in FLECHT
PW R geometry.

9. Increase the level of effort related to primary system integrity, specifically,
implementation of tasks on stress corrosion, pipe rupture studics, Heavy
Section Steel Technology program and stress indices for piping, pumps and
valves.

Question: Would you please provide a narrative explanation of the steadily increas-
ing operating costs indicated in your 5-year projections from FY 1972 through FY 1977
for the nuclear safety program?

Reply: These projections have the following basis:

i. Water reactors built in the future will incorporate essentially present
day major design and engincering features.

2. Although base technology requirements are decreasing, requirements
for engineering safety systems offset this to provide a near-term overall
funding peak for water reactor safety. The water system safety program will
then phase down to a base level to keep pace with- evolving new technology.

3. The orderly reduction of water reactor safety cfforts will be paralleled
by an increasing emphasis of support on advanced reactors.

4. There will be a continuing emphasis on support activities, including
work related to small radioactive spill problems, cfforts on standards and
environmental R&D in such arcas as radioactive waste management and
thermal effects.

Part of the near-term water reactor safety funding peak can be attributed to
the current effort required to resolve uncertainties facing both reactor suppliers
and those charged with safety assessment for the surge of commercial reactor
business which occurred between 1965 and 196%. It can be predicted that the
majority of the reactor safety qiestions will be answered for this reactor type
by the time most of these reactors have been granted operating licenses, which
is projected to oceur by 1975, if funding and other resources are made available.

In the near term, LOFT and PBF require extensive support from the operating
budget in the form of rescarch and development to provide a basis for their
design, construction and operation, and to pay for cxpendable items such as
reactor cores and experimental components. Continued funding will be necessary
also for the development of safety technology associated with larger-sized water
reactors, new applications, higher power densities, reduced design marging, and
siting closer to high concentrations of population. It will al<o be necessary to
continue to provide a technological safety basis for the design, construction,
operation and maintenance of advanced light water reactor plants, and for their
safety assessment for regulatory purposes. . -

Funding requirements for breeder reactor safety R&D are expeeted to increase
significantly over the period of the next deeade. Consistent with the establishment
of the LMFEFBR as the highest priority program for achieving the breeder objective,
most of the projeeted funding is directly related to this advanced concept. It
<hould be noted, however, that the safety program will also benefit other advanced
reactor concepts. For example, some of the test facilities to be built for the
LMFBR program could be used for R&D on other advanced reactor concepts.

These projections in general are based on the widespread nse of the uraniume-
plutonium fiel evele, and could be significantly altered if in the future it becomes
necessary from the standpoint of national interest to undertake an increased
program for use of the thorium-uranium facl eyvele. .

The funding projection also provides for the continuation of modest R&D
support on the effects of nuclear power on the environment. This work is even
more essential now in light of the national concern regarding the environment.
Additional R&D on waste management techniques will be required. It is also
planned to increase efforts, in conecert with other Federal agencies and industry,
on the control of the discharge of heated effluents from nuclear power plants and
the effect of these dizeharges on the environment. This planned inerease is con-
sistent with the recommendation by the JCAE for an inereased effort to provide
information- to answer the guestions related to environmental cffects of nuclear
power plants.
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Question: Could you also discuss the reasons for the projected construction cosl
increases in the nuclear safety program for FY 1973 through FY 19772

Reply: The primary reason for the increase relates to the safety test facility
and loops as shown below:

Safety test facility and loops: . ‘Millions
Fiseal year 1073 eeeeae- $12
Fiscal year 1974__________ e e e e mmmmmmme e em—m——mmm—————e——— H5H
Fiseal year 1975 . e 20

This projection provides for design and construction of new facilities for the .
conduct of LMFBR safety experiments, should studies presently underway
indicate the nced for such facilities. The most important types of tests will be
those in which the experiment (one or more LMFBR-type fuel subassemblies)
- ix first brought to full power, steadyv-state conditions and then exposed to an
overpower, transient, flow coastdown, flow blockage, or a comparatively slow
change in reactivity. Fast insertions, either from low power or full power condi-
tions, alxo are to be considered and will place different demands on the facilities.

Mr. Jouxsox. M. Hansen, there is some philosophy within various
quarters that as reactors get developed mu‘ become established and
uscful, industry should pick up more of the tab for keeping on to the
safety program. It is a difficult thing to do actually because, as
Mr. Shaw said, it is not-quité the same as testing an airplane. The
cost of the airplane is handled by the manufacturing company and
FAA just goes out and checks it and tests it. ‘

In this case, we have to build special facilities. T think we are doing
about the best we can to get as much money as we can to keep the
program going. It is difficult to get more support than that.

Dr. Kavanagu. We have been trying very hard to get more funds
for this program. I think what you have said in your question is
correct. There should be more in it. We are working to get better
cooperation in resctor safety programs., ,

This does not mean that our reactors are not safe. It means that
we should be spending more to assure that they ave safe, to gain added
assurance that they are safe and, as Mr. Shaw says, find 1t possible
to extend the operating limits and still maintain safety.

(Additional material from Mr. Shaw's prepared statement follows:)

FAST REACTOR SAFETY

The main areas of investigation in thé fast reactor safety program
are following the priotities established in the national LMFBR pro-
gram plan, basically developed by detailed analysis of the LMEFBR
accident sequenco diagram, figure 101.
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Attachment 3

F . UNITED STATES
2 - ‘; NUCLEAR REGULATORY COMMISSION
3 & Pe WASHINGTON, D. C. 20555
° g
K

April 5, 1979

BOARD NOTIFICATION

Re: Cherokee 1-3 Docket No. 50-491-2-3
Diablo Canyon 1-2 Docket No. 50-275-323
FNP Docket No. 50-437
Greene County Docket No. 50-549
Jamesport 1-2 Docket No. 50-516-7
Marble Hill 1-2 Docket No. 50-546-7
McGuire 1-2 Docket No. 50-369-70
North Anna 1 Docket No. 50-338-9
Pebble Sorings 1-2 Docket No. 50-514-5
Perkins 1-3 vocket No. 50-488-89-90
Pilgrim 2 Docket No. 50-471
Seabrook ) Docket No. 50-443-4
Shearon Harris 1-4 Docket No. 50-400-1-2-3
Sterling Docket No. 50-485
St. Lucie 2 Docket No. 50-389 @ -
Three Mile Island 2 Docket No. 50-320
Tyrone . -Docket No. 50-484
Wolf Creek Docket No. 50-482
WPPSS 4 Docket No. 50-513

Distribution:’

Copies of a "Board Notification" dated April 5, 1979, have been served
on the following persons. Those whose addresses are at the U.S. Nuclear
Regulatory Commission have been served by the NRC internal mail system
and others have been served by deposit in the U.S. Mail. One copy has
been served on each person even though his or her name appears on more
than one service list. In addition to copies served on Atomic Safety
and Licensing Board and Atomic Safety and Licensing Appeal Board members
identified on the service list, 19 copies of the attachment have been
provided to the Atomic Safety and Licensing Board Panel, and 1 copy

of the attachment has been provided to the Atomic Safety and Licensing
Appeal Board Panel. - .
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MEMORANDUM FOR: Milton J. Grossman, Hearing Division Director and
Chief Counsel, OELD

FROM: D. B. Vassallo, Assistant Director for Light Water
Reactors, Division of Project Management, NRR
SUBJECT: BOARD NOTIFICATION - SEMISCALE EXPERIMENT S-A7-6
(BN-78-17)

The enclosed staff memorandum discusses unanticipated results during
recent semiscale tests and I think is self-explanatory in terms of in-
formation available to date.

Although the memorandum recommends notifying Boards following the avail-
ability of additional information and a more detailed staff assessment,

I feel that the memorandum, as written, should be provided to appropriate
PWR Boards at this time. We will provide the additional information and
assessments as soon as they are available, but the enclosed memorandum
will serve the purpose of alerting Boards of a potential problem.

OQur 1list of PWR cases before Boards in the service list time frame is as
follows:

Cherokee 1-3 North Anna 1 St. Lucie 2

Diablo Canyon 1-2 Pebble Springs 1-2 Three Mile Island 2
FNP Perkins 1-3 Tyrone

Greene County Pilgrim 2 Wolf Creek
Jamesport 1-2 Seabrook WPPSS 4

Marble Hill 1-2 Shearon Harris 1-4 Yellow Creek
McGuire 1-2 Sterling

——

D. B. Vassallo,'Assistant Director
for Light Water Reactors .
Division of Project Management

Enclosure: o .
Memo, D. Ross” to D. Vassallo
dtd. 9/22/78 w/enclosures

cc w/enclosure: .
See page 2
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Case
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DeYoung
Eisenhut
Engelhardt
Nichols
Grimes
Stolz
Baer
Parr
Varga.
(7)

Ross
Mattson
Stello
Check
Novak
Rosztoczy
Murley
Scinto
Hanauer
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MEMORANDUM FOR: “6. B. Vassallo, Assistant Director for LWRs, DPM
FROM: D. F. Ross, Jr., Assistant Director for Reactor Safety, DSS
SUBJECT: BOARD NOTIFICATION - RECENT SEMISCALE EXPERIMENT S-A7-6

Semiscale experiment Mod-3, S-A7-6 was run on September 12, 1978. It
was intended to model an integral blowdown-refill-reflood scenario for a
double-ended cold-leg break. On September 21, 1978 INEL staff provided
for NRC a briefing of the results of the test.

Some of the results were unanticipated. For example, the heated core
simulator was projected (by Semiscale) to quench at 110 seconds. Instead,
it dried out again and went through several cycles of dryout and rewet
(see enclosed Figure 1). Other portions of the cladding temperature
showed similar discrepancies wherein test temperature) were somewhat
below predicted (see Figure 2, 3). During the test the downcomer voided
several times in the time span 100-400 seconds. This was not predicted
(Figure 4 shows one such void). .

During the periods of downcomer voiding there was also negative (downward)
flow from the heater to the lower plenum.

? guick-]ook report on this experiment will be pub]ished about October 1,
978.

The significance to safety, in the sense of NRR Office Letter No. 19 is in
the phrase "whether this information could reasonably be regarded as putting
a new or different 1ight upon an issue before Boards or as raising a new
issue". The information from the experiment is that nearly complete
downcomer voiding occurred after downcomer fill. This is not predicted
during EM-Appendix K applications. Also, typical Appendix K calculations

do not show successive dryout and rewets over the extended reflood cycle.

The present judgment by INEL is that' experimental atypicalities, in
particular in the stored heat in the downcomer pipe and in the 1-D
arrangement of the downcomer, have produced-an atypical and unanticipated
result. In the coming weeks we and INEL intend to further study the issue
and find out ansyers for the questioned experimental atypicality as well
as the questioned fai1ure of RELAP to have anticipated the result.
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In my judgment, based on the INEL presentation, this experiment does not
put in a new or different 1ight the concept of PWR bottom - flooding
ECCS. Nevertheless, it does require us to get more information from a
source external to the staff. It is of sufficient importance to seek
further information, first from NRC contractors, and perhaps licensees
and vendors in due course. In this event I conclude that it meets the
notification test. In NRR Office Letter 19, Enclosure 1, page 6-7,

I am supposed to provide you the following:

1. the item for notification;

2. considerations regarding relevancy qnd materiality:
3. statement on perceived significance; and,

4, relation to projects. '

1. The item ‘
This memo and the figures show that an integral experiment intended
to simulate many of the PWR LOCA phenomena displayed several
unanticipated expulsions of water from the downcomer during what was
expected to be a tranquil reflood process. -

2. Relevancy and Materiality

The experiment is relevant to all botfom-flooding PWRs. I
presently doubt that it is material due to perceived atypicality.

3. Significance

Current staff positions on this subject are through approval of
Appendix K models. :

If we thought a new phenomenon was discovered, we would alter our
staff positions on those models. Until the atypicality issue and the
code predictability issue is better documented, we do not propose to
reopen PWR vendor model approvals. This position is interim, and
based on the expectation that the experiment is atypical and that
proof will be available in the order of weeks. ’

4. Relation 40 Projects

This relates to PWRs in general. R

As far as documentation is concerned, I believe it is preferable to
distribute notification of the October 1 Quick-Look Report along with

a more detailed staff assessment of relevancy, materiality, and significance.
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We could have this by October 15. If, however, more prompt notification
is needed, this memo should suffice.

-
: \ AT/
D. F. Ross, Jr.; Assistant Director

for Reactor Safety
Division of Systems Safety

Enclosures:
As stated

. Mattson

Stello

Boyd . '
. Eisenhut . .

. Grimes

. Check

. Novak

Rosztoczy

Murley

Scinto

Hanauer

cc:

.

.

o .

NN TmOO<D
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5. CONCLUSION AND RECOMMENDATIONS

The emergency core-cooling systems of several boiling- and pressur-
ized-water reactors, were reviewed, the design basis and backup data were

examined, and the need for certain additicpal data was established. Gen-

erally,'the design approach used by the manufacturers is conservative

when evaluating the energy released or the cladding ‘temperature. Occa-
sionally there is an absence of experimental data that is inconsistent
with the apparent sophistication of the calculational procedures.

The following conclusions and recommendatioﬁs are made as a result

of this review.

5.1 Removal of Erergy Sources

The emergencyAcore-cooling system.is an engineered safety feature
designed to prevent a core thermal runaway by removing fission decay and
stored energies and by preventing the release of potential energy in the
Zircaloy-steam reaction. Lack of control and removal of theﬁe energy

sources might lead to failure of the outer containment structure.

5.2 Damage to Core During Blowdown

The LOFT and the CSE programs are studying the blowdown of pressur-
ized- and boiling-water reactors in detail. The questions relating to
the mechanicél integrity of the core and the piping have been defined and
many can be resolved by the designers. The effect of pipe rupture propa-
gation time and shock waves on the pressure loadings axially across the
core and radially across the core barrel should be determined for short
rupture times. The time to reach saturation pressure in the blowdown is
about 0.05 sec for a large pipe rupture. Therefore even a propagation
time of 0.0l sec is not considered an instantaneous break. Damage to

the core internals during the depressurization may adversely: affect the

coolant distribution and core cooling during the blowdown and core re-

flooding process.
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The transient heat transfer from the fuel to the cladding to the
coolant should be measured and understood for both pressurized- and Soil-
iné-water reactors during the quasi-steady-state blowdown. The fuel cool-
ing rates during blowdown can influence by at least 1 min®4 the minimum
time required for water addition to prevent fuel cladding melting and/dr
excessive metal-water reaction. Core damage that would influenge cooling
rates should be prevented. . .

The LOFT and CSE programs are studying the amount‘of water remaining

_in the pressure vessel and high-pressure system after blowdown, since the
water left in the reactor vessel affects both the time to reflood the
core and the potential extent of the Zircaloy-steam reaction. Tests of
the amount of water left in the vessel after blowdown have been extended
to include determinations of the effect of core internals and the external
piping on the amount of water left, since they may act as entrainment
separators. i

There are many computer programs and physical models available for
calculating blowdown-pressure transients and water inventory. These com-
putational methods are being tested by the IOFT and CSE programs. This
effort should continue, since all these cbmputer programs need normaliza-
tion to data. Much time would be saved if the competence of the individu-
als from diverse organizations working on this effort was grouped to form
a common source of information. Battelle Memorial Institute has recently

initiated such a program at the suggestion of ORNL.

5.3 Spray Cooling of Core

Additional work is required to assure the reliability and effeétive-

ness of spray cooling systems for the high specific power cores currently
being designed, particularly for temperatures in the range 2000 to 2500°F.
Extensive work by Phillips Petroleum Company is planned on Zircaloy rod
bundles. )

The data published by General Electric Company on the effectiveness
of spraying 6 X 6 and 7 X 7 arrays of full-size stainless steel-clad fuel
assemblies were obtained under conditions where the hottest fuel rod was
assumed initially to be at 1800°F (representing some time after blowdown).
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However, in their Browns Ferry reactor, for example, the calculated ther-
mal condition of the core fuel rods 30 sec after the break when spraying
was initiated would be as follows:

Temperature

°c °F

Hot spot 1177 2150
10% of cladding >948 >1740
25% of cladding >816 >1500
50% of cladding >635 >1175

Some of the core would be at terperatures in the region where the metal-

water reaction rate between Zircaloy and steam becomes significant. The

experimental data clearly need to be extended to the temperatures of the
accident. ' ]

Terperature distributions representing the consequences of moderate
delays in initiation of emergency cooling should be simulated in some
spray tests. Forced- and natural-convection heat transfer between steam
and high-temperature Zircaloy should be measured and analyzed.

The gas pressure inside the fuel rods should be controlled at levels
representative of reactor fuel to get a proper measure of,the nature of
the cladding failure as the blowdown occurs. The possibility that swell-
ing of the cladding may cause blockage of the flow channel should be
eliminated if gross swelling occurs. The relationship between the amount
of steam-Zircaloy reaction and gas embrittlement should be determined.

The condition leading to rod fragmentation upon quenching from high tem-
peratures should be determined so that it can be avoided.
The possibilities of water-hammer formation by rapid addition of

water to hot Zircaloy should be eliminated. The spray system relies on

wetting the inside and outside of the fuel channel shroud and thereby pre-
senting a radiation sink for the heat from the fuel rods. The Japanese
and British data on the sputtering phénomenon, as well as the American
work by General Nuclear Engineering Corporation on flooding of hot metal
surfaces, show clearly that®the time required foi cooling and wetting a
hot surface increases rapidly with increases in surface-to-steam ﬁempera-
ture differences and decreases with system pressure. This influences the

48-721 0 - 79 - 6
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lag time for rewetting the wall and fuel rods and-requires that the rods
ve cooled by both thermal radiation’ to steam and steam convection until
the walls are wetted. Tests should be rujy with hot fuel asserblies cooled
by water at the termperature and pressure of the eontainment and pressure
vessel environments following the accident and at heat fluxes correspond-

ing to the newer BWR fuel designs.

5.4 TFlooding or Immersion Cooling

The pressurized- and boiling-water reactors are cooled by & rising
flood of water as an emergency coolant. The. flooding systems are useful
because they provide a uniform distribution of coolant. Current work at
Phillips Petroleum Cormpany at Idaho Falls in the FLECHT and SECHT programs
is investigating the cooling characteristics of such systems. This work
should be extended to parallel channels at different temperatures to as-

sure that hot-channel starvation of coolant does not occur in shrouded
channels.

The effects of boiling in open channels should be determined at
cladding terperatures above 2200°F, since this may alter the required
liquid level in the pressure vessel for adequate cooling in the postblow-
down situation.

The use of the pressurized-water tanks on pressurized-water reactors
is a practical solution to adding a large quantity of water to the core
rapidly. The accumulators relieve the need of emergency core-cooling
systems for almost-immediate pump power. These tanks should be designed
so that the prgssurized gas from the accumulator does not drive the water
from the core after the initial injection. )

Design efforts should continue on both PWR's and BWR's to decrease
the response time of emergency core-cooling systems, since this may one

day be the limiting factor on fuel spec:.fic power Or on power density.

5.5 Structural Integrity of Core During Heatup

Some reactors still use stainless steel cladding on control plates
and followers inside the hot region of the core. Since stainless steel
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and Zircaloy react at temperatures below the melting point of stainless
steel, this reaction should be explored to make certain it does not inter-
fere with core cooling.

5.6 Structural Integrity of Vessel 4 4

The time required® 2 in a large-rupture loss-of-coolant accident for
fuel that is unquenched to melt through the reactor vessel and possibly
breach the outer containment vessel has been estimated at 1/2 to 1 hr.
Therefore, a design and experimental effort should be iritiated to arrive
at a method of containing or stopping & vessel melt-through before the
containment is breached in the event of the worst case of an inoperative

emergency cooling system.

5.7 General Performance and Standards p

The current reactor emergency core-cooling systems that reflood part
of the core within 30  sec after a major break or which start adding cool-
ant by spray distribution before the blowdown is complete appear capable
of quenching the core and preventing a thermal runaway accident in which
the core might melt down and penetrate the reactor vessel and containment
shell. The emergency cooling system is an engineered safety feature of
prime importance under some accident conditions in protecting the contain-
‘ment shell and controlling the radioactivity release from the fuel. Suf-
ficient data should be obtained with heated Zircaloy-clad uranium dioxide
fuel rods and water-steam mixtures to establish the physical phenomena
that occur at temperature levels between 2000°F and the melting point of
Zircaloy. Significant cladding swelling and cracking occur at tempera-
tures from 1200 and 1800°F in all water-cooled reactors. The effect of
these failures, if any, on flow channel blockage or flow distribution .i‘i

not known.

Rapid activation of the emergency cooling system and long-term opera-
tion are the most urgent requirements in the event of a 1arge-“sca.1e pri-
mary cooling system i)rea.k. Therefore a continuing effort should be made
to develop more rapidly acting systems with even better reliability than
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systems currently bdeing designed. To thisiend, systems tests that deter-
mine the effectiveness of the hardware acting in concert should be per-
formed in environments designed to simulate an accident situation. There
1s no other certain demonstration of adequacy. These tests should be

perfomed on a prototype of large scale. The revised LOFT progra.msn

mnay satisfy this need. The ability to predict system performance analyti-
cally could demonstrate an adequate jevel of understanding. Consideration

of the improbable accidents (sabotage, earthquakes, falling airplanes,
etc.) and the potential plant damage requires complete redundancy and pro-
tection of coéling systems in order to assure a working coolant-injection
system in all circumstances.

Finally, the emergency provisions for a loss-of-coolant accident
should be examined to determine that the provisions themselves do not
create hazards. Specifically, the BWR automatic-relief system and the
gas in the PWR water storage tanks could both worsen the situation by

ejecting coolant from the core needlessly under certain circumstances.

5.8 System Tests

The accidents-discussed in this report all lead to temperature, pres-
sure, and humidity environments far different than t,hose normally prevail-
ing. Tests on the emergency cooling equipment for each reactor should
be performed to supply assurance that hardware meets appropriate specifi-
cations and can survive and perform in accident situations and the result-
ing environments. Separate tests to (1) demonstratg hardware reliability

and (2) system effectiveness may be sufficient. These are d:.fferent from
the prototype tests.

Maintenance and retesting of the emergency cooling system hardware,
including power supplies, should be routine and sufficiently frequent to

assure availability on demand.’? Results of tests of emergency cooling

systems for operating reactors show that emergency power supply avail-
ability can be improved by more thorough preventive mamtenance.la

Frequent and routine tests of the availability of emergency equip-
ment, such as are proposed in the preliminary design reports, should be

carried out. The results of these tests should supply data that_can
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demorstrate the availability of equipment and the reliability to perform
as designed by comparison with data obtained from the prototype tests
proposed in Section 5.7.

5.9 Design Improverents

Efforts to improve the emergency cooling systems should be continued

by design studies for reactors with higher specific power and flatter
power distribution. Emergency cooling systems are designed to control
the thermal and radioactive energy release from the fuel, limit the damage
to the reactor complex, including the containment shells, and thereby
help protect the public from gross exposure to radioactivity in the event
of a primary coolant rupture and loss of power. The reactor operating
variables of fuel specific power, plant thermal output, and to a lesser
extent fuel burnup strongly influence economics as well as the emergency
coolirg system design requirements. The factors that improve economics

] also increase the demand on the cooling system purps and power supply
through increased demands on the time-to-startup margin and flow rates.
The design studies would clarify specific future needs for the nuclear
industry and the AEC.

The trend toward power flattening within the core of the next gen-

eration of water-cooled reactors reguires more detailed knowledge of the

water-steamQZircaloy interaction to assess the details of the loss-of-
coolant accident. An erfort should be started soon to estimate the re-

lationship between the power distribution within a large core, the maxi-
mum design cladding terperature in the postaccident situation, and the
emergency cooling system design requirements in order to assess accurately
the adequacy of the no-cladding-melting criteria or other criteria that

may be suggested.

5.10 Priorities

All the items dicussed above are of prime importance in assessing
the safety of a reactor plant. in establishing priorities among the items
for effort it is clear that those items that relate to future-generation
plants or to plant maintenance may be given a lower priority than cther

items. However, all the cuestions should be answered before *the newar

Dlants have operated any appreciable time. No actual priorities  may
therefore be stated.
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Mr. McCormack. Thank you, Dr. Kepford.

I want to remind the members that we are going to observe the
5-minute rule. I shall try to observe it as well as anyone, and ask
all other members to do so, too.

I would like to direct my first question to Dr. Levenson, and to
ask him—you said we have been unable to identify any new phe-
nomena uncovered by the accident. Would that include the produc-
tion of hydrogen in the reactor vessel itself?

Dr. LEVENSON. Yes; I think that is correct. The matter of the
temperatures at which zironium or its alloys, such as zircoloy,
react with water to produce hydrogen is a well-established phenom-
enon.

The rates of reaction and the actual temperatures have been
measured in the laboratories many times. The basic design of emer-
gency core cooling systems is to keep zironium metal below the
temperature at which such a metal-water reaction occurs.

If you exceed that temperature, the reaction will occur. It is not
a new phenomenon.

Mr. McCorMmack. Dr. Dietrich, I believe it was you who men-
tioned the necessity to be able to remove inert gases from the
reactor. Would this be easily accomplished with existing power-
plants? When they go down, could this be handled, to provide some
method for venting reactors?

Dr. DiETRICH. I think it would be a fairly straightforward engi-
neering job to do this, if one were interested only in the venting.
But as I mentioned in my testimony, one has to give careful consid-
eration to such changes. For example, it is another path for radio-
activity to come from the primary system into the containment
building. It is also another potential leakage path.

Mr. McCorMAck. What you are saying is it could be done?

Dr. DietricH. Absolutely, and it will be done, but I am only
saying that we should not go out and say, OK, we are going to do it
::iodgy, without giving it careful consideration and looking at the

esign——

Mr. McCorMACK. Any exhaust system would have to provide for
the removal of fission product gases, traps, and scrubbers and so
on.

Dr. DieTrICH. Right.

Mr. McCorMACK. You also mentioned on page 2:

To make less difficult demands on the operator and to be more forgiving of

operator errors through minimization of the frequency of occurrence and speed of
development of operation of perturbations with potential for hazard.

Are you suggesting that we should be building C-47 ’s instead of
P-51’s here? In other words, are you saying that the plants are too
hot to handle; that is, in the sense of being too hypersensitive to
transients, and too fast for the operators to respond?

Dr. DietricH. No. But I think there are things that can be done.
For example, I think the fact that the pressurizer appeared to be
going solid, as they say, had a great deal to do with the Three Mile
Island accident.

Maybe we need a somewhat larger pressurizer, so its volume is
larger relative to the capacity of the primary system, so that it is
not quite so sensitive. Or maybe we need a bigger inventory of
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water in the secondary system, so that if the feed pumps go off, one
is not immediately faced with the steam generators going dry.

Mr. McCormack. OK. Very quickly——

Dr. DieTrICH. It is engineering I am talking about.

Mr. McCormMack. Let me ask you a couple of quick questions.

It would be relatively simple, wouldn’t it, to install valve indica-
tors on critical valves to tell what the valve is doing, as well as
what it should be doing? .

Dr. DierricH. I believe it would be relatively simple in principle.
To actually go into the plant and do it would certainly take some
time.

Mr. McCormack. Would it be your belief that we should go back
and look at the design of some of the valves we have been taking
from the shelf, and been using, such as pressure release valves, and
ezﬁ)lore their design, so that they could be made much more reli-
able?

Dr. DietricH. It is possible. I don’t consider myself an expert on
valves, but some of the things that we do in the name of safety
perhaps haven’t been as well thought through as they might be.

For example, now, the valve that stuck was the relief valve,
whose purpose is really to keep the safety valve from opening.
Since the safety valves are put on there, it is always a possibility
that—— ’

hMr. McCormAck. But the release valve didn’t close when it
should. -

Dr. DierricH. That is right. What I am saying is if the safety
valve sticks open, there is no way to turn it off. There is no block
valve. You are not allowed to put a block valve in because of the
pressure codes. :

Mr. McCormack. Wouldn’t design and procedures allow you to
have a control on the control panel that said open the valve, the
valve is open, close the valve, the valve is closed?

Dr. DierricH. Oh, yes.

Mr. McCormack. OK. I don’t have any more time. I have some
more questions later on.

Mr. Goldwater?

Mr. GoLbwATER. Mr. Dietrich, I wonder if you could elaborate on
a statement you made in your testimony, and I would be interested
in Dr. Kepford’s analysis of that elaboration. It is on the first page.

You say, “While the specific accident sequence was unforeseen,
th% 1(.engineered safeguards used were successful in protecting the
public. ‘

Dr. DieTRICH. Yes.

Mr. GoLDWATER. What do you mean by that?

Dr. DierricH. Well, very little radiation got out. One of the
safeguards is the containment building. If you hadn’t had that
building there, you would really have been in bad shape. Eventual-
ly they did use the safety injection pumps to put water into the
reactor. They are part of the engineered safeguards, also.

If they had not been there, or if they had failed to operate, you
couldn’t have recovered from the accident. These are the sorts of
thinlgsdl mean. The equipment was there. When it was turned on it
worked.
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Mlz dGOLDWATER‘ Dr. Kepford, your allegation is that nothing
worked. :

Dr. Keprorp. No; I didn’t say that at all. I think probably much
of the equipment worked as well as could be expected considering
the designs and layout of the control room, and so on.

With regard to radioactive releases, from what I have been told
by officials in State government, dozens of curies of radioactive
iodine-131 were released, and millions of curies of noble gases.

This was a very major release of radioactivity. It was, I am sad to
say, largely unmonitored. The largest releases of radiation went
unnoticed.

At 7:30 Wednesday morning—the director of the Bureau of Radi-
ological Health for the Commonwealth of Pennsylvania, Mr.
Thomas Gerusky, told a public meeting in Newberrytown, Pa, a
couple of weeks ago—the projected dose rate in Goldsboro was 10
roentgens per hour. '

Now, the wind was heading right toward Goldsboro, from the
plant. It is a very small town, a few hundred people, due west of
Three Mile Island. Whether or not that dose ever got there, I don’t
know, but it certainly doesn’t show up in any of the calculations or
estimations of doses which have been released.

There was the release of gases March 30, Friday morning,
headed off in the direction of Hershey, Pa. The dose rates were on
the order of 100 millirems per hour projected.

But again, the monitoring was so bad that nobody was available
to find out. When you look, for instance, between Three Mile
Island unit 2 and that compass sector which includes Lancaster,
Pa., one of the nearest large population centers, there wasn’t a
single radiation monitor, and so on.

So when people come by and say nobody was hurt from this
accident and nobody was injured and the population exposures
were very low, I think they are doing one of two things. They are
either being very dishonest or they are relying on hopelessly in-
cox;llpetent monitoring. I don’t think there is much of an excuse for
either.

Mr. GOLDWATER. Dr. Levenson, as chairman of the Ad Hoc Indus-
try Advisory Group that looked at this accident, do you have any
comments?

Dr. LEVENSON. Our role did not include the health and safety
monitoring, but I would comment in the context of Dr. Kepford’s
original statement that what is calculated is perhaps less reliable
than what is experimental.

There were a lot of calculations made on projected doses, assum-
ing both a level of release and a level of catastrophe that never
ocourred. We were directly involved only to the extent of monitor-
ing at the site and close in to the plant as it affected the recovery
operations.

Since nothing within orders of magnitude of this level was pres-
ent at the plantsite, it is difficult to see how it could have been
present miles away.

Regarding the question of what is adequate monitoring, with
hindsight, like with most things, you never have enough data. But
I think that in the data that exists, which came from multiple
groups—there was not just one group doing monitoring—there is
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indeed a very large discrepancy between what has been measured
?”niidWhat some people projected there might be. But this is not my
ield.

Mr. McCormACK. Mr. Goldwater’s time is up. It is Mr. Lujan’s
turn. :

Mr. DorNAN. I wanted to ask a question out of sequence. I have
some gasoline shortage experts in my office. We have two crises on
each coast. But this is much more serious. I wanted to ask a
followup question of Dr. Levenson, with a slight prolog.

Those of us who believe in nuclear energy, if we ever underesti-
mate the impact on the public of the statements of Mr. Tom
Hayden, his wife Jane Fonda, or the Dick Cavetts of the world, the
Ralph Naders, we are making a big, big mistake to underestimate
the impact they are having on the people.

Last night on television, on the Cavett show, Ralph Nader said
he was just a little shocked about the timing of the Three Mile
Island, that it was inevitable, that he expected a major accident to
come closer to the year 2000.

But that given the inevitability of the growth of nuclear plants
and the numbers involved, that it is just a matter of time and that
he thinks the Three Mile Island incident is just that, an incident,
and the major castastrophe is just to come.

The compelling part of his argument to the average American is
there has not been a technological development anywhere where
there has not been a catastrophe. For instance, the British Cunard
lines built the unsinkable Titanic, and it goes down on its maiden
voyage.

As a pilot, when I first saw the 747’s, DC-10’s, and 1011’s take to
the air, I thought, I wonder if we really have safety systems built
in in such a way that there will never be an accident. But a
Lockheed 1011 flies into the ground outside of Miami—pilot error.

A DC-10 loses a door off the rear over France, with a loss of life
of over 340 people. Finally, a 747—I am not talking about terror-
ists, deliberate destruction—but a 747 crashes in Africa, killing a
massive amount of people.

Now, Dr. Levenson, in the area of probability, if we weather this
storm and nuclear plants continue to grow—and I am supporting
them at this point—is Ralph Nader predicting, within the realm of
probability, correctly when he says there eventually will be, just by
the law of averages, a serious meltdown and a great loss of life?

This is disregarding the gentleman’s figures on page 12, Dr.
Kepford, that he believes hundreds, maybe thousands, will die
already because of Three Mile Island.

Could you please project your thinking into the future, on the
law of probability?

Dr. LEvensoN. Well, I am not an expert on the law of probabil-
ity, and even less of an expert on public opinion, and how it is
influenced. Fairly clearly it is not influenced by technical facts
very much.

The matter of the type of accident and its consequences is basi-
cally about what we are talking. Incidentally, I disagree with Mr.
Nader. Three Mile Island was not merely an incident, it was an
accident. Anybody trying to say it wasn’t an accident is playing
games with words.
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It was an accident, and it was a pretty serious accident. It was
not catastrophic to public health. Most of the catastrophic acci-
dents are invented by computers. They are not the result of any
experimental or factual evidence.

As early as 1953, back in the early days of the AEC, reactors

were pushed to destruction in Idaho, in the so-called Borax experi-
ments, where reactors were actually destroyed to get evidence
about what happens.

We have a very large amount of evidence from, reactor melt-
downs. The first breeder reactor in this country, EBR-1, had a
meltdown that destroyed two-thirds of its core. The SL-1, the first
military so-called hotrod type of reactor, that resulted in the death
of three men represented a destruction by meltdown and vaporiza-
tion of a significant fraction of the core.

There was also the Fermi reactor. A large number of military
accidents have occurred, including bombers, which were carrying
plutonium warheads which crashed, where the plane went up in
fire and everything else with it.

There have been many classified experiments in Nevada in the
weapons program. A very large discrepancy exists between the
theoretical projections of catastrophe and what the experimental
evidence indicates.

The probability is such that eventually there will be more acci-
dents and that some will be more serious than Three Mile Island.
You must compare, from the total public risk standpoint, the
number of people killed by various sources of generating electric-
ity. It must be on this basis—you cannot say if nuclear power Kkills
100 people once every 5 years, we don’t want it, if the alternatives
kill 10 times that many people.

It is comparative risk analysis that is conspicuously absent in the
statements that you have quoted. v

There probably will never be an accident absolutely identical to
‘Three ‘Mile Island. Probably there will be some similar accidents,
and there probably will be some even more severe. I just don’t
* think there will be any that we could truly call a major
catastrophe.

If you want to use your analogy of aircraft, we have yet to worry
about either a DC-10 or a 747 reaching escape velocity and taking
its passengers out into deep space. Equally improbable questions
are being asked about nuclear power.

Mr. McCormack. Will the gentleman yield?

I think there is one portion of the question and answer that
needs just one additional bit of clarification. I would like to ask Mr.
Levenson to answer it; that is, it is not necessary that anyone be
harmed in the event of a meltdown.

One could have a meltdown without harming anybody, even
inside a plant. You can have a complete meltdown and no one will
be harmed inside a plant, is that correct?

Dr. LEVENSON. That is correct. We have already had a number of
experimental and accidental meltdowns. The function of the con-
tainment building and all of the auxiliary systems that are in it is
to -handle such meltdowns—the recombiners dispose of hydrogen if
it is generated, et cetera.
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There isn’'t any indication from factual experience that even a
meltdown automatically leads to the catastrophic consequences
that is talked about. ,

Mr. McCormaAck. Thank you.

Now, did the gentleman from New Mexico wish to yield any
more time to the gentleman from California?

Mr. GoLowaTer. I will yield the full 5 minutes to the gentleman
from New Mexico. v

Mr. Lusan. I thank the gentleman. I don’t think I need 5 min-
utes. Looking over all of the testimony, it seems to indicate, except
for Dr. Kepford’s, that we ought to concentrate on stopping the
small accidents, and that if we do that, that the big accidents will
take care of themselves.

Maybe not quite as simple as that, but that the priority ought to
be on those small accidents.

Would you care to enlarge on that? Have I gathered at least the
feeling of what the testimony was about? Any of you?

Mr. KenneDpy. The answer to your question is yes. The large
accident has been pretty thoroughly studied. I personally believe
that if one builds a reliable powerplant, it will also be a safe
powerplant. That doesn’t mean the thing should be ignored, but we
spend a tremendous amount of time on the very large accident and
not enough on the reliability.

Mr. Lusan. The sequence of events at Three Mile Island shows
that within 3 hours, at a time somewhere about 2% hours, some-
thing like that, there were some 50 or 60 people running around
inside the control room. :

It leads one to believe that there was just utter confusion in that
control room. Maybe my interpretation of it is a little exaggerated,
but if that were the case—I have been in that control room—there
were just about a dozen of us there at the time, and it certainly
was crowded.

Because accidents happen with some frequency, is there any
group, like a SWAT team of some kind, some group that is put
together from laboratories, from industry, from wherever it may
be, that can come in, and take control of a dangerous situation, and
bring it under control?

Is there anything like that? If there isn’t, should there be some-
thing like police SWAT teams to respond to those situations?

Dr. DieTrICH. I can say that as far as my company is concerned
we have set up teams of this sort since Three Mile Island. So we
have taken action on something we learned. But of course there is
no way that we can set it up to use people other than our own.

But they are very knowledgeable people. These teams include
people who have been our representatives during startup of plants
and that sort of thing.

So that they are not by any means just theoretical people. They
are people who know how to press the buttons and work the valves.

Mr. Lusan. These are trained only in your type of reactors. In
other words, they would have no knowledge about reactors de-
signed and built by somebody else.

Dr. Dietrich. I think they would be helpful, but of course it
would probably be more effective if each manufacturer——
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Mr. Lusan. How would each company feel separately about
standardization? It just seems to me—I am not an engineer—that if
we had standardized design and construction of plants, that it
would make it so much easier.

Now, would you submit to a group type of design and construc-
- tion, or do you think yours is that much better, that maybe you
wouldn’t want to be dropped into a standardized group?

Dr. DieTricH. Well, I am not really sure how one might imple-
ment such a thing. :

Mr. LujaN. You design a powerplant, you say this is really the
way a powerplant ought to be, this is the standard model, it will
have all of the things that you have been talking about, it is
earthquake resistant, the valves are good, the pumps are good, all
of the different components are good.

Therefore, this is the plant that we would build. All we have to
do is the foundations, build them up.

Dr. DieTrIcH. 1 think that is essentially what I was speaking of
in the program that we were recommending. But I did not say to
come up with a single design. : '

Mr. Lusan. Why not?

Dr. DieTricH. Because I just don’t know how to do it. I mean, 1
don’t know how to implement it. Now, I am not saying there is not
a way of doing it. It is just not my field. It would get pretty
complicated on things like antitrust.

Mr. LuJaN. On the contrary, it seems to me—even though my
time is up—that on the contrary, it would make it so much easier.
Here is my powerplant, you go to the NRC, they say, yes, we know
all about this plant, and they give you a license.

Dr. DietrICH. 1 cannot really speak for my company. I would
guess my company would certainly participate in such a thing, if
there were such a thing.

Mr. McCorMACK. I thank the gentleman from New Mexico.

The gentleman from Pennsylvania, Mr. Walker.

Mr. WaLker. Thank you, Mr. Chairman.

I have questions of a couple of people. So I hope maybe they can
be as brief as possible with their answers.

Mr. Levenson, in your testimony, I kind of read between the
lines that you are saying that perhaps the regulators and the
regulated have gotten a little too cozy on this business of watchful-
ness over plant design and public safety.

Is tl?lat a fair assumption that I have drawn from what you had
to say’

Dr. LEveENsoN. No; I don’t think there is a coziness at all. What I
am saying is that the people applying for licenses are reacting to
the pressures from the regulators, and that if everybody is preoccu-
pied with the wrong thing, it doesn’t matter how cozy or how
antagonistic they are, you don’t address the really significant
questions.

Mr. WaLKER. When you took a look at the situation at Three
Mile Island, did it occur to you that perhaps there was kind of cozy
relationship, in the initial licensing procedure, the initial proce-
dure that brought it on line, to come in under the December 31
date for licensing?
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Dr. LEveNsoN. I have reviewed none of the records and none of
the proceedings or testimony for the licensing, so I cannot com-
ment on that.

Mr. WaLkER. OK.

You make a statement here in your remarks that the confirma-
tory message of Three Mile Island is that we must go back and
assure ourselves that we are doing everything that is practicable to
reduce the risk to the public and to the plant.

I am particularly interested in the public. What is the nuclear
industry doing now that Met Ed wants to dump that radioactive
waste water into the Susquehanna River? Wouldn't it be wise for
the industry to be coming down on the side of doing their very best
to protect the public in this aftermath of Three Mile Island?

Dr. LEvensoN. I am not aware of any proposal to dump radioac-
tive water into the river. I think there is a proposal that after the
water has been decontaminated, that the cleaned up water be
dumped into the river. :

That is quite different than dumping the radioactive water.

Mr. WALKER. It will still have low levels of radioactivity in it,
wouldn’t it?

Dr. LevensoN. Everything in the world is radioactive. I have
been involved in many cases where the problems were that radioac-
tivity in river water that we pumped out for cooling water was
greater than the allowable standards to put it back into the river.
One has to ask how radioactive, what are the standards.

I don’t know of any request for an exemption from what are
considered acceptable standards.

Mr. WALKER. I say to you that the public up there is extremely
concerned about dumping that water, and whether or not it meets
specific tests and so on. I think the industry, if they are really
concerned about the risk to the public over the long term, ought to
look into that.

Dr. Kepford, I would like to follow up on a couple of statements
you made as well. You made the statement that you felt that the
NRC lied along the way on this. Do you include Dr. Denton’s
state?ments in the fact that NRC was lying to the people of the
area?

Dr. Keprorp. I don’t know which particular statements you are
referring to. '

Mr. WALKER. Well, in general I think the public accepted much
of what Dr. Denton had to say. Was he lying along the way?

Dr. Keprorp. I don'’t believe so.

Mr. WaALKER. OK. Fine. .

You are making the point that the monitoring of the radiation
was not very good. ‘

Dr. Keprorp. It was abominable.

Mr. WALKER. I think you said radiation monitors only went out
13 miles.

Dr. Keprorp. The NRC’s only went out 13.8 miles, that is correct.

Mr. WaLker. I am a little bit confused; then. The studies on
which all the calculations have been made on sites that go out as
far as Reading, which is considerably further out than 13 miles.
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Now, all of the studies, all the health effects are out at least that
fir, Reading, Carlisle, all of the areas had dosimetry monitoring in
them. '

Are you saying that——

Dr. Keprorp. They are not mentioned in the reports that I have
seen.

Mr. WaLker. They are part of the health effects study. That is
the NRC study—which says that only one or two people will die as
a result—of TMI. Those were the dosimetry sites that they used.
That is in direct contrast to your statement here that hundreds
and thousands are going to die.

I mean, these are my neighbors we are talking about.

Dr. KepForD. I am aware of that. This is the report that I am
talking about. You can have it if you want. But measured radiation
readings, elevated readings in Reading are not mentioned.

Mr. WALKER. I am talking about the Population Dose and Health
Impact of the Accident at Three Mile Island nuclear station.

Dr. Keprorp. May 10? .

Mr. WaLkER. Yes. The dosimetry sites in there include Lebanon,
Reading, Lancaster, Harrisburg, Carlisle, York, and so on, most of
which are further out than 13 miles.

Dr. Keprorp. Where are you reading this?

Mr. WALKER. I am back on page 20, where I have the location of
the dosimetry sites. It is my understanding that all of those sites
were used as a part of the data base. '

Dr. Keprorp. On that map, the only sites that have dosimeters
on, for instance, near Harrisburg, 15-G-1, is a dosimeter site.
There is one south toward Lancaster, but only about 14 miles from
the plant. That is 7-G-1. Closer in is 7-F-1. South of York is 9-G-
1. I think those are the only dosimeter sites there.

Mr. WaLker. I was under the impression that the sites also
marked at Reading, Lancaster, and so on are also dosimeter sites.

Dr. Keprorp. I am sorry. I was unaware of that.

Mr. WaLKER. That is my impression. I will have to go back and
check it. That was my impression of the data.

Dr. Keprorp. The data in here that I have looked at has only
been the NRC data. The Met Ed data has been too scattered for me
to do anything with.

But in a lot of directions, as you go away from that plant, the
dose does not fall off with distance. In fact, in some cases it in-
creases with distance. This, in my mind, tells me that neither NRC
nor Met Ed had the slightest understanding of what the weather
conditions were like, first off, in the lower Susquehanna River
valley and secondly in that first week of the accident; that is, there
was a relatively static air mass over that area, and the radioactive
materials that were released simply did not normally form a plume
3nd dissipate and blow over to somewhere else like they normally

o.

They were held down by a temperature inversion and slid up and
down the Susquehanna River, and off into the surrounding commu-
nities. v
"~ Mr. WaLKER. | was out and did a little bit of the monitoring with
them when I was on the site. I know they went down river with
portable monitors a good deal further than what would be indicat-
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ed as close in monitoring because I was along when they were
doing some of that. )

I assume some of that data got in. If I could, Mr. Chairman, just
one last question.

The thing that disturbs me is that you use the figure hundreds
and maybe thousands, that you believe are going to die. Those are
the kinds of things that make good print in newspaper articles and
so on, those kinds of figures.

Yet you are, it seems to me, a little bit guilty of the same thing
you are accusing the industry of being. You say you can’t quantify
the number. Yet you come back and say the main problem with
the industry is the fact that the industry doesn’t have exact experi-
ments to show what is going to happen.

When you use figures, it seems to me you are using them for
political kinds of purposes.

Dr. Keprorp. This again, Congressman Walker, was another ex-
periment that was carried out on human beings, where nobody was
around to collect the data. It is not my responsibility to collect the
data. The NRC and Met Ed and those responsible are supposed to
be doing that.

What I was saying was that their treatment of the data in my
opinion, the NRC data, is dishonest. That is what I am saying. I did
a very quick estimation. It could be high, it could be low by a factor
of two on the person rem exposure. . '

In here they quote 3,500. I came up with 57,000. That is quite a
difference. That suggests to me that the data was simply handled
wrong.

I would be very glad to go over this with you in person, or g0
over it here, what I did with the data. i

Mr. WaLKER. But the fact remains that your testimony says, “I
cannot quantify the number exactly, but I have reason to believe
that the number may be in the hundreds or in the thousands.”

hWhat I am saying to you is that is exactly the same thing
that——

Dr. Keprorp. Can I go on. This is based partly on the statement
of others, including none other than Karl Z. Morgan, who is well
known, I am sure, to members of this committee, who stated at the
Village Voice teach-in a week ago Saturday that he believed some-
where between 60 and 120 people, I believe, would die from this
accident, '

Mr. McCormMack. I think we are going to have to terminate this
part of the testimony here, Dr. Kepford. Our time is up on it. We
are going to have to get on to the next panel because we have to
adjourn by 12:00. ‘

I am sure that the witnesses will be willing to answer further
questions in writing for many of the members of the committee. I
want to thank them. '

I do think there is one thing to be pointed out here; that is—
Congressman Walker would be particularly interested in this, and I
don’t know whether you have done this calculation—based on the
cancer deaths in this country, the normal cancer rates, of the
800,000 cancer deaths in this area around Pennsylvania from
normal causes; that is, there are 400,000 cancer deaths in this
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country per year today, and over the next 20 years there will be 8
million cancer deaths in this country.

Of that—I beg your pardon. There will be 80,000 cancer deaths in
that same population, in the next 20 years. If the NRC report is
correct, if it is correct that the average individual dose they quote
is 1.5 millirems, then from background it would be 100 times that
much. From normal background, and whatever cancer deaths are
suggested from the accident, if the NRC figure is correct, then the
deaths from background would be 100 times, during this same
period, for any one year.

Mr. WALKER. I thank the chairman for that. I think one of the
worries of the community up there is how much we are beginning
to build up when we start dumping the waste water into the
Susquehanna, and how much you build on top of that. It is one of
the real concerns.

Mr. McCormMack. I think the concern the gentleman has is very
well taken. I think it is a question that we should address to the
NRC tomorrow, whether the radiation level of the water released,
proposed to be released at Three Mile Island is above or below
background, and if so, how much, so we can get some feel for that.
That would help you and your constituents.

I want to thank the gentleman iof the panel very much for
appearing today. You are very kind.

We have one more panel at this time. The next witnesses are Mr.
Saul Levine, Director of the Office of Nuclear Regulatory Reserch
for the Nuclear Regulatory Commission, and Dr. Harold Lewis,
professor of physics for the University of California.

These witnesses can provide us with exceptionally valuable testi-
mony.

Dr. Lewis, do you want to come up and join us at this time. We
welcome you. '

STATEMENT OF SAUL LEVINE, DIRECTOR, OFFICE OF NUCLE-
AR REGULATORY RESEARCH, NUCLEAR REGULATORY COM-
MISSION

Mr. McCorMACK. By way of background, and for a better under-
standing by the members of the committee, Dr. Levine was very
active in the preparation of what is known as the Rasmussen
report, WASH-1400, in which an attempt was made to quantify the
potential for nuclear accidents involving deaths of indviduals.

Dr. Harold Lewis headed up a group that provided some ex-
tremely responsible, constructive criticism, at a later date, of the
Rasmussen report.

“Unfortunately, the press seriously distorted the intent of the
Lewis review of the Rasmussen report and took advantage of what
 was perhaps some unfortunate language in the statement of the
Nuclear Regulatory Commission in evaluating and accepting the
Lewis report. In the press, it appeared that NRC was rejecting the
Rasmussen report and as if the Lewis study constituted total rejec-
tion of the Rasmussen report.

All those involved know this was not the case, but it is important
today for the general background of the Members of Congress to
help bring this point out, and to help give us some perspective with
respect to the safety design philosophy of nuclear powerplants, and
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the implications of the Three Mile Island accident with respect to
nuclear safety in general. ' :

Then in addition to that, Dr. Lewis will be testifying on the
general safety and statistical analysis of the hazards associated
with nuclear powerplants and his report that he made previously.

So we are looking forward to this testimony. First of all, the
statements of both you gentlemen will without objection be insert-
ed in the record in their entirety and you gentlemen may proceed
as you wish.

Mr. Levine, would you care to go first?

Mr. LEviNe. Thank you, sir. .

I have a brief oral statement to make, Mr. Chairman, which I
hope will be adequate for your purposes. I will cover three subjects,
sir—the safety design philosophy for nuclear powerplants, the rela-
tionship between the Three Mile Island accident and the reactor
safety study and the lessons we have learned from Three Mile
Island about additional research needed on the safety of nuclear
powerplants.

First, nuclear powerplant safety design philosophy.

In approaching the safety design for nuclear powerplants, the
NRC recognizes that these plants present some potential for acci-
dents that can have large consequences.

Because of this, we also recognize the need for a comprehensive
regulatory process to help insure that no undue risk to the health
and safety of the public will arise from their operation.

This process involves a well-developed safety design approach,
the specification of safety design requirements to implement that
approach, and an extensive safety review and licensing process to
ensure that plants meet established safety requirements.

A key element behind these requirements and procedures is a
recognition of the need for redundancy not only in the elements of
plant design but also in the review process.

The need for redundancy derives from the understanding that in
spite of man’s best efforts to achieve high quality in design, con-
struction, and operation of nuclear powerplants, these goals cannot
be achieved; that is to say, no body of knowledge can ever be
complete enough to reduce uncertainties and risks to zero.

The safety design approach used by the NRC emphasizes defense
in depth. In nuclear powerplants, a series of physical barriers is
constructed between the large amounts of radioactivity contained
in the nuclear fuel and the environment.

Since it is known that some types of failures in one of these
barriers can also cause failure of the other barriers, there are two
other important factors involved in the implementation of the
defense-in-depth approach.

These are, first, the specification of requirements to achieve high
quality in the design, construction, and operation of nuclear power-
plants to reduce the likelihood of failures that could potentially
cause accidents; and second, the use of engineered safety systems,
with redundancy when needed, to prevent failures from progress-
ing into accidents.

These requirements are outlined in NRC regulations, standards
and safety guides which are based on sound engineering practices
established over the past 20 years, and which are undergoing con-
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tinuing improvement. The NRC also sponsors a comprehensive re-
search program to provide the technical bases for the confirmation
of NRC'’s safety decisions and for needed improvements.

In summary, 1 believe that while nuclear powerplants, or any
other of man’s technological endeavors, cannot achieve risk free
operation, the current system has provided a sound basis to ensure
that nuclear powerplants present no undue risk to the health and
safety of the public.

Of course, we have learned lessons from Three Mile Island, and
have to do some work, which I will come to later in my testimony.

I would like to say a few words about the Three Mile Island
accident and its relationship to the reactor safety study, WASH-
1400. The comments I will make here should be regarded as pre-
liminary because although we understand the basic elements of the
TMI event, there are many details yet to be filled in.

From the viewpont of nuclear powerplant safety design, two
principal technical elements are involved in TMI. The most impor-
tant is that the plant was configured so that the pressure relief
valve on the primary coolant system opened very often due to
events such as a failure of normal feedwater flow to the reactor.

An important matter in TMI and similar plants is to reduce the
frequency of opening relief valves since, if the valves do not open,
“they cannot stick open and cause a small loss-of-coolant accident
(LOCA), as apparently happened at TMI. This has been addressed
in the bulletins issued by the NRC which require such actions as
the installation of anticipatory signals that would result in earlier
plant shutdown, raising the pressure setting at which the relief
valve would open, and reducing the pressure at which the reactor
is signaled to shutdown. These changes should, in principle, signifi-
cantly reduce the likelihood of the valve opening.

The second area relates to the reliability of the auxiliary feed-
water system. The question of interest is whether the RSS correctly
predicted the chance of failure of the auxiliary feedwater system to
operate when needed. Certainly the RSS identified that the system
could be failed because the output valves of the system would be
incorrectly left closed after maintenance, as was done at TML

The incident at TMI does not give us data as a failure point,
because the system did perform its intended function although only
after 8 minutes into the accident. However, it was a precursor to
possible failure and this suggests that we will have to go back and
reexamine the RSS predicted failure likelihood for this system to
see if changes are needed.

The TMI accident has also indicated areas requiring additional
safety research information.

While some of these requirements can be accommodated by re-
programing and reorientation of ongoing efforts, we believe there
will be a significant amount of new work that will require re-
sources over and above those contained in our fiscal year 1980
budget request to the Congress.

Therefore, we are currently preparing a proposed fiscal year 1980
supplemental budget request for review by our Commission. While
I can indicate now the areas in which I believe research will be
needed, I cannot go into great detail because we are still developing
this information. However, I can indicate that our research needs
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are generally greater in the study of accidents which can lead to
extreme core damage, but which would fall short of actual melting
of the core.

So far my examination of the TMI accident suggests that re-
search is needed both to reduce the likelihood of events of this type
and to obtain a better physical understanding of them. As I said
earlier, additional resources will be needed to accomplish this
work. The following topics need urgent attention:

A. TRANSIENT AND SMALL LOCA EVENTS

Ongoing research efforts must be accelerated to obtain engineer-
ing data on behavior of the fuel, the release of fission products
from the fuel, and the thermal hydraulic behavior of the core and
primary coolant system during transient and small LOCA events.
These data are required to accelerate develoment and testing of
analytical models and computer codes needed to give more precise
predictions of actual system performance.

B. ENHANCED OPERATOR CAPABILITY

The accident at Three Mile Island has also demonstrated the
urgent need for system improvements to enhance in-plant accident
responses. This area of research need was given high priority and
addressed in some detail in the NRC’s “Plan for Research to Im-
prove the Safety of Light-Water Nuclear Power Plants” (NUREG-
0438), submitted to the Congress in April 1978. This work, which
needs to be accelerated, includes improved data display and diag-
nostic systems to assist the plant operator under accident condi-
tions, additional in-vessel and plant instrumentation which will
operate reliably under such conditions, enhanced data transmission
capabilities to obtain outside assistance during emergencies, system
interlocks to preclude plant operation unless all safety systems are
in an operable condition, and development of improved require-
ments for operator training simulators.

C. PLANT RESPONSE UNDER ACCIDENT CONDITIONS

Research is required to explore more fully the response of plant
safety systems and components during accident conditions in order
to understand better the physical processes that can occur so as to
help preclude further system failures. Efforts in this area include a
detailed understanding of the primary coolant chemistry following
fuel failure, hydrogen evolution and behavior in the primary
system and containment, and behavior of safety components of the
plant, that is, reactor vessel pumps, valves, et cetera, under pro-
longed accident environments.

D. POSTMORTEM EXAMINATION AND PLANT RECOVERY

It is apparent that significant postmortem examination of the
TMI core, plant components and the containment will be very
useful in obtaining necessary information on fuel behavior, fission
product transport and plateout and component operability under
prolonged accident environments. These examinations will also be
necessary to help define plant recovery requirements and risks.
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The TMI core must be removed from the reactor vessel in a
manner such that important configuration information is not lost.
The core should then be shipped to appropriate hot cell facilities
where it can be examined and analyzed extensively. These studies
will provide significant data on coolability of damaged cores, fuel/
clad/coolant interactions, and fuel chemistry under severe heatup
conditions.

I hope that the views I have expressed here today regarding the
safety design philosophy for nuclear power plants and the Three
Mile Island accident, including the lessons to be learned from TMI
as they relate to our research needs, will be of value to the commit-
tee in its considerations of these important issues. I believe signifi-
cant regulatory actions are already underway to reduce the likeli-
hood of such incidents significantly. For the longer term, I am sure
that further improvements will also be effected. The research areas
I have mentioned above should be started soon to provide the
needed information.

Thank you, Mr. Chairman.

[The prepared statement of Saul Levine follows:]



97

STATEMENT OF SAUL LEVINE, DIRECTOR
OFFICE OF NUCLEAR REGULATORY RESEARCH, NRC
BEFORE THE SUBCOMMITTEE ON ENERGY RESEARCH AND PRODUCTION

May 22, 1979

Introduction

Mr. Chairman,

I am pleased to be here today to give you my views on the safety design
philosophy for nuclear power plants, relationship between the Three Mile
Island (TMI) accident and the Reactor Safety Study (RSS), and the 1e§sons

we have learned from the Three Mile Island event about additional

research needed on the safety of nuclear power plants. While the Three Mile
Island accident was indeed a highly regrettable event, it does give us an
opportunity to learn some lessons needed to-prevent instances of this type

in the future and thus enhance the safety of nuclear power plants.

Nuclear Power Plant Safety Design Philosophy

In approaching the safety design for nuclear power plants, the HRC
recognizes that these plants present some potential for accidents that
can have large public consequences. Because of this, it also recognizes
the need for a comprehensive regulatory process to help ensure that n6
undue risk to the health and safety of the public will arise from their

operation.

This process involves a well developed safety design approach, the
specification of safety design requirements to implement that approach,
and an extensive safety review and Ticensing process to ensure that
plants meet established safety requirements. A key element beh%nd these

requirements and procedures is a recognition of the need for redundancy
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not only in the elements of plant design but glso in the review process.
The need for redundancy derives from the understanding that, in spite of
man's best efforts to achieve high quality in design, construction and
operation of nuclear power plants, these goals cannot be completely
achieved; that is to say, no body of knowledge can ever be complete

enough to reduce uncertainties and risks to zero.

NRC's regulatory process has relied and will continue to rely on the
judgment of highly skilled engineers and scientists as the principaf
basis for its safety decisions. While extensive strides have been made
in the development of quantitative risk assessment techniques, and the
careful use of such techniques can provide added engineering insights
about the safety of nuclear power plants, they have so far been developed
only to the point where they can provide a valuable supplement to the
other methods and procedures now used by the NRC to form its safety

judgments.

The safety design approach used by the NRC emphasizes defense in .depth.
In nuclear powér plants, a series of physical barriers is constructed
between the large amounts of radioactivity contained in the nuclear fuel
and the environment. The fuel is contained in a sealed metal-cladding;
the clad fuel is contained in a sealed, steel primary coolant system;
and the primary coolant system is enclosed in a sealable containment

building. Since it is known that some types of failures in one of these
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barriers can also cause failure of the other barriers, there are two

other important factors involved in the implementation of the defenée in
depth approach. These are, first, the specification of requirements to
achieve high quality in the design, construction and operation of nuclear
power plants to reduce the Tikelihood of failures that could potentially
cause accidents; and, second, the use of engineered safety systems, with
redundancy when needed, to prevent failures from progressing into accidents.
These requirements are outlined in NRC regulations, standards and safety
guides which are.based on sound engineering practices established over

the past 20 years, and which are undergoing continuing improvement. The
NRC also sponsors a comprehensive research program to provide the technical
bases for the confirmation of NRC's safety decisions and for needed

improvements.

The NRC's regulatory process for nuclear power plants consists of safety
reviews by the staff of the Office of Nuclear Reactqr Regulation and by
the statutori]y.jndgpendent Advisory Committee on Reactor Safeguards.
Public hearingslbf the results of the staff and ACRS reviews are held by
an NRC Atomic Safety and Licensing Board. The results of these hearings
can be appealled to an NRC Appeals Board and the Commission. ;Beyond

this, appeals can also be made to the courts. These reviews are conducted
twice--once before the construction of a plant is allowed to commence

and again before operation of the plant is permitted. The reviews also

include environmental as well as health and safety considerations.
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The NRC's Office of Inspection and Enforcement conducts inspections

during construction of the plant to help ensure that the plant is being
built in accordance with the safety design and quality requirements.
Inspections are continued during the operating life of the plant to help
ensure that the requirements of NRC's licenses are adequately enforced,
that problems arising in operation are QelI handled, and valuable feedback
from operating experiences is incorporated into the safety reviews of
additional plants. Furthermore, NRC Ticenses require utilities to test
important safety systems periodically and to report failures of all

safety related equipment to the NRC. The results of NRC inspections and

reports of equipment failures are routinely made public.

In summary, I believe that, while nuclear power plants (or any other of
man's technological endeavors) cannot achieve risk free operation, the
current system has provided a sound basis to ensure that nuclear power

plants present no undue risk to the health and safety of the public.

THREE MILE ISLAND AND THE REACTOR SAFETY STUDY

1 would like to say a few words about the Three Mile Island (TMI) accident
and its relationship to the Reactor Safety Study (WASH-1400) which is
more commonly called the Rasmussen Report after Professor Norman C.

Rasmussen of the Massachusetts Institute of Technology, who directed the
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work. The comments I will make here should be regarded as preliminary,
because although we understand the basic elements of the TMI event,

there are many details yet to be filled in.

From the viewpoint of nuclear power plant safety design, two principal
technical elements are involved in TMI. The most important is‘that the
plant was configured so that the pressure relief valve on the primary
coolant system opened very often due to events such as a failure of

normal feedwater flow to the reactor. The second relates to the reliability
of the auxiliary feedwater system which is needed to remove the heat from

the reactor after it has been shut down.

For the PWR studies in the Reactor Safety Study (RSS) as well as for
most other PWR's, the primary coolant system pressure relief valve would
not be expected to open in the event of failure of the normal feedwater
system. The difference between those plant; and TMI would be that they
would automatically be shut down quickly when normal feedwater flow
stopped, thus rapidly reducing the amount of heat that had to be dissipated
and cabsing only a small rise in reactor system pressure. In the TMI
accident the loss of normal feedwater, in and of itself, caused the
relief valve to open very quickly (in 3 seconds). If this vaive were to
stick open, and valves of this type have about one chance in fffty of
doing so, the plant would experience the equivalent of a small Loss of
Coolant Accident (LOCA)*. This is what happened at the Three Mile
Island plant.

*Attachment 1 hereto contains a description of a Loss of Coolant Accident
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Thus, an important matter in TMI and similar plants is to reduce the
frequency of opening relief valves since, if the valves do not open,
they cannot stick open and cause a small LOCA. This has been addressed
in the bulletins issued by the NRC which require such actions as the
installation of anticipatory signals that would result in earlier plant
shutdown, raising the pressure setting for opening of the relief valve
and reducing the pressure at which the reactor is signalled to shutdown.
These changes should, in principle, significantly reduce the likelihood

of the valve opening.

The second area relates to the reliability of the auxiliary feedwater
system. As pointed out in the RSS, the lack of availability of both
normal and auxiliary feedwater systems can lead to serious overheating
and melting of the nuclear fuel. Although this type of sequence was one
that contributed significantly to the accident risks predicted in the
RSS, the auxiliary feedwater system analyzed in the RSS was found to be
a highly reliable system. At TMI, the auxiliary feedwater did not fail
permanently; it was out of operation for only the first 8 mfnutes of the
accident, after which it functioned properly. Plant temperature data
indicate that this did not affect the course of the accident §ignificant1y;
and, although it may have served as a source of distraction to the plant

operator, thessystem basically performed its design function.
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The question of interest is whether the RSS correctly predicted the
chance of failure of the auxiliary feedwater system to operate when
needed. Certainly the RSS identified that the system cqu]d bé failed
because the output valves of the system would be incorrectly left closed
after maintenance, as was done at TMI. In most reactors, even if this
were to happen, there would be 30 to 60 minutes available for the operator
to correct the situation before any fuel damage would be expected to
occur. The incident at TMI does not give us data as a failure point,
because the system did perform its intended function. However, it was

a precursor to possible failure and this suggests that we will have to
go back and reexamine the RSS predicted failure likelihood for this

system to see if changes are needed.

I should a]§o note-here that we are now using the RSS techniques to

review the auxiliary‘féedwater systems of all PWR reactors to determine

if any upgrading will be needed. It is my belief that the safety engineering
insights and techniques developed-in the RSS can be used effectively to V
study the TMI accident to help determine improvements that may be needed

in the safety of nuclear power plants. Such an approach is consistent

with the recommendations of the Risk Assessment Review Group Beport* and

with the policies enunciated by our Commission.

* "Risk Assessment Review Group Report" to the U.S. Nuclear Regulatory
Commission (NUREG/CR-0400), commonly called the "Lewis Report" after
its Chairman, Professor Harold W. Lewis, University of California,
Santa Barbara. '
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RESEARCH NEEDS

The TMI accident has also indicated areés requiring additional safety
research information. While some of thése requirements can be accommodated
by reprogramming and reorientation of ongoing efforts, we believe there.
will be a significant amount 6f new work that will require resources over
and above those contained in our FY 1980 budget request to the Congress.
Therefore, we are currently preparing a proposed FY 1980 supplemental
budget request for review by the Commission. While I can indicate now

the areas in which I believe research will be needed, I cannot go into

great detail because we are still developing this information.

In general, the recent accident at the Three Mile Island Nuclear Plant
can be thought of as emphasizing the need for additional safety research

information in the area portrayed schematically in the figure below:

Design Basié Accidents*

A A A |

Accidents Leading to
Extensive Core Damage

Increasing
Consequences

77 7 7 7 7T T 777777

Core Melt Accidents

N

*Design basis accidents are defined in the first paragraph of Attachment 1.
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Design basis accidents (DBA's) have been studied extensively in NRC's
licensing process. A prime example of a DBA is the large Loss-of-

Coolant Accident {LOCA). These analyses and supporting research are
petformed to ensure that plant safety equipment {emergency core cooling
systems, etc.) have adequately defined safety margins to prevent significant
fuel damage in the event of a DBA. While we have known for some time

that more attention is required for small LOCA and transient events, the

TMI accident clearly calls for much more urgent action than has so far

been taken.

Core meit accidents have been studied extensively in the RSS and ongoing
research programs are continuing to better define the physical processes
involved in molten fuel and plant materials, the release and transport

of radionuclides from the reacfor fuel and consequences to the public.

Sucﬁ investigation§ assign failure probabilities to various safety

systems whose lack of operation would lead to core melting. Accidents
involving extensive core damage without sigbificant fuel melting were ‘

not examined extensively in the RSS because they were not thought to

have large public health consequences. The primary application of research
about fuel melting to date has been in risk assessment studies which

address both the probability and consequence of such accidentg.

The area which Ties in between these two types of accidents has received
Tess emphasis in both our research program and the licensing process.

- Such accidents, similar to TMI, can occur as a result of partial failure
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of various systems and may lead to extensive core damage, even without
fuel me]iing. I use the term partial failure here to describe two
situations at TMI. The first is the fact that a small LOCA occurred
when the relief valve opened and failed to reseat. This was followed by
the repeated closing and reopening of the block valve to the relief
valve, thus, causing a series of intermittent small LOCA's. Also, I
refer to the repeated turning on and off of the emergency core cooling

system, as opposed to its either complete operability or complete failure.

So far my examination of the TMI accident suggests that research is needed
both to reduce the 1ikelihood of events of this type and to obtain a better
physical understanding of them. As I said earlier, additional resources
will be needed to accomplish this work. The following topics need urgent

attention:

A. Transient and Small LOCA Events

Ongoing research efforts must be accelerated to obtain engineering data of
behavior of the fuel, the release of fission products from the fuel,

and the thermal hydraulic behavior of the core and primary coolant

system during transient and small LOCA events. These data are required

to accelerate development and testiné of analytical models and computer

codes needed to give more precise predictions of actual system performance.
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More specifically, current nonnuclear test facilities should be modified
to obtain engineering data on the heat transfer and coolant flow
conditions in the core and reactor primary system for both PWR and

BWR transients. and small LOCA's. Investigation of the cooling and
behaQior of fuel under natural circulation and transient conditions
where the core may be uncovered would-also be performed. Small LOCA
tests in the Loss-of-Fluid Test (LOFT) reactor should be accelerated

to obtain data with a nuclear core and at larger scale than most of the

nonnuclear tests.

Investigations of the behavior of severely damaged fuel which may
result from certain transient and small LOCA events should also be
conducted. Flow teéts of fuel assemblies which have been allowed
to boil dry should be performed to study coolability of damaged
cores. Tests should also be conducted to determine the rate and
nature of radicactive fission product release from damaged fuel, as
well as the transport of these fission products in the reactor

primary system and subsequent release to the reactor containment.

The development of advanced computer codes to predict more precisely

the thermal hydraulic behavior of the core and primary coolant '
system under transient conditions should be accelerated. These analytical
codes, known as "best estimate" codes, are designed to predict with
greater precision actual system perfofmance under various transient

and accident conditions, as contrasted to the "evaluation model” codes
used in the licensing process which contain significant conserva-

tive assumptions in order to put an upper bound on predictions of
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accident response. The data obtained from the system engineering

tests and fuel behavior experiments will be used to upgrade the
analytical models and test the prediction capability of the codes.

These analytical codes can then be used to analyze a variety of transient
and small LOCA events under various failure conditions in order to
jnvestigate aspects of plant system design and safety system operation

which may require further regulatory attention.

Enhanced Operator Capability

The accident at Three Mile Island has also demonstrated the urgent

need for system improvements to enhance in-plant accident responses.

This area of research need was given high priority and addressed in

some detail in the NRC's "Plan for Reseafch to Improve the Safety

of Light-Water Nuclear Power Plants" (NUREG-0438), submitted to the
Congress in April 1978. This work, which needs to be accelerated, includes
improved data display and diagnostic systems to assist the plant

operator under accident conditions, additional in-vessel and plant

_instrumentation which will operate reliably under such conditions,

enhanced data transmission capabilities to obtain outside assistance
during emergencies, system interlocks to preclude plant operation unless
all safety systems are in an operable condition, and development of

improved requirements for operator training simulators.

Research should be performed to define requirements for data display

and diagnostic systems to better assist the operator under accident
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conditions. These display and diagnostic systems should also

include the capability for outside organizations to provide assistance
and advice to the plant under accident conditions. Studies should be
performed to define the necessary data transmission and communication

requirements for this purpose.

Improvements are needed in instrumentation to measure plant conditions
such as valve position indicators and reactor vessel water level.
Studies should be performed to define all instruments needed to
assist plant operators in the diagnosis of accident conditions,

and tests should be conducted to evaluate and improve reliability

of such instrumentation under long term accident environments.

Requirements should also be developed to improve the use of simulators
in studying operator response to accident situations and for

related training. Control room énd plant protection system design
requirements should also be studied to define improvements which

will enhance accident response and reduce the Tikelihood that a plant
can be operated whén safety systems are not all operational.

System interlocks which would preclude plant operation under

certain conditions should be further defined; such as, unavailability

of the auxiliary feedwater system.

Plant Response Under Accident Conditions

Research is required to explore moré fully the response of plant

safety systems and components during accident conditions in order

48-721 0 - 79 - 8
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to- understand better the physical processes that can occur so as to
help preclude further system fai]urés. Efforts in this area include
a detailed understanding of the primary coolant chemistry following
fuel failure, hydrogen evolution and behavior in the primary system
- and -containment, and behavior of -safety components of the plant,
j.e.; reactor vessel pumps, valves, etc, under prolonged accident

-environments.

Experiments should be performed to develop data and analytical methods
to characterize the complex chemical nature of the primary coolant
after a transient in which some fuel has failed. This work would

lead to development of computer codes to describe the coolant chemistry
following various accidents, and to the development of improved sampling
methods to determine the amount of failed fuel from primary coolant

~analysis.

Experimental and analytical research should be conducted to describe
the formation and behavior of hydrogen -in the primary system in
accidents which involve significant fuel failure. Research should
also be performed to study and predict reliably the mixing of such
gases with the containment atmosphere. Methods for reducing the
hydrogen gas in the primary system and in containment after an
accident should be investigated to reduce the probability of explosion

or fire.
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Testing should be performed to investigate the integrity of the

reactor vessel under thermal shock conditions (cold water on hot

vessel) at higher pressures representative of transient and small

LOCA events to determine potential for vessel failure. Previous

tests of this nature were performed at lower pressures more representative
of large LOCA events. Requirements should also be developed for

testing of critical plant equipment, pumps, valves, etc., to determine

reliability of operation under severe accident environments.

Post Mortem Examination and Plant Recovery

It is apparent that significant post mortem examination of the TMI

core, plant components and the containment will be very useful in obtaining’
necessary information on fuel behavior, fission product transport and
plateout and component operability under prolonged accident environments.
These examinations will also be necessary to help define plant recovery

requirements and risks.

The TMI core must be removed from the reactor vessel in a manmer such

that important configuration information is not lost. The core should
then be shipped to appropfiate hot cell facilities where it can be
examined and analyzed extensively. These studies will provide significant
data on coolability of damaged cores, fuel/clad/coolant interactions, and

fuel chemistry under severe heat-up conditions. 3

Examination of the status of the containment building and plant
safety components will yield important data on radioactive fission

_ product transport and plateout and provide information on the operability
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of safety equipment under prolonged accident conditions. This
information will be required to eﬁtab]ish improved environmental
requirements and criteria for requalification of safety equipment
necessary for plant recovery. It is expected that these investigations
will also lead to development of improved equipment qualification
methodology spanning a range of postulated accidents.

Conclusion

1 hope that the views 1 have expressed here today regarding the safety
design philosophy for nuclear power plants and the Three Mile Island
accident, including the lessons to be learned from TMI as they relate

to our research needs, will be of value to the Committee in its con-
siderations of these important issues. I believe significant regulatory
actions are already underway to reduce the 1ikelihood of such incidents
significantly. For the longer term, I am sure that further improvements
will also be effected. The research areas I have mentioned above should

- be started soon to provide the needed information.
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ATTACHMENT 1

Loss of Coolant Accident (LOCA)

In evaluating the safety of nuclear power plants in NRC's licensing

process, a series of design basis accidents have been selected. A

design basis accident is used to specify sets of conditions which engineered
safety systems are designed to mitigate in the interest of protecting

the health and safety of the public. The most intricate design basis
accident is the loss of coolant accident, called a LOCA which is described

in the following discussion.

A LOCA is postulated to occur as a result of a break in one of the pipes
that comprise the primary coolant system of a reactor.* As a result of
the break, loss of cooling capability for the nuclear core would occur
and a rise in temperature of the fuel and its cladding could result.
Since cooling the fuel and its cladding would be necessary to prevent
the release of radioactive fission products, reactors are provided with
emergency core cooling systems to keep the fuel covered with water and
cooled. A major part of our research effort is devoted to defining the
safety margin of emergency core cooling systems with greater precision

than is now available.

Figures 1, 2, and 3 illustrate a pressurized water reactor and-its
associated emergency core cooling system.. Figure 1 is a very simplified
view of the primary coolant system and the associated steam generating

equipment. This shows the reactor core, in its vessel, and the circulation

*More generally, any essentially permanent opening in the primary coolant
system that can result in significant loss of water inventory can
be termed a LOCA.
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of primary coolant system water through the core, out to the steam
generator, and back through the pump to the reactor vessel. The very

hot water pumped into the steam generator heats other water in a secondary
circuit to make steam, which then drives a turbine and a generator to
produce electricity. Figure 2 shows how the single reactor core and
vessel can be used with up to four cooling loops, each with a pump and a

steam generator.

_ Figure 3 shows how the emergency core cooling system connects to the
primary coolant system. The ECCS consists of accumulators, which are
large vessels containing water under pressure, and low pressure and high

pressure injection pumps shown schematically by the pumps in the figure.

1f a pipe were to break, as is indicated in the figure, the primary
system water would be expelled as a result of its high pressure and
temperature. Signals resulting from the loss of pressure in the primary
coolant system would initiate operation of the ECC systems. The efficacy
of emergency core cooling performance is predicted by calculating the
temperature of the hottest part of the fuel c]adding in the reactor core

to ensure that it does not exceed NRC's safety requirements. -
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Mr. McCorMack. Thank you, Mr. Levine.

I have a number of questions which I shall save until after Dr.
Lewis. By the way, I should mention, Dr. Lewis is a physicist
from—where is your home base, Dr. Lewis?

Dr. Lewis. Santa Barbara. :

Mr. McCorMmACK. You are very welcome.

Please proceed with your testimony as you wish, Dr. Lewis.

Dr. Lewis. Very good; thank you, Mr. Chairman. I am of course
pleased to be here. You have my written testimony.

Mr. McCorMackK. Yes.

Without objection, your written testimony will be inserted in the
record at this point, and you may proceed as you wish, Dr. Lewis.

STATEMENT OF DR. HAROLD W. LEWIS, PROFESSOR OF
PHYSICS, UNIVERSITY OF CALIFORNIA

Dr. LEwis. Very good. I will forego then reading it to you, be-
cause that would waste all our time.

What I do want to say though is that I have to make my position
clear. I did chair the American Physical Society Light-Water Reac-
tor Safety Study Group, which resulted in a unanimous report—
and therefore I can speak for that group—and the Risk Assessment
Review Group which reviewed WASH-1400, which on these mat-
ters resulted in a unanimous report, so I think I can speak for that
group.

I am also, as of 2 weeks ago, a member obviously of the Advisory
Committee on Reactor Safeguards, and I can obviously not speak
for that group. So I will try to make clear when I am speaking for
myself and when I am trying to speak for one or the other of the
groups I have been involved with. I have to put that on the record.

I would like to go through a few of the things you asked me to
discuss, rather specifically the problems that our review group
found with WASH-1400, the Rasmussen report, and how they are
relevant to the question of reactor safety and what they indicate
for us. I think I would, especially in view of your introductory
comments, like to go through a few of these things, and reinforce
some of the things that you have said.

The Rasmussen report, as we all know, was a serious effort to
-quantify rationally the probability and consequences of a nuclear
accident. As soon as it was reported out, it received a great deal of
criticism, which was a fairly intimate mixture of rational criticism
and irrational criticism, with the result that the entire system
became very defensive about the report, and ended up in my per-
sonal view defending things that were indefensible along with
those that were defensible, and it may be—and we said this in our
report—asking too much of people to distinguish among the slings
and arrows those which have poison on them and those which are
good, clean sharp points. But the group involved did find a certain
amount of difficulty doing that.

We studied the report on commission from the NRC for about a
year, heard testimony extensively, and ended up saying essentially
the following: That the report is very hard to read. I think that is
not a great discovery for most people. Everyone knows it is a very
hard report to read and to follow in some detail.
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On the other hand, it was a major forward step in making the
study of the safety of nuclear powerplants rational. It was a seri-
ous, responsible, and honest effort—and we said this—to quantify
the probability and the consequences of an accident. Where it fell
short, and there were plenty of places that it fell short, these were
a consequence of the fact that it was a very difficult job that was
undertaken.

More specifically, the report used a kind of methodology for the
study of nuclear safety, the so-called fault-tree event-tree method-
ology, which had come under attack from some critics as being
wanting in itself. We found that criticism to be without merit, that
is to say, we found that the fault-tree event-tree methodology,
which is essentially the application of logical procedures to the
analysis of nuclear accidents, is a completely solid procedure.

Solid procedures can sometimes be implemented imperfectly, but
it is important to distinguish between the quality of the screw-
dlrl'iver and the effectiveness of the carpenter, and we tried to do
this.

I am making this point fairly carefully, because one of the impor-
tant, in my view, recommendations that we made was that this
kind of methodology be much more extensively used within the
NRC for the orientation of the safety research program, which is
under Mr. Levine, and in the regulatory process. That is to say, we
said that it is much better to base the things that you do on what
knowledge you have than it is to base it on judgment or knowledge
derived other than by careful and responsible analysis.

It is an important point, and I would like to keep coming back to
it. On the specific implementation in WASH-1400, we went
through it, and we did find a very large number of things which
were not done as well as we would have liked them to be done. One
always asks, in this highly charged and passionate subject, whether
errors are made—first, one always asks whether they are made on
purpose, and we answered that by saying no.

Then one asks whether such errors as are made have the conse-
quence of ‘exaggerating or minimizing the likelihood of a reactor
accident, that is, in the jargon of the trade, are they conservative
or nonconservative? We found that there were a fair number of
conservative things, overly conservative things, and I can name a
few of them. I will come back to one important one. And there
were a fair number of nonconservative ones, that is, things in
which the probability of an accident was understated.

There were so many things on both sides of the fence that our
group ended up saying that we do not believe that the probabilities
stated in WASH-1400 are as credible as they are alleged to be, that
is to say, that the error bounds are greater than was stated in the
report. But we also were not able to say, and did not say, that the
probabilities calculated in the report are either high or low, that is,
we did not say the group came out with either an understated or
an overstated estimate of the probability of a reactor accident.

However, we said that the estimates weren't as good as plus or
minus a factor of five, which is what was stated in the report,
weren’t that good, because we found many things with which we

" found fault.
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Thus, we essentially commended the methodology. We said it is a
good way to do things. It is better to analyze safety through analy-
sis where you can, but that perhaps it was too big a bite that was
taken at the time of the Rasmussen report.

We urged the NRC to move in the direction of using this kind of
analysis on systems which were sufficiently small so that the data
base was available, the statistical techniques were available, the
ability to describe the system under consideration was there, so
that you could do the job in a credible and effective way, that they
s%llould be doing that much more than they had been doing so in
the past.

One example, for example, of that sort of thing is that the
Rasmussen report—let me make one other comment. This is a
personal comment. When the NRC received our report, there fol-
lowed 4 months of Commission meetings about what to do with it.
It was too late to reverse time, so they couldn’t just throw it away,
and after 4 months the NRC essentially accepted all the recom-
mendations of our report and directed the staff to move in the
direction of using this kind of methodology much more than they
had in the past. This was of course accompanied by a press release
which was misunderstood.

Well, many things were misunderstood. It is in the nature of
man that things are misunderstood. But they also asked the staff
to report back to the commission whether in fact the Rasmussen
report had played a role in any of the licensing and regulatory
decisions that had been made in the few years it had been around,
and the staff reported back that, with the exception of a few rather
minor instances, no, it had not been used, and everyone was very
pleased by that, and I have always felt that that was the wrong
answer, that in fact in the years between the time the Rasmussen
report was given to the NRC and the time in which we found some
substantial problems in it, it was the best thing available, and
should have been used much more extensively than it was. That is
to say, risk assessment methodology is a solid discipline and should
be used as much as possible to guide the regulation and licensing of
reactors.

One specific, which I have pulled out of our report from last
September, and I must read this one paragraph to you from the
record, was that we noticed that in WASH-1400, whatever you
think of it, there was a listing of many of the credible accidents in
~a plant, and an ordering, that is to say, one could identify in
WASH-1400 with less credibility than had been thought before, but
still with some credibility, what the most likely accidents were, and
we found a problem with the fact that NRC had not been moving
in the direction of studying and emphasizing those things which
V\I7ASH—14OO showed to be most threatening to a nuclear power-
plant. o

We have a paragraph:

The achievements of WASH-1400 in identifying the relative importance of var-
ious accident classes have been inadequately reflected in NRC’s policies. For exam-
ple, WASH-1400 concluded that transients, small LOCA, and human errors are

important contributors to overall risk, yet their study is not adequately reflected in
the priorities of either research or regulatory groups.

Now those are the three things that were relevant to Three Mile
Island, so there is an obvious lesson which I needn’t belabor. In any
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case, we did recommend using the methodology, pushing it much

harder. We found specific fault with WASH-1400, and I think that

is really all I need to say. Our detailed conclusions are in our

report, and I am happy to answer any questions you may have.
[The prepared statement of H. W. Lewis follows:]
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TESTIMONY OF H. W. LEWIS
BEFORE THE SUBCOMMITTEE ON ENERGY RESEARCH
AND PRODUCTION OF THE COMMITTEE ON SCIENCE AND TECHNOLOGY
OF THE U. S. HOUSE OF REPRESENTATIVES
MAY 22, 1979

I appreciate the opportunity to sppear before you today to discuss a
number of issues of risk assessment, and of technology dévelopménts to en-
hapce the safety of nuclear operating systéms.. .As ‘you know, I was Chairman
of the American Physical Society Light-Water Réactor Saf.ety study group, and
also of the Nuclear Regulatory Commission's Risk Asséssm;ent Review Group,
and have only two weeks ago become a mémber of the. Advisory Committee on Re-
actor Safeguaids. The two former studiés résulted in una.nimoﬁs réports on
all the issues to be discussed here, so that I will do my ‘bést $o0 speak for
the Groups where it is appropriate. In addition, I would liké to express a
number of my personal views, and will try to distinguiéh th;a two roies as
carefully as I can. Clearly, I do not speak for thé Advisory Committee on
Reactor Safeguards.

You have asked, in your letter of May 11 that T outliné which elements
of the Rasmussen report our Review Group Jjudged invalid; and the dégree to
which the report is still useful as a basis for déqisions by NRC. I would
like to somewhat broaden the issue, since the chartér of thé Réviévi Group
was to study not only the Rasmussen repoft itsélf; but also the general sub-
Ject of risk assessment methodology, and many of our recomméndations dealt
with the distinetion between the two. I will try to make all that clear.

Probabilistic risk assessment, as epitomizéd by WASH-1%00, the Rasmussen
report, is an effort to meke guantitative thé risk of an accident (not just
in reactors) and the consequences thereof. To do so it is necessary, at

the very outset, to construct a detailed model of the operating system, which
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must be complete and accurate. Accident pro‘ba‘bilitiés may differ vastly ac-
cording to the precise alignment of valves and switches, and genéra.lizations
are rarely sufficient for credible accident a.nalysis; Having modeled ‘the
plant, there are then a number of techniques for tracing accident paths through
the system,.all of which are essentially equivalént to the particular fﬁm of
fault tree/event tree analysis used in YWASH-].AHOOA.A: Ii; one has sufficient data
to determine, for example, the probability that a given valve will be open
when it should be closed, one can then compute the probability of aﬁy partic—
ular accident sequence, leading to an est:’.maté that it will l'ea.d to failure
of the entire system. Then, similariy, on;e ‘ca.n compnté the cénséquences of
such an accident, and this is the method uséd in WASH-1L0O. A

The Review Group asked first vhethér this was a logilcally sound technique,
and answered in the affirmative. It is exhrémély difficﬁlt; and fraught with
complexities I will mention later, but we solidly supportéd both thé methodoolgy
and the objective of making the study of reactor :risk as quantitative and ra—
tional as possible. HNonetheless, we found faults in' the implémentatf.ion of
the methodology in WASE-1400, which sre discussed in some detail in our ‘report.
Among them are the fundamental . dlfflcultles involved in quantlmng common
cause failures — failures in which presumably. :r.ndependent systems are COmpro-
mised by an event which affects them all, (e.g. an earthquake), a quite in-
adequate data base for a number of the things which needed to be calculated
inadequate, and sometimes wrong, statistical technlques in a number of im-

portant places, the basic difficulty in quantifying human behanor, ete.
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Therefore, though supporting the methodology, we found a sufficient number
of problems with the implementation of the methodology in that particular
study to feel that the error bounds on the accident probsbilities given in
WASH-1400 were substantially understated. It is important to say that this
does not mean that we belie‘ve that the accident probabilities are either high
or low, but only that they are substantially less certain then was stated in
tpat report. . -

This is such an important point that it is worth spelling it out in some
detail. We found a number of items in WASH-1400 which tended to exaggerate
the probability of an accident (i.e., were conservat;,ive), and a number whicﬂ
tended to understate the probability of an accident (i.e., were non-conserva-
tive). Among the latter were the treatment of common cause failures, mentioned
above, the treatment of ATWS (anticipated transients without scram) and the
handling of human accident initiation. Among the conservative treatments were
the pervasive regulatory bias in thg group, drawn as it was from the regulatory
community, which caused them to always err on the side of conservatism when
in doubt, complete omission of constructive and adaptive human response dur-
ing’ the course of an accident, etc. It is because there were so many things
on both sides that we were unable to judge whether the probabilities in
WASH-1400 were high or low, but a;ble to agree unanimously that they were sub-
stantially less precise than had been stated in the report.

On the other hand, the effort to quantify risk through the detailed
analysis of the failure modes of a plant is far more likely to provide rational

guidance to safety enhancement than is guesswork. For that reason, we strongly
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supported the application of this kind of I’isk assessment methodology in

the regulation and enforcement areas, under conditions in which the data

base and statistical techniques are up to the job, that-is, on st;bsystems and
generic issues sufficiently limited to allow one to.do the job well. In-
deed, ﬁe said that these technigues should be among the priﬁcipal methods

used to resolve the generic safety issues which afflict the nuclear enter-
bprise.

I am emphasizing these distinctions because our Review Group strongly
supported the enhanced use of the methodolqu in the regulatory process,
while at the same time coming down rather hard on the specific .implemente.tion
in WASH-1400. It seems to me obvious that, where one hasv'an opportunity to
understand the relative importance of different accident modes in the plant,
and even, to some extent, the absolute probabilities, it is far better to
distribute one's resources accordingly than to rely upon engineering Judgment,
however competent. Though the letter is extremely important, and representé.
in some sense the disfillation of accumulated experience,-it canno§ prevail
in reliability over competent aﬁa.lysis. We therefore urged, as others have
Ybeen urging for years, that the NRC move expeditiously. into 2 mode in which
probabilistic risk assessment plays an important role in Qetemini_ng the
priorities of its regulatory and research efforts. I would like to quote
verbatim one of the findings from our report, whose relevance this month

should be obvious.
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"The achievements of WASH-1400 in identifying the relative

importance of various accident- classes have been inadequately

reflected in NRC's policies. For example_, WASH-1400 concluded

thet transients, small LOCA, and human errors are important

contljibutors to overall risk, yet their study is not adequately

reflected in the priorities of either research or regulatory

groups.”

This paragraph spesks for itself in the aftermath of Three Mile Island.
I believe that the effective use of risk assiessmentmethodology in character-
izing and dealing with the risks in reactors can go a long way toward méking
izhem safer, as well as.in helping to assess their safety for public policy
purposes. For this to. happen, the NRC résearch program must be more respon-
sive to the risks as determined by sober analysis, and less responsive to
the risks as conceived in other ways. Even the progress glready*made in
rationally characterizing and understanding risk has been very slow to pene-
trate the regulatory structure at NRC, and our report recommended that "NRC
should éncourage closer coordination among thé reséarch and pro‘ba.’bi_.listic
analysis staff and the 1icensiﬁg and regulatory staff, in order to promote

' Despite the statement of the Nuclear

the effective use of these techniques.'
Regulatory Commission last January that-it was accepting all our recommenda~:
tions, and its instructions to the staff to move in this direction, I have
yet to vsee much progress. This is not to demean in any way the technical

quality of the NRC operation,.but only to say that the conservatism which

48-721 0 - 79 -~ 9
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is entirely appropriate in- the regulatory body does not lend itself easily
to the absorption of new guidance.

Finally, I am both pleased and sorry that }'01‘1 havé not asked me Vto
tell you what lessons I believe Three Milé Island has taught us about all
these matters. I am pleased because you havé saved me some vorl-:,' and sorry
because I believe that there is so much that we can léarn from eiperience
in general, and from this experience in pa.rticula.r; P-erhaps soméone wil_'l.

rise to the bait and ask me a question.

Mr. McCorMack. Thank you, Dr. Lewis. I want to take this
opportunity to congratulate you and all the members of the panel
that worked on the review. I do not purport to be the wisest person
nor the most knowledgeable person on this subject, but I think that
your review was an excellent one, and I want to congratulate you
on it. I regret that it was misinterpreted by the press. I regret that
NRC’s press release regarding its action on it was so ineptly writ-
ten, I think that your work made a very considerable contribution.
I recall previous meetings, public hearings where you and Dr.
Rasmussen appeared together, he agreed with that statement, and
in the true character of a professional scientist, accepted the criti-
cisms, at least a substantial portion of the criticism that you made
of his report, and agreed with them. I want to congratulate you
also on the professional manner with which you evaluated the
report. ,

1 think that in the days to come, the Rasmussen report and your
analysis of it will both contribute significantly to the better under-
standing and better management of our nuclear safety programs.

Dr. LEwis. Thank you, Mr. Chairman. You will make me blush,
but it is true that Norm Rasmussen has accepted essentially all the
recommendations of our report also, and I give him a great deal of
credit for behaving like a gentleman and scholar through this
whole thing.

Mr. McCormack. Especially a scholar, and without detracting
from the gentleman, but especially a scholar.

Dr. LEwis. Yes.

Mr. McCormack. I would like to ask you a question now in that
context. You said the factor of plus or minus 5 which they used in
their error bounds was too narrow.

Dr. Lewis. Right.

Mr. McCorMmack. Do you feel there is a number that you could
put on the error bounds that would be realistic?

Dr. Lewis. No, I do not, and we were very careful not to do that.
We said substantially understated or greatly understated, and
people have tried to pin us down, and particularly Norm Rasmus-
sen I think is willing to go another factor of 2 or 3, and we have
had conversations that were almost like bartering sessions. If I
would go for a factor of 5 perhaps we could compromise on a factor
of 4 extra over the 5.

The reason we cannot do that is that, in other words, to provide
a credible error bound, we would have to do the report over again.
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We would have to do it responsibly and even better than the
Rasmussen group did. In a sense the reason they could not set an
error bound that stood the test of time was that they were biting
off a very, very difficult job. There are intangibles. There are
things we do not know.

We really did not know how to quantify human errors. My view
of the great conservatism in the report is that we do not know how
to quantify constructive human intervention after an accident
begins. These are very difficult, and in order to set a credible
bound, one would have to do all those things better than the
Rasmussen group did. We did not do that. :

Mr. McCorMack. Do you have any feeling for the general im-
pression that the casual nonscientific, nonanalytical observer
would receive from reading in the Rasmussen report that the po-
tential for an individual public citizen being killed from a nuclear
accident is extremely small, whether or not we try to quantify it
numerically?

Dr. Lewis. Is your question whether I agree that the probability
of being killed is small?

Mr. McCorMack. I do not want to put you in the position of
saying “agree,” but do you believe, based on your study, that the
potential threat of death from a nuclear accident to public citizens
is extremely small?

Dr. LEwis. Yes. I am speaking for myself now, just me. Yes, I do,
and in fact I have said many times that if I were to be asked
personally, not as chairman of the review group, whether I think
that the probability of an accident stated in the Rasmussen report
is high or low, the thing I carefully avoided saying before, I feel
that the probability of an accident stated in that is high, that is to
say, that the plants are actually safer than is stated in the Rasmus-
sen report. I said that before Three Mile Island and I continue to
say it.

The reason I say it is that as the people who listen to me know,
to their misery, I always make aviation analogies in these things.
And the Rasmussen report, in effect, if it were translated into the
aviation case, would be like studying the safety of airplanes while
leaving out the fact that there is a pilot there who does not want to
get killed either, and the fact that constructive human intervention
during the course of an accident was omitted is to me a very
important conservatism in the report.

It is very difficult to quantify, but reactor accidents lend them-
selves more easily to constructive intervention than do aircraft
accidents, because they happen more slowly. Most of them happen
more slowly, the ones that are most threatening happen more
slowly, so I do believe that it exaggerates the probability of an
accident.

Mr. McCorMACK. One final question. Do you feel that the Three
Mile Island accident and the subsequent sequence of events, fit
reasonably well into the Rasmussen evaluation of the fault-tree
risk analysis?

Dr. Lewis. Yes; they fit into it to some extent—that is, everyone
has noticed, that the probability of leaving the two block valves on
the emergency feed water system inadvertently closed was con-
tained in the report. It was calculated, I believe, in an inexcusably



128

poor way, but it was still in the report, so that up to the point at
which the hydrogen bubble formed in the pressure vessel, it was
not an unusual sequence of events.

By then one was in the position to do a diagnosis and work
through what finally happened. I believe it was done reasonably
well in the report.

Mr. McCorMack. Thank you.

Mr. Levine, I have one question which I hope will not be miscon-
strued. One looks at the Three Mile Island accident in its entirety,
the fact that it was a serious accident, that it was extremely
unfortunate, and yet one looks at all that we have learned from it.

We have learned, for instance, that under the nearly noncredible
conditions that existed with respect to the exposure of the fuel, the
uncovering of the fuel, we had no cesium release to the coolant
water. In short, what we had was a massive LOCA experiment,
unintentional experiment. Do you feel that this qualifies as a test
for a fuel core that has been lacking because we obviously did not
want to do it? Does it respond to the criticism of the LOFT test
that they are not big enough? Can we draw experience from this
accident and draw knowledge from this accident that will give us a
better understanding and essentially say, well, this is for all practi-
cal purposes an unintentional LOCA experiment?

Mr. Levine. I think the answer is partly yes and partly no, and
certainly not yet. First of all we are going to have to get the core
out of there to understand more precisely than we can now esti-
mate, what happened to it, how extensively it was damaged, and
then try to better predict what the temperature-time history of
that fuel was. :

Second, I think the idea of trying to analyze an accident in which
the auxiliary feed water was turned off and then later turned on,
and the emergency core cooling system was turned off and on at
random, and the relief valve block valve was opened and closed,
giving it sort of an intermittent LOCA, is a kind of sequence that is
very difficult to analyze.

For myself, at this point I can say that I think, considering what
happened at that plant, I am surprised that there was not more
damage than we have seen, and I think in that sense, one can say
we will have learned a great deal about the ability of these cores to
withstand severe conditions.

On the other hand, we are learning a great deal from our LOFT
program. We have now conducted two nuclear tests, one from two-
“thirds of the power density of a commercial reactor, and just a few
weeks ago, one from the full power density of a commercial reac-
tor. We find the peak clad temperatures quite low, and we find our
ability to predict what happens to be quite good. Some more refine-
ments are needed, but I think we are making great strides in this
area.

Furthermore, I think we are going to have to modify our LOFT
experiments to more urgently look, at small LOCA, as I mentioned
in my testimony, as well as transients, too.

Mr. McCorMack. One final question. You may not have an
answer at all to this. I have been continually disturbed by the
calculations on the amount of zirconium that was presumably con-
sumed. It seems to me utterly inconsistent to talk about as much
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as one-third of the zirconium consumed, based on the amount of
hydrogen that was presumed to be present, and to assume that this
came from the top half of the fuel, to assume that there would be a
hot spot, shall we say halfway between the surface of the water
and the top of the fuel, where more of the zirconium would be
reacting. All this happens, and we have one-sixth of the total
zirconium consumed, and yet no cesium is released to the cooling
water. That strikes me as being very strange, and I wonder if you
care to comment on it.

Mr. LEVINE. I can only comment on the basis of generalizations
at the moment. We think that there was almost no fuel melting in
the core, and that you really will not get very much cesium re-
leased unless you melt the fuel.

On the other hand, the core did reach high enough temperatures
to bake out iodine and the noble gases, and there may have been
an eutectic formed between the oxide and the cladding, which
would in fact have released more than you would get just through
the temperature alone.

Mr. McCorMACK. More what?

Mr. LEvINE. More of the iodine.

Mr. McCormAcKk. And gases?

Mr. LEvINE. Yes.

Mr. McCorMACK. Are you suggesting—well, I guess my question
is when I see no cesium at all, no significant measurable cesium in
the cooling water, I am assuming that there was no contact be-
tween the cooling water and the fuel itself.

Mr. LeviNe. That may be, but there surely was a large metal
water reaction in some parts of that core.

Mr. McCorMACK. Yes.

Mr. LEVINE. And it is easy to speculate that there was cladding
damage to the point where some fuel should have been exposed.

Mr. McCorMACK. Should have been, but that is the inconsistency
that shows up, and I am raising that point now.

Mr. LEviNg. I think in my mind that is still an open area. We
have some differences of view among our experts who have been
. studying this very carefully, and by the way, the metal water
reaction amount was not based just on the hydrogen present. It
was based on attempts to reconstruct the time-temperature history
of the core.

Mr. McCormack. I see. Thank you.

Mr. Goldwater.

Mr. GoLpwATER. Dr. Lewis, discussing the WASH-1400 report
with Mr. McCormack, you implied that an update should be made
on that report. Is that an accurate interpretation?

Dr. Lewis. No; I do not think so. On the specific question of
whether WASH-1400 should be updated or redone, I do not think it
would be a good idea. There are several reasons. Of course we could
do a little bit better with the hindsight we have had, but I am not
so sure that we could do enough better to justify doing it. The sense
of our review group report was that one should break out the
methodology and use it on subsystems for which you can do the job
well, rather than on the whole system, for which it may not be
possible to do the job well.



130

Mr. GoLDWATER. You implied that there was not enough risk
assessment based on transients, small LOCA and human error,
incorporated in this study.

Dr. Lewis. Oh, no, no, quite the opposite. It was in fact in
WASH-1400. One of the consequences of WASH-1400 was that
transients, small LOCA, and human error do play an important
role in the generation of nuclear accidents. The place where it is
inadequately represented is in the NRC programs which ought to
have been more responsive to WASH-1400 in my view, well, in our
group’s view, than in fact they were. NRC is a slow-moving organi-
zation. Perhaps it is proper for a regulatory organization to be
slow-moving, but it would be nice to have some of the wisdom
which was produced by WASH-1400 including the importance of
small LOCA transients, and human error find its way into the
NRC research and regulatory structure. It is in WASH-1400.

Mr. GOLDWATER. So you feel that the two reports, your review
and the WASH-1400, have sufficient standing separately and they
don’t need to be incorporated?

Mr. Lewis. Our report was a fairly strong critique of WASH-
1400. I have emphasized the positive things we said today, but in
fact, we were fairly hard on the report in terms of statistics, data
base, scrutability, and such matters. So that we found a great deal
wrong with it.

When I say that I don’t believe it would be worthwhile to do it
again, It is just I am thinking of the millions of dollars, man-years,
expertise, and effort involved. I think if that same amount of effort
and resources were to go into applying the methodology where you
can do it well—that is, on subsystems—that would be a better
expenditure of our time.

Mr. GoLpwATER. What do you believe are the basic lessons that
we should or will be learning from the Three Mile Island accident?

Mr. Lewis. Well, I have views on that. Basically, I think I can do
this very quickly. I think many people have noticed that there are
a wide variety of accidents and that in this particular event there
was a surprise—the formation of the gas bubble in the pressure
vessel was a surprise.

The thing that concerns me about the lessons people are drawing
from Three Mile Island is that they tend to be rather specific to
the particular sequence that occurred at Three Mile Island; that is
to say, the familiar analogy, a horse has escaped from this barn
and we are double bolting that particular door.

We tend to be fairly narrow in responding to the specific thing
that has happened. I think any future accidents—and there will be
accidents—will also contain surprises. The main lesson I learn,
_again drawn in part from the aviation analogy, from both Three
Mile Island and from Browns Ferry, which was the worst thing up
to now, is that in the end it takes constructive human intervention
to modify the course of an accident. That happened in both cases,
and it will happen again.

So I would like the main lesson to be that you provide to the
operators the kind of information, training, awareness, and what
have you, pay, perhaps, prestige, stewardesses, I don’t know, that
makes it possible for them to function like airplane pilots, during
the course of an accident. ‘
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There is plenty of time. I think flexible response is the key to
keeping an accident from going far enough down the track to
i:hreaten the public health and safety. For me, that is the central
esson.

Mr. GOLDWATER. You are talking about the quality of the person.

Mr. Lewis. No, the person and the stuff he has available; that is
to say, many people have commented on the fact that some of the
instrumentation was deficient, the parameter range wasn’t large
enough to encompass accident conditions, there are no valve indica-
tors on specific things.

Many of my physicist friends have reacted to the accident by
saying that there should be an interlock on the two block valves
that were inadvertently left closed so they could not both be left
closed, there should be indicators on all the valves in the plant.

I don’t think that makes any sense, but there should be an
analysis of the critical systems in such a way that one provides to
the operator the necessary indications to know what to do in the
event of an accident.

For example, I don’t like to second-guess what the operators at
Three Mile Island did because I am aware that it is very, very easy
to do things well in retrospect and not so easy to do them in real
time.

But there were some deficiencies in correlating readings and
correlating indications which would have told them more about
what was happening in the plant than they seemed to have ab-
sorbed very quickly.

I would like to enhance the capability one way or another by
providing the instrumentation and training to make it possible to
do that. But I do believe that in the end, people are fairly intelli-
gent creatures and you have time in a reactor accident, and if you
make the information available you have a great weapon we
should use. It is hard to-analyze.

Mr. GoLDwATER. Maybe a parallel toward an automatic pilot on
an aircraft is a good analogy. An automatic pilot will fly that
airline, and does most of the time. But there is adequate instru-
mentation to provide the pilot and the engineer with knowledge of
what is happening to the aircraft.

Mr. Lewis. That is correct. A good pilot——

Mr. GoLpwATER. However, when there is a problem with an
aircraft, say for instance the plane starts to wiggle its wings or
sometl;ing, the pilot tends to kick the thing off and assume manual
control.

That appears to be what happened at Three Mile Island. I have
heard people say if they just let the emergency core cooling system
alone, that it would have shut down, taken care of itself. But in
fact, a human being intervened, much like the pilot on an aircraft
overriding or cutting out an automatic pilot.

Now, I am not so sure that is what you are saying, is it?

Mr. Lewis. I am saying that; that is to say, the other thing that
the pilot of an airplane learns is to believe his instruments because
it is normal human response when an instrument indicates a mal-
function to not believe that it is happening to you.

He learns to believe his instruments. He also learns to correlate
his instruments; that is to say, he doesn’t fix his attention on a
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single instrument. You are right. A good pilot turns off the autopi-
lot when he is in trouble. But he correlates all his instruments, he
reads them, and heinfers what is happening and does his best to
get out of it. It seems to me that that works pretty well.

There is a fairly deep-seated analogy between aviation and nucle-
ar power in my view from which a lot of lessons can be learned—
because aviation is an inherently risky thing which has become
acceptably safe.

Mr. McCorMmack. Mr. Walker?

Mr. WALKER. Thank you, Mr. Chairman.

Dr. Lewis, you had mentioned in reaction to some questions of
the chairman that it was your personal opinion that the chance of
death in the general population resulting from a nuclear accident
was extremely small.

Can I ask you also what your personal opinion would be of the
chances of off-site property damage resulting from a nuclear acci-
dent? Would that be significantly higher? Is it also relatively small
in terms of some sort of calculated risk?

Mr. LEwis. You know, to say that something is small or large is
not to say anything meaningful, because smallness and largeness
are in the eye of the beholder.

What I said in response to the chairman’s question I hope is that
it is my personal view that the probability of an accident, of a
genuine major reactor accident, is lower than is contained in the
Rasmussen report. That would carry with it the consequences that
the probability of property damage is also lower.

But I base that almost entirely on the experience we have had
with the two major accidents, plus a fair amount of carryover from
aviation, that one will intervene in an accident and keep it from
getting too bad.

Mr. WaLKER. That goes to the point I was going to raise. From
your standpoint, then, the Rasmussen study exaggerates the prob-
ability of an accident?

Mr. LEwis. That is my personal view.

Mr. WaLkeR. OK. Now, given that background, we had a group
of Nobel Prize winners before the committee here a week or so
ago—not before this subcommittee, but before the full committee—
they were essentially nuclear advocates.

One of the things that they mentioned, that might be a good
idea, from the standpoint of the nuclear industry would be to
repeal the Price-Anderson Act. I bring this up to you because it
seems to me the kind of research that the Rasmussen study repre-
sents, to some extent your study represents, is also something
which applies not only to the nuclear industry, but also to public
policy decisionmaking.

In large part Price-Anderson and some of these things are built
upon that kind of research. So my question to you would be, if we
are exaggerating in those studies the foundation on which some of
these decisions have been built, would it be reasonable to consider
the repeal of Price-Anderson and have the industry assume liabili-
ty for any accidents that would involve the public? ‘

Mr. LEwis. I do not claim to be an insurance expert.
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Mr. WALKER. I am asking you from the research standpoint.
Research is the foundation on which the insurance people are
basing their calculations. o :

Mr. Lewis. Of course, I know all your Nobel Prize winners were
here. I also remember that Edward Teller at one stage in the
proposition 15 debates in California used to complain that if he
were immortal he could not get life insurance because there would
be no data base for determining the premium, and that was his
way of putting it. I am not an expert on that.

I would like to see the research directed at the places where
there are problems. I would like to see somebody go through all the
accident sequences in WASH-1400 and for each one—there are
really a finite number—say if this were to happen, do we have the
training and instrumentation to know how to keep it from going
all the way down to a core melt. :

Perhaps if one did that, one might be able to put something
quantitative on my admittedly visceral feeling that one has exag-
gerated the probability of an accident.

Mr. McCorMmack. Will the gentleman yield for one point.

I would like to make one point; that is, as a matter of history,
the Price-Anderson Act was enacted long before the Rasmussen
report was made.

It was enacted in the 1950’s to protect small contractors, not the
big vendors, but the small contractors, so that they would not get
caught in second party lawsuits, or third party lawsuits. ~

What it did was require that the utility buy the maximum insur-
ance available in a pool. The later modification of the law, of
course, specifies that the industry provide contributions up to a
total of $560 million.

When the Rasmussen report was being done, those persons who
were trying to repeal the Price-Anderson law said just wait until
Rasmussen comes out, then we will use that to repeal Price-Ander-
son.

When it came out, reporting as it did, that the possibility of
death from a nuclear power accident was very low, then they
turned against the Rasmussen report.

I just want to get that little point in so we keep in perspective
the fact that in reality the Price-Anderson Act precedes by at least
a decade any of these studies, and it was there for a totally differ-
ent reason than the results brought out.

Mr. WALKER. I thank the gentleman for that clarification. What
I was simply trying to get at was the fact that the public policy
decisions that we are going to be asked to make in upcoming
months are very much based upon the kind of research that Dr.
Lewis has provided here and that has been provided earlier by the
Rasmussen studies. ,

I think it is extremely important that some of the people who
have had some experience with the research, and have knowledge
of it, give us their perspectives. This would let us make those
public policy decisions, maybe, exclusive of what is going on within
the technological elements of the nuclear industry.

I thank the gentleman. ‘

Mr. McCormaAck. I think the gentleman’s point is very well
taken and I congratulate him for it.
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Mr. WaLkeR. That is all I have, Mr. Chairman. :

Mr(} McCorMAcK. Mr. Goldwater, do you have anymore ques-
tions? ‘ ‘

Mr. GoLDWATER. [ ‘have one more. ,

I didn’t quite follow, Dr. Lewis, your analogy about the probabil-
ity of risk or the risk of nuclear accident versus the risk of an
aircraft accident. You were making a point to the chairman.

Is there a higher degree of risk of a major aircraft accident than
there is, say, for a nuclear powerplant accident? Is that what you
were saying?

Mr. Lewrs. I don’t remember which specific comment you are
referring to. The analogy, as I see it, is that in both cases you have
a complex system which is very hard to analyze from the begin-
ning; that is, it is extremely difficult to analyze all possible aircraft
accidents from the beginning, too.

So that what we have in the case of aircraft that has made the
industry acceptably safe, although there is still some residual risk,
is a system by which we have a pilot up front who is well trained
in upset conditions, with redundant instrumentation devoted to
those conditions and with enough training on good aircraft and
simulators so that he can cope constructively with the course of an
accident.

We also have a bureaucratic procedure in the best sense of the
word, not the worst, by which those few things that do continue to
happen are then analyzed to death and the learning from them put
back into the system. .

Over the years, that has made aviation acceptably safe. I have in
other forums been recommending for years that something like an
NTSB structure be applied to the nuclear industry.

I might just comment that when this suggestion went over to
NRC about 6 months ago, one of their answers was, these people
wouldn’t have anything to do because there aren’t any accidents.
Perhaps it wouldn’t be the same now.

Mr. McCormack. Thank you.

First of all, I want to thank these witnesses, and again thank the
witnesses from the earlier panel. The contributions that you have
made today, and the specific points that you have made, Mr.
Levine, about the need for future research, will be the basis for
future legislative action by this committee. We appreciate it.

We appreciate what you have contributed and we appreciate
again your contribution, and your perspective, Dr. Lewis.

I want to also thank the members of the French Parliament who
sat in today. We offered them a chance to ask questions, but since
none of the members themselves actually speak English, we decid-
ed to forego the pleasure, especially since it is getting late.

We want to thank them. We know that they will have questions
later on. In that regard, I am sure the witnesses will be glad to
answer questions in writing, either from us or from the French
Embassy. .

Tomorrow, starting at 9:30, this committee will meet again, and
we will concentrate specifically on what happened at the Three
Mile Island accident. '

We are going to see, first of all, a demonstration of a nuclear
powerplant, which will be here. It has been manufactured by the
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University of Florida, and it has a high intensity heater system
with cooling systems built in. It is all made of Lucite, so we can
actually see standard operating conditions, the way it would be
with a partial meltdown, with the emergency core cooling systems
functioning and so on. We will actually be able to see it in oper-
ation.

We will also hear witnesses from Babcock & Wilcox, the vendors
for the Three Mile Island plant, from Mr. Herman Dieckamp,
president of General Public Utilities Corp., Mr. Harold Denton,
Director of the Office of Nuclear Regulation of NRC, Mr. John
Conway, president of the American Nuclear Energy Council, and
Hon. William W. Scranton, the Lieutenant Governor of the Com-
monwealth of Pennsylvania.

We will convene tomorrow at 9:30. We thank you all for your
attendance today. We stand adjourned.

[Whereupon, at 12:15 p.m. the subcommittee adjourned, to recon-
vene at 9:30 a.m., Wednesday, May 23, 1979.]
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QUESTIONS AND ANSWERS FOR THE RECORD
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June 22, 1979

Hon. Mike McCormack

Chairman, Subcommittee on

Energy Research and Production

U. S. House of Representatives

Suite 2321 Rayburn House Office Bldg.
Washington, D. C. 20515

Dear Congressman McCormack:

It is a pleasure to submit further information to the
Subcommittee on Energy Research and Production in the form
of answers to the questions you asked in your recent letter.
The dnswers are appended. I hope you will find them useful.

Sincerely yours,

K. DL A

J. R. Dietrich
Chief Scientist
Nuclear Power Systems

JRD:ja

Enc.
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SUBCOMMITTEE ON ENERGY RESEARCH AND PRODUC TION

Answers to questions from the May 22, 1979 Hearings on
Nuclear Power Plant Safety, by Joseph R. Dietrich

In answering questions 1 through 5, I must make it clear that in my testimony
on May 22 I was speaking of design reviews and studies, some of which are under
way and some of which were merely recommended. The substantive answers to
questions 1 through 5 must come from such reviews and studies. My recommenda-
tions are, therefore, as to what should be studied. Here I can only give examples
of changes that have a potential for enhancing safety. Moreover, as I pointed out in
my testimony, any proposed design change of substantial magnitude must be given a
very thorough engineering review on a systems basis before it is made, to assure
that it does not, while improving safety under one set of circumstances, degrade
safety under other circumstances.

Question 1

Discuss the design changes or modifications and the procedural changes
that you would recommend to minimize the frequency of occurrence and
the speed of development of the operational perturbations mentioned in
your testimony.

Answer

This class of improvement would be accomplished primarily by design changes.
Some possibilities to be considered might be additional pressurizer volume to sim-
plify the maintenance of primary system water inventory; anticipatory reactor trips
(e.g. trip upon loss of normal feedwater flow as well as on low steam generator
water level); generous water inventory in the steam generators to increase the time
available to restore feedwater flow in the event it is lost; and, possibly, multiple
relief valves of smaller size, with graduated pressure settings, to minimize the flow
out of the primary system if the transient causing a relief valve to open is a minor
one. In the latter case the relief valves would of course have block valves in series
to be used in the event that a relief valve failed to close at the proper time.

I am sure that there are many more possibilities, but they must be sought out
by examining each transient that might occur and looking for design changes that
would decrease its probability or its severity. Most design changes that would fall
into this class would be impractical to implement on existing plants: consequently
an investigation of these possibilities would have its major application to new, rather
than existing, plants.
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Question 2

What design changes or procedure changes would you recommend to
improve the defense against lesser accidents that you referred to in
your testimony?

Answer

This again is a question that can be answered only by extensive study and
analysis. For the immediate future my only suggestion is that we give more atten-
tion to the lesser accidents in our safety analyses of nuclear plants, and more
attention to the possible interactions between the operator and the plant. The initi-
ating events at Three Mile Island would have been classified as constituting a "'small"
accident in safety studies in the past, yet they were escalated into a major accident.
Greater attention to the possible consequences of ''small" initiating events should
lead to improvements in design and operator education which will greatly reduce the
probability of such escalation in the future.

Questions 3, 4, and 5

3) Provide details of the improvements in communications and the man-machine
interface that you suggested in your testimony.

4) Provide details of the means of simplifying the interpretation of instrument
readings, together with your recommendations for displaying abnormal
readings.

5) Discuss and provide recommendations for means of using computers or
microprocessors to enhance the power plant operator's ability to recognize
abnormalities.

Answer

Questions 3, 4, and 5 apply to closely related subjects, and can best be dis-
cussed together. I could respond at great length to these questions because they
cover a specific field in which Combustion Engineering has been carrying out de-
velopment for several years. I cannot do that, however, without producing a dis-
cussion which sounds like an advertisement for the Combustion Engineering advanced
control system, and I believe that to be inappropriate in a document which may appear
in the public record of your committee's deliberations. I will therefore answer
briefly, and attach, for your further information, a document describing the Com-
bustion Engineering development, which was prepared by Mr. John E. Myers,
Director of Systems Engineering, Nuclear Power Systems.

The operators' performance can be improved by two design techniques:
— Human engineering of the operator's interface with the power

plant to optimize his comprehension of the status of the plant
processes. :
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—  Optimization of some of the routine tasks to give the operator
more time for concentration on the more important aspects of
his job.

Human engineering encompasses the reduction in complexity of the informa-
tion presented to the operator and optimization of the method of data presentation.
Complexity can be reduced by combining several instrument outputs to yield the
information which is of direct concern to the operator. For example, reactor
power level and power distribution measurements can be combined to present to
the operator the maximum linear power density in the reactor fuel, one of the
quantities upon which operating limits are imposed. Or reactor power, power
distribution, coolant flow, coolant temperature, and reactor pressure data can be
combined to determine the margin available to the limit on departure from nucleate
boiling. A major step toward optimization of data presentation can be made by the
effective use of cathode ray tubes. These displays can take the form of printed
statements, numerical data, graphs, or simplified system diagrams. In arriving
at the optimum display one must take into account such things as the use of colors,
the symbolic format, the physical orientation of the display, the information density,
and the techniques for updating the information and displaying trends.

A number of routine tasks of the operator can be automated, but perhaps the
most important area of automation is in the surveillance of the operability of the
plant safety systems. A system can be designed, for example, to monitor the
alignment of pumps and valves to assure that a given safety system is always ready
to perform its function if needed. Misalignment can be enunciated for the operator
and the misaligned components identified. Computer based systems can also be
designed to assist the operator in the alignment of pumps and valves for periodic
actuation testing, and to assist in the realignment into the ''ready" condition after
the test has been completed.

Question 6

Discuss the need for a '"Swat Team'' composed of people from industry,
the utilities, NRC, etc.

Answer

I believe that a team of general nuclear experts, available to respond quickly
in an emergency, would be very helpful. It should be composed of people chosen
for the depth and breadth of their knowledge in the pertinent areas of nuclear plant
design and operation, and should serve in an advisory capacity. I do not think it is
advisable to have an outside team, whatever its composition, ''take over' the oper-
ation of a plant that is in trouble.

The formation of teams, however, is only part of the necessary preparation
for emergencies. Attention must be given to defining the roles of the teams, and
to providing those things necessary for the team to do its job: working space;
effective means of communication, both with the plant thatis in trouble and with
the home offices of the members of the team; adequate drawings and other design
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data on the plant in question; reference books, related library facilities; etc.
These and other aspects of emergency response are receiving concentrated
attention from the Emergency Response Subcommittee of the Atomic Industrial
Forum Policy Committee on Follow-Up to Three Mile Island.

Question 7

What are the advantages and disadvantages of standardizing the design
of nuclear power plants? What would be the attitude of equipment
manufacturers and plant constructors to standardization?

Answer

I believe there are great advantages, with respect to safety, reliability and
economy, to standardizing the design of a nuclear system produced by a given
manufacturer or constructor. Complete standardization of this kind proves diffi-
cult in practice, however, because of changing licensing requirements and because
of the problem of interfacing the NSSS design with the balance of plant design,
which varies from one constructor to another. Nevertheless, I believe the degree
of standardization that has been achieved has proved its value.

Standardization in the sense of a common design for all manufacturers and
constructors is quite a different matter. With regard to acceptance of the idea by
system suppliers and constructors, I can only guess. If the concept had been pro-
posed in the very early stages of nuclear power development it might very well
have been accepted, but I can see great complications in implementing it today.
Each NSSS vendor has spent many millions of dollars developing his designs, and
each, no doubt, considers his the best. I believe there would be great reluctance
to eliminate competition from the design process. Moreover, in a standard design,
some design features would no doubt be selected from one supplier and some from
another. How would one ever settle the question of who pays royalties to whom,
and how much?

My own opinion is that a standard design of this kind would not be a good idea,
for the following reasons.

—_ Presumably decisions as to the standard design characteristics
would be made by some government agency. The government
would, in effect, be designing the plant. I do not believe this is
the way to arrive at either an economic plant or the safest plant.

_ The addition of and improvements within safety systems has been
and will continue to be an evolutionary process as designs change
and knowledge grows. I am afraid this process would stagnate under
the standard design concept.

—_ If all suppliers and constructors worked to a common standard design
there would be no incentive to maintain the large, highly skilied design
teams that exist today. We would lose our most valuable resource for
safe des gn and for recovery from accident conditions.
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— The design depends not only on how the components are put together,
but on the components themselves: we would have to have standardized
component designs as well as standardized system designs. I would
expect that the number of sub-suppliers of items like pumps, valves,
and motors would decrease if all had to manufacture to a common design.
The nuclear business is not large enough for such sub-suppliers to
justify re-tooling to a new design. Thus competition would decrease
and along with it the pressure to supply reliable equipment.

Question 8

Should there be a standard design for control rooms and for the layout
of control panels?

Answer

As is often the case, standardizationof control room design and layout would
likely be a mixed blessing. However, a certain level of standardization could
probably be adopted which would yield most of the desirable effects, while mini-
mizing the undesirable ones.

It seems reasonable that if the monitoring, control, and protective needs of
power plants are similar, then the general layout of instrumentation and controls
within the control room should also be similar. The arguments for this conclusion
include:

— If there is a truly optimum design approach it should be used
generally.

— Given standardizationof general control room layout, more of
the various design efforts being pursued would couple synergisti-
cally rather than being incompatible.

— Operations and other essential workers could more quickly per-
ceive the nature of operations within a control room with which
they were unfamiliar.

—_ Operator training would be simplified.

However, the case for standardization deteriorates quickly when specific
design features of the panels and consoles are considered. We are faced simul-
taneously with rapid development of electronics-oriented technology, and an
information processing task within the power plant which makes use of this tech-
nology seem virtually mandatory. One of the clearest lessons from TMI, the need
to inform the operator better, is best pursued by the use of advanced electronics
technology. Standardization of detailed design features would be extremely diffi-
cult to achieve at any point in time, and even if achieved, could be expected to
inhibit design improvements.

48-721 0 - 79 ~ 10
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In summary some level of standardization of control rooms for similar
power plants appears to be a desirable objective. The first step, however,
should concern itself with the issue of drawing the line between general layout
issues (where gains can be achieved), and specific design issues (where
standardization could prevent or delay needed improvements).

Question 9
How should the design of the control room be improved?
Answer

Given the development of generalized control room layout standards as
discussed above, the potential for remaining improvement lies principally in
two areas:

—_ Presentation of measured data to the operator, and
— Correlation and analysis of measured data for the operator.

A common objective underlies both areas; i.e., facilitation of an accurate
perception of plant status by the operator.

Considerable effort over a number of years has been directed toward im-
provement in these areas. The promising approaches are those cited in the
answers to questions 3, 4, and 5.

Question 10

Do you believe that additional water in the steam loop of a PWR would
enhance reactor safety, andif so, how much additional volume?

Answer

Additional water inventory in the secondary loop of the steam generator in-
creases the time available to restore feedwater flow once it has been lost. Clearly
one will reach a point of diminishing return with respect to safety once the water
inventory has been made large enough to forestall the need to restore feedwater
flow for several minutes. I believe many of the plants now operating with recircu-
lating steam generators have water inventories large enough that further increases
would not provide a worthwhile increase in safety. However, I have not yet seen
a formal analysis of this question. Once such an analysis is made judgements can
be made with respect to individual plant designs.

Question 11

Do you believe two steam generators are adequate for a 1000 MWe plant?
If not, how many generators would be appropriate to enhance safety?

Answer

I believe that two steam generators, if properly designed and constructed,
are adequate for plants of capacity up to the maximum licensable under current
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NRC rules (3800 MWt, corresponding to about 1300 MWe). From the point of

view of redundancy of shutdown heat removal capability two steam generators

are as acceptable on a 1300 MWe plant as on a 600 MWe plant. In absolute terms

I believe that this redundancy is adequate, since operation is not permitted if

there is substantial degradation of steam generator integrity. The only postulated
transient [ know of whose amplitude is larger in the case of two steam generators
than in the case of a greater number is the steam line break accident. The effect
to be countered is an increase in reactivity due to the cooling of the primary system
water: this is accomplished by dropping the control rods. The somewhat greater
reactivity swing which characterizes the two-steam-generator case is not impor-
tant if adequate control.rod reactivity worth is provided, as it is. Again, the power
capacity of the plant is not an important factor—a large plant with two steam gen-
erators behaves much the same as a smallone under steam-line break conditions.

Question 12

Although it has nothing to do with TMI, what is your professional opinion
regarding the potential for a reactor to run ''out of control" if the fluctu-
ation in nuclear fission activity should begin to oscillate in sympathy with
mechanical vibrations or temperature deformations in reactor components?

Answer

I believe there is essentially no potential for a reactor to run 'out of control"
through sympathetic oscillation. The only coupling between reactivity and mechan-
ical vibrations or deformations of components outside the core would be by way of
the moderator temperature coefficient of reactivity. That coefficient is not large
enough to produce large reactivity swings under any circumstances of mechanical
vibration or deformation that I can imagine. Moreover, the negative Doppler co-
efficient of reactivity provides a very strong damping factor against reactivity os-
cillations. Finally, the period of any sympathetic reactivity oscillation would be
several seconds long because of the thermal time constant of the reactor fuel and
because of the transit time of water around the primary circuit. Consequently the
control rods would have ample time to shut the reactor down following a reactor
trip on high power level, even if a large amplitude oscillation could occur, and I
believe a large amplitude oscillation is impossible except as a result of xenon
fluctuations which are extremely slow, with periods of several hours,

Question 13

What is your opinion of a reactor control system that could be interrupted
with a simulated accident problem without the operators knowledge? (During
this period, the reactor would be operated by a2 computer and if during that
time a real problem arose, the simulated problem would be automatically
dismissed.)

Answer

The use of such a reactor control system would lead to undesirable conse-
quences. The only benefit would seem to be that new data would be collected on
the performance of individual operators under stressful conditions, There are
two strongly negative factors: first, operator response to an actual accident might
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be degraded; and second, some degradation in reactor control system reliability
would be expected due to the substantial increase in system complexity and equip-
ment sophistication,

Moreover, operational experience during transient conditions has shown
operators to be relatively calm under stress. Errors seem to most often result
from either the inability to properly interpret the data presented, or from anim-
perfect understanding of the consequences of specific actions. We would expect
the error probability to be particularly high during the course of a “real accident, "
if it were to interrupt a "simulated accident'! of a different nature—the sequence
of simulated and real behavior would be highly confusing to the operator.

Question 14

Regarding the man/machine relationship, what are the pros and cons in
operating a reactor from a small control console where status and trend
data can be read on a terminal on command.

Answer

Operation of the reactor from a relatively small console is both achievable
and desirable. Console size would necessarily be larger than a single terminal
to avoid completely unacceptable information density. For example, the master
control consoles in some recent C-E plants are U-shaped and sized to mount ten
cathode ray tubes. This results in approximately a 14-foot span between
wings. Controls for plant operation {rom hot standby to full power operation are
located on this console. During accident situations, total plant status information
is available from the console, but auxiliary panels within the control room may
house the necessary controls for actuation of appropriate plant equipment.
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INFORMATION PERTINENT TO QUESTIQNS 3, 4, AND 5

Operation of a commercial nuclear power generating station requires the
surveillance of several thousand pieces of instrumented data. The station
operators are responsible for providing this surveillance and for making
control decisions based upon this data in a safe, economic manner.

Technological tools are available within the "state of the art" to reduce
the complexity of the operators surveillance tasks and to enhance the
operator's comprehension of the data. Technology is not available to
replace the operator in the overall plant control/decision making role.
The human brain, with its unique abilities to learn and to extrapolate,
is required to effectively monitor and control the complex, interrelated
processes of a nuclear power plant.

There are two key areas where current technology can improve the operators
_ performance: . .

Human engineering of the operator’'s interface to the power plant
to optimize the operator's comprehension of the status of the
plant processes. .

Automation of certain elements of the routine daily tasks to free
up the operators time to concentrate on the more important aspects
of his job. :

HUMAN ENGINEERING

C-E has performed research on the human-engineering aspects of the oper-
ator- process interface. In its studies C-F concentrated on two basic

areas: the reduction in the complexity of the information presented to the
operator, and in optimization of the method of data presentation to the
‘operator.

Reduction in Information Complexity

The goal of reducing information complexity is one of reliably "condensing”
several instrumented data points into a single index that provides all of
the pertinent information on the actual plant parameter of interest. This
goal is achieved in a two-step process. The first step is to systematically
analyze the various processes of the plant to determine candidates for
condensation. The second step is to implement a scheme to reliably automate
the "condensation" process.
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An example of this condensation process is the Core Operating Limit
Supervisory System (COLSS) that is implemented on recent C-E plants.
€OLSS is an integrated reactor core supervision system that is
implemented in a digital computer. COLSS monitors several hundred
measured process parameters and condenses these measurements into
three easily understood performance indices that are displayed and
alarmed to the operator on-line, in real time.

Another example is the hierarchical display and alarm system that is
the major operator interface in C-E's most recent control room
designs. In this hierarchical arrangement, all plant systems are
categorized in a hierarchy that parallels the operators's hierarchy
of tasks., This system is impiemented with multi-color cathode ray
tudes (CRTs) and digital computers.

The three tier hierarchy has at its top level a monitor display.
This monitor display provides a condensation of the status of all
subsystems and components in a major plant process. Alarms and
anomalies on a lower tier trigger alarm behavior on the monitor
level that highlights the affected system, and cues the operator
automatically to the next lower tier display that provides greater
detail on the alarm situation.

On the next tier below the monitor display are the control displays.
Each of these displays contain the information required to effect
control of a major plant process or component. Data related to the
control evolution are also displayed for operator convenience. The
control displays aiso provide a level of information condensation.
Component symbols provide alarm behavior based upon the status of

a number of measured data points represented at the lowest level of
the hierarchy. The operator will receive an automatic alarm cue to
the next Towest level if pertinent alarm information is contained
there.

The diagnostic displays reside at the lowest level of the hierarchy.
These displays contain all the information that is monitored on any
particular component or subsystem.

The operator can maneuver "vertically" through the display hierarchy,
"zooming" in on a problem; or"laterally'through the hierarchy,
scanning related systems and processes. The operator can also jump
directly to any display in the hierarchy without traversing the
intermediate displays. The operator interface device for display
selection is a simple keypad, similar to a pushbutton telephone from
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which he can easily traverse the hierarchy, assisfed by the automatic
computer cueing.

Optimization of Data Presentation

C-E's research has indicated that a critical element in improving
operator performance is in tailoring the presentation of displayed
data to human characteristics. Computer technology has provided
flexibility in information encoding techniques that allow the
presentation of data to be optimized to both the operator and the
_specific task he is expected to perform.

In C-E's studies, color, blink, symbolic format,
physical orientation on the display, and information density and
update technique are all used to encode display information to in-
crease the operator's comprehension and performance. The system is
designed to highlight color abnormalities and anomalous readings by
changing the shape and format of the data when the reading reaches
@ preset limit. C-E studies have shown that a great amount of
information can be condensed into a single display. However, these
studies indicate that reduction of all necessary information into one
display is not practical with current methodology or technology. A
great reduction of necessary display area is possible, and is the
cornerstone of our most recent control room arrangements.

These state-of-the-art control room arrangements address many human
engineering factors in addition to those related to CRT displays.
The design methodoTogy includes consideration of criteria on such
variables as maximum distance between any two control functions,
minimum distance between separate control devices, viewing angles,
number of operators ‘required (normal operation, startup, shutdown,
and accident conditions), and access by non-operator personnel.

Panel layout concerns such as functional groupings, symbols, left to
right organization (heat source to heat sink in current designs),
and color representation have been addressed and standardized where
practical. In most of these areas, human engineering factors are
adequately defined and may be implemented in a straight-forward
fashion. Another area that has received additional attention is that
of “"seldom used controls", These are the controls the operator might
be required to use in an accident or other abnormal operating con-
dition. Methods to better guide the operator in these situations are
incorporated in the design of the panel layouts and the related data
presentation.
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A1l of these factors must be.integrated into. the control room design
process in order to obtain the maximum advantage from computerized
information processing and display ‘systems.

AUTOMATICN

The second key area of potential improvement in operator performance is
the automation of selected tasks to remove some of the surveillance
_burden that the operator is required to perform.

The most pertinent area of automation is that required for surveillance
of the operability of the plant safety systems.

c-E is implementing a system to monitor the alignment of pumps and
valves in response to NRC Regulatory Guide #1.147. This system will
provide annunciation to the operator if misalignment of an instrumented
pump or valve occurs. WYe are also developing a computer based system
to assist the operator in alignment of pumps and valves for periedic
actuation testing. This system provides positive indication of.correct
system alignment for test and positive indication when post test
realignment is achieved. Hard copy test documentation is then produced
of test results and correct system alignment.

C-E has implemented systems that automatically monitor the status and
operability of the Reactor Protection System. When problems are
detected, annunciation is provided to alert the plant operations staff.
However, restrictions placed on the implementation of these systems by
interpretations of existing regulations has had the effect of stifling
industry impetus to develop these automated monitoring systems. A

more realistic approach in the NRC evaluation of the safety significance
of these systems is required.
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DISPLAYING POWER PLANT data on multi-
colored, computer driven CRTs provides the poten-
tial for raising operator-machine interfaces in
these plants to new heights. The amount of detail
and flexibility inherent in color CRT displays
promises better and more timely information.
However, the mere existence of such promises
adds little to a power plant control room. The
critical task is the exploitation of this potential in
an intelligent manner. Technology has removed
many constraints from the machine portion of the
interface. Equal effort must now be placed on the
human aspects,

Although the eye can sense all the information on
& CRT face, the brain cannot begin to act on that
amount of detail. Some mental processing must
take place before any information can be entered
into human memory. This lly i some

Color CRTs with graphic capabilities certainly
have complicated the task of display design. De-
signers now have to worry about color assign-
ments, contrasting, symbols, blinking and a host
of other variables. The author offers guidslines
for effective color CRT display design, concen-
trating on the human factors aspects of various
techniques.

the noise level of the display and consequently de-
creages the human search and processing time re-
quired for information detection and comprehen-
sion. An effective display should not require any
effort for analysis on the part of the oper-
ator. He must be able to immediately grasp the
situation and take appropriate action.
Ad of CRT displ that satisfy these
criteria must have a thorough understanding of
the power production p , display techni
and, most importantly, the operator. Such total
understanding is seldom found in a single indi-
vidual. This article offers guidelines that permit
users, who are familiar with power plant operation
but not specifically knowledgable in display tech-
niques, to create effective CRT displays.

form of feature extraction and/ or pattern recogni-
tion on the operator’s part to encode correctly the
information for internal storage in short-term
memory. Such storage is the initial step in display
comprehension.

To aid this mental process, a determined effort
must be made to keep each display as clean and
unobstrusive as possible. This effectively reduces

Optimization of operator performance entails an
appreciation of the variables that influence an op-
erator and variables that can be influenced by a
display designer. Operator performance has been
defined (Ref. 1) as a function of several variables:
* complexity of information

® operator tasks

® operator characteristics

® environmental factors
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instrumented
porameters

Figure 1. Of the seven variables
that affect operator performance,
only three are under the direct
contro! of the display designer.
To generate an effective display,
however, the designer must take
into account those variables over
which he has no control.

Not.under control of display designer

Operator tasks] /
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/L |

/
/
/

/
/ Type of Density
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Under control of disploy designer

® type of information displayed
o density of information
o method of presentation.

Although all of these may impact operator perform-
ance equally, the degree of influence a display de-
signer has on each variable is very subjective.
Figure 1 illustrates the grouping of these variables
in power plant applications. Typically, the opera-
tor is required to monitor large numbers of dis-
crete p ters. The lexity of information
and operator tasks are predetermined and there-
fore not under the control of the display designer.
Likewise, he has little or no input in determining
operator ch igtics or envi tal factors.
The designer does, however, have a large and often
gole impact on the remainder. He must decide
what to display, how much of it to dispiay, and the
most effective format in which to present it so as to
maximize operator performance.

Operator tasks

Analysis has shown that the operator is involved in
three major tasks: monitoring, control and diagnos-
tic. Unfortunately, these areas are too broad to
base guidelines upon, since each entails many sub-

tasks. Five tasks, however, have been identified
(Ref. 2) that appear basic to CRT display reading
and may be appropriated to serve as generic sub-
functions. These five tasks are: identify, search,
count, compare and verify. Table I illustrates
their meaning in the context of the power produc-
tion process and lists them in descending order of
frequency.

The search task is performed at all times, since an
operator is never concentrating solely on the CRT.
He must find the target before processing the infor-
mation according to one or more of the other tasks.
Identify, the simple act of recognizing the target,

. also is required in all instances. It is often difficult
to separate search and recognition tasks, since
both are involved in bringing the operator’s atten-
tion to the correct target. Only after successfully
completing these functions can he begin to process
the information. Processing then involves the tasks
of comparison, verification and counting.

This implies that a designer should optimize the
display for search and recognition and then satisfy
criteria for the remaining tasks. This is a restate-
ment of requirements for a “clean” display men-



tioned previously. Regardless of how important a
parameter is, it becomes noise when the operator is
looking for something else. Anticipating operator
needs is an extremely difficult assignment. One is
more inclined to use the saturation approach—dis-
play everything. But this is self-defeating in the
long run. The primary maxim of effective display
design is to give the operator what he needs, only
when he needs it.

Informative coding

Information displayed on a CRT is often coded ac-
cording to various sch The English alphabet
tepresents a coding scheme in that an entire con-
cept may be represented by one or more letters.
Numerics is another example of coding in which
quantities are depicted by a string of digits. Sym-
bology is a third example, where unique arrange-
ments of lines and curves depict pumps, valves,
transistors and other components. The question
here is how to best code information to accomplish
a given task. Since the definition of information is
“knowledge that was not previously known,” many
items such as labels do not necessarily qualify at
all times.
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Figure 2. A variety of coding methods are available,
but some methods are more suitable for certain oper-
ator tasks than others. Recommended coding meth-
ods are indicated by an “x", whils the asterisk indi-
cates redundancy.

lication has its own convention and coding

Human factors literature abounds with t
on abstract coding methods (Ref. 3) that use single
letters, digits, shapes or colors to depict complex
ideas. While much of this data is directly appli-
cable, a large majority must be treated cautiously.
A dom string of alphabetic characters such as
‘“uppm” may be used abstractly to represent the
concept of a device that transfers fluids by suction
or pressure, One may use this coding scheme to ob-
tain search and identify task response times. A
rearrangement of these letters to form the string
“pump” would result in quite different times due
to operator familiarity. The point is that each area

Table I: Operator Generic Subtasks

Subtask Question type Example
Search Where is? Where is the

flashing symboi?
Identity Whatis? ‘What does the fiash-

ing symbol represent?
Compare Yes/No Is the flow equal in

both cootant loops?
Verify True/False  The oil fift pump

has been actuated
Count Howmany?  How many vaives are

apen in the letdown
line?

f app
biases that are not abstract. Human factors re-
search provides excellent data that must be judi-
ciously extrapolated to individual areas of concern.

Such an extrapolation yielded five applicable cod-
ing methods: numeric, textual, shape, color and
blink, Although these agree in philosophy with
basic human factors definitions, some modifica-
tions were made. Numerics refers to digital etrings
ref ing some le value of a parameter
such as temperature or pressure. Textual coding
connotes alphanumeric strings arranged to form a
meaningful word or words common to the power
production process. Logical abbreviations of words
also qualify under this scheme. Shape encompasses
standard power process symbols (pumps, valves)
as well as g tric objects (bars, col ). Color
and blink have been shown to be most effective
when used as redundant codes (Ref. 4-6). This
means that color and blink should be used to rein-
force information coded by other means, such as
blinking a pump symbol in an alarm color.

Figure 2 is a 'y of r ded coding

h for power p tion CRT displ Each
task has associated recommended coding methods
indicated by a checkmark. Compare, verify and
count tasks are further subdivided into “check”
and “read.” A check subtask is one that has a dis- -
crete number of status states (on/off, open/
closed), whereas the read subtask has variable
states, such as the value of a fluid temperature.
Reading involves more mental processing since




people have a tendency to “vocalize” what they
read. Perceiving a status does not require this
translation.

Test and shape coding should be used for the
search and identify tasks. Successful completion of
these tasks results in focusing the operator’s atten-
tion on a specific portion of the CRT—they donot
involve processing the information located there.
A pump symbol, perhaps with amplifying text,
easily allows the operator to find the correct pump
on the display. Likewise, the name of a parameter
will accomplish these tasks provided the operator
knows what he is looking for, as in an operator
initiated search. Computer initiated searches
occur under alarm conditions, when a parameter
has exceeded its accepted value and the operator
must be informed. In situations such as this, color
and blink sre at their best since attention-getting
is required.

The status checking subtask is similar in compar-
ing, verifying or counting tasks. Since only & small
number of possible states exist, status checking is
quick and requires simple coding methods. A sym-
bol that has few possible configurations is ideal in
this case, particularly when color is used to rein-
force the status message. For example, a circle with
the circumference colored may be used to indicate
one state while the same circle with both the cir-
cumference and interior colored indicates another.
A unique color for each state further enhances the
concept.

Reading subtasks require the acquisition of very
specific information from a large number of possi-
bilities, such as one p e out of a possibl

range of hundreds. Within the context of informa-
tion theory, this represents more information than
a status check. Hence, one must pay the price of

Table 11: Recommended color codes

INFORNATION FEARING WUMERIC IATA DR TEXT

NORARL
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more lengthy processing. The only feasible means
of coding this information is numerics. Once the
information is assimilated, the operator performs
his comparison, verification or counting. 1t should
be emphasized that color is not used as a code in
relation to these tasks. The color of the numerics
may change to indicate an alarm, but this is done
to aid the search task. Legibility and contrast are
the only color considerations and do not constitute
coding in the real sense.

Colorful conventions
As mentioned earlier, the display designer must
conform to co it in the application area to
make coding easier. Numerics, text and shapes
should be familiar to the operator. What may seem
tural in one application may be perfectly
logical in another. This is particularly true for
color coding.

Red and green are often used in the power industry
to indicate on and off respectively. This poses a
problem for the display designer b he may
think of red as a danger color. Does he use red to
indicate both conditions, does he select a different
color for danger, or does he try to change the con-
vention? How does he reconcile this in light of
proven human factors data? This problem may be
alleviated if he remembers that he too has been
biased. Everyday life has programmed him to re-
spond to red as danger just as the operator’s job
has trained him to respond to this color as “on.”
The operator may function under a double stand-
ard, red meaning “on” while operating the plant
and meaning danger while driving his car. Chang-
ing the convention or using the same color for both
conditions will surely introduce confusion. The
criteria for alarm colors is that they be umique,
logical and fit within existing standards.

Color CRTS further compound the problem in that
any item drawn on the screen must be in some
color to be perceived. Table II represents one solu-
tion for a color CRT that accounts for prior con-
ventions, search criteria and legibility require-
ments. Black is the unactivated screen color and
serves as a logical background. Dark blue lies far
below the eye’s spectral sensitivity peak and may
be difficult to perceive when the eye is stimulated
by other colors on the CRT. This is used to advan-
tage for labels and other purely advisory status
items, If the operator wishes to read the label asso-
ciated with a variable, it becomes information.
Otherwise it is noise. The poor contrast of blue on
black reduces the noise impact but still allows the
label to serve as information when the operator
focuses on it. Cyan (light blue) has a contrast ratio
close to white but avoids the greater stimulus from
the longer wavelength components of white. The
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corresponding legibility of cyan makes it applicable
for numerics and alphanumeric text that always
contain information.

Red and green retain their conventional on/off
definitions while white is used as an intermediary
between the two. Thus a variable speed pump sym-
bol would be colored green when off, red when fully
on, and white when partially on. Yellow and ma-
genta provide logical alarm colors as well as excel-
lent contrast with black for portrayal of necessary
alarm information. Also, their uniqueness aids the
search task.

Blinking should be used only for attention-getting
in the search task. A single blink rate between 2
and 5 Hz should be used in all instances and the
number of items blinked at a given time must be
held to a mini The attention-getting value is
greatly diminished when more than one display
area is blinking. Also, blinking degrades legibility,
making value reading difficult (Ref. 7). If the
parameter value is blinked for attention-getting,
some means must exist to stop the blink prior to
processing that value. An acknowledge function
satisfies this criterion nicely by allowing the oper-
ator to respond prior to evaluating the information.
Otherwise, blink the area near the parameter, but
not the value itself.

Gverloading the screen
Informati densi invol ing how
much data can be placed on the screen before the
amount begins to adversely affect the operator's

q
deter

ability to perform his basic tasks. Ideally, one ex-
pects a single information/ unit area figure based
on a detailed information theory analysis. In the
practical world, there are too many variables to
make such a figure useful and one must settle for
intuitive results tempered by psychophysical data.
Advice given in this section assumes a 19-in. (48.26
cm) diagonal CRT located 28 in. (71.12 cm) from
the operator. The span between the operator and
the CRT is the optimum viewing distance for a
CRT of this size (Ref. 8) and within the operator's
reach (Ref. 9).

" The cleanliness of a display determines the opera-

tor’s ability to successfully perform his search and
identify tasks. When he scans the display for a
specific parameter or target, all other information
on the screen is noise. It is intuitively obvious that
an upper limit exists on the amount of active
screen area. Quantifying this is another matter.
Experience shows that display loading (the per-
centage of active screen area) should not exceed 25
percent. This may seem extremely low until one
considers that a well-designed page of printed
material has a loading of only 40 percent (based on
the author’s analysis of the journal cited in Ref. 1).

An analysis of existing CRT displays that were
qualitatively judged “‘good” revealed a loading on
the order of 16 percent. The remaining area consti-
tutes “‘white space” that is essential for clarity in
any display. Furthermore, the amount of variable
data on these displays never exceeded 75 percent
of the total active area. The product of these limits
dictates that no more than 18.75 percent of the
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Figure 3. Textually coded infor-
mation should never exceed 12
characters, because it is difficult
for an operator to comprehend
that much information at a glance.
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Important information, such as
numeric values, should not ex-
ceed four characters.
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screen should contain information of continued
interest to the operator.

Density within the display is also an important
consideration. One would like to know the maxi-
mum number of characters, the appropriate sym-
bol size, and proximity to other information areas.
The average visual angle for central foveal vision is
quoted at 5 deg (Ref. 10). Stated more clearly,
when one fixates on a point, one sees information
within a 5-deg solid cone to 50 percent accuracy.
This 5-deg angle is also called the “span of atten-
tion” and is an important parameter that has
great impact on display design.

Figure 3 illustrates the practical application of
this psychophysical fact. The operator’s attention
span translates to 2.44 in. (6.21 cm) measured on
the screen face. A survey of various display vendor
data indicates that the average character width,
includi 1k for ch ter spacing, is ap-
proximately 0.2 in. (0.5 cm). When arranged hori-
zontally, 12 characters can fit within the 5-deg
cone. Hence an operator can see 8 maximum of 12
characters at a glance. To improve accuracy, tex-
tually coded information should not exceed 6
characters, although labels can be up to 12.

Numerics usuelly require more accuracy since
they are heavily laden with information. Therefore,
numerically coded information should never exceed
4 digits without good cause. This produces an aver-
age reading accuracy of 90 percent without being
overly restrictive. In all cases, the herizontal ar-
rangement of characters is preferred to the vertical
(Ref. 11).

Since the span of attention defines discrete areas
of the CRT, it is advisable to have each area con-
tain only one piece of information. One would want
to separate fixation points of different parameter
values (i.e., pressure and temperature) by 2.44 in.
(6.21 cm) so the operator sees one idea with each
glance. Likewise, two parameters that are consis-
tently compared should both fall within the same
span. This explains why the best arrangement for
parison is the col form.

To minimize the ber of characters in a word,
abbreviations can be used when necessary. If an
accepted abbreviation does not exist, one can be
fabricated using the concept of masking and/or
vowel deletion. The first and last few letters of a
familiar word are seen more clearly than interior
haracters. This is predominantly due to the
proximity of white space on either side of these
letters while the interior is effectively masked by
other letters. Within the context of the power
production process, TEMP is an accepted abbre-
viation of “‘temperature” while masking can be

applied to “boiler” to yield BOLR and still retain
the i other technique of abbreviation is
to delete vowels, as in “condenser” and CNDNSR.
(Caution: Such abbreviations should be tested

prior to their use.)

A final point deals with the placement of informa-
tion on the screen. When the operator turns his
attention to a specific CRT, his initial fixation
point naturally falls at the center. Does he search
the screen from this point in any predetermined
manner? It has been shown that search times are
significantly faster than the average for targets
in the upper right quadrant and slower for those in
the lower right (Ref. 12). No difference exists for
the left two quadrants. These findings can be used
to advantage by placing the most important infor-
mation in the upper right quadrant and the least
important in the lower right.

R dations for infor density are

summarized in Table III. Obviously, these are
general in nature and should not be used blindly.
The display desi must bal them against
his experience for each and every display.

Selecting a method
Method presentation, which deals with organiza-
tion of the overall display, is the final variable

Table Ill: Recommended Density Values
Total display loading
Maximum: 25%
Dynamic display loading
Maximum: 18.75%
. Text word size
P Maximum: 12 characters
Recommended: 6 characters or less
Numeric word size
Maximum: 12 characters
Recommended: 4 characters or less
Symbol size
Maximum: 2in. (5.08 cm)
Recommended: 1in.(2.54 cm)
Word Orientation Horizontal
Word spacing 2in.(5.08 cm})
Preferred quadrant Upper right
(in order of preference) Upper left, lower left
. towerright
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under designer control. All displays can be categor-
ized into three major groups: alphanumeric,
graphic and representational, Alphanumeric dis-
plays use strictly textual and numeric coding and
are necessarily dense. Graphic displays contein
line or bar charts to indicate trending, history, etc.
Some alphanumeric data are required in support.
The representational category uses symbols to a
great extent and includes mimics and one-line dia-
grams. The display designer must decide which
general category best serves his purpose and pro-
ceed with the design from there.

Major operator tasks—monitoring, controlling and
diagnostics—can now be used to aid in this decis-
. ion. Figure 4 shows the recommended category for
each area. Monitoring tasks require a broad view of
large systems or subsystems. Key parameters that
affect overall system operations are displayed and
used to evaluate performance. Such displays must
be clean and easily grasped, Figure 5. The repre-
sentational category satisfies these requirements
nicely. Symbols denoting major system compo-
nents indicate status and overall functioning.
Graphic displays may be used to support this over-
view in selected instances.

The controlling task involves activation and man-
ipulation of specific items of equipment. Informa-
tion concerning this equipment must be displayed
to allow the operator to perform his controlling
task, Figure 6. One expects the level of detail to
be greater than that required for monitoring, but
not needing every measured parameter. Here
again, the representational display functions best
while a secondary means is available with the al-
phanumeric category.

Diagnostics necessitates the greatest amount of
detail, but treats a very small portion of the entire
system, At this level, symbols are of little value.
Alphanumeric displays for diagnostics may con-
tain every conceivable parameter related to the
problem at hand, Figure 7. Search times will be
longer due to the amount of detail, but this can be
tolerated in light of the benefits received. How-
ever, there is no requirement for these displays to
be arranged in purely form. Grouping

of related parameters may be distributed on the
screen in a logical manner to enhance search and/
or may be interconnected in order to emphasize
interrelationships.

The display designer decides which category is
applicable and then considers the format, coding,
density and rates of change. The format deals with
the layout of individual pieces of information and
how they are related. Coding involves deciding how
the individual pieces are best represented, while
density requires the application of recommenda-

Figure 4. Major operator tasks are best served by
certain display types, as shown here. After determin-
ing the display type, the designer stili must decide on
the best coding method to employ and the proper
leve! of detail.

Figure 5. This representational display of a nuclear
steam supply system presents information necessary
for monitoring overall operation of the plant. If more
detailed subsystem information is necessary, the op-
erator may request it.

Figure 6. Combining alphanumeric_and representa-
tional forms, this display provides the operator with
all the information he needs to control reactor coolant
pump 2A,
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Figure 7. If the motor section of pump 2A has a prob-
tem, the operator can request a diagnostic display
which provides all pertinent information in alpha-
numeric form. Information on this display is grouped
functionally and interrelationships are shown with
connecting lines.

tions in Table III. Since CRT displays are used to
indicate plant operation, dynamic data are of ut-
most importance. The desi must now evaluate
his display in terms of rates of change and how
hanges can be detected. This p d
is part of a design methodology.

Designing displays ;
Determining the purpose of a particular display is
the first step in display design. Eech varieble that
will appear on the display should be justified, in
writing, on a display form. Display design forms
should ask both philosophical questions of the de-
signer (purpose, special considerations) and speci-
fic questions regarding particular parameters that
need to be displayed.

Since the determination of specific display param-
eters is the end result, it should be specified first.
Then, and only then, should the proposed display
be analyzed to determine if sufficient data exist to
yield the desired result. The input must never de-
fine the output. This ensures a fresh look at the
system by the user with current technology in
mind. Historical reasoning (we always did it that
way), while valpable for confirmation, is a poor
base on which to build a new design.

Filling out design forms defines what is to be done,
not how. Details on how the output accomplishes
its objective is determined next. Given a ggﬁxzed
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the designer has a number of detailed items to
consider: arrangement, size of active display area,
color i ts, abbreviati character size
and spacing, level of detail, type of coding, param-
eter placement and rates of change, toname & few.

Designing effective CRT displays is both a formid-
able and confusing task, requiring the designer to
gain expertise in unrelated areas of technology.
Guidelines are of little use, however, unless the
person applying them is intimately familiar with
his particular application p Guidelines pre-
sented in this article are intended to provide an
experienced user with advice in areas that are out-
side his specialty.

The level of sophistication of both instrumenta-
tion and display techniques has risen rapidly in the
recent past and will continue to do so. Man, how-
ever, has changed little and is not likely to do so.
Therefore, electronic display devices must be
tailored to man rather than have him tolerate fancy
but ineffectual equipment.
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INTRODUCTION

The past few years have seen exponentially
increasing interest in the area of human
factors by the process control field in
general, and the power generation industry
in particular. The seventh decade of the
20th century started with a smattering of
papers on the subject, as related to con-
trol rooms, and expanded to a formal review
by the Electric Power Research Institute(l)
completed last year. All the literature
criticizes the fact that existing power
plant control rooms were designed based on
the "leftover" policy. This attitude allo-
cates functions to the operator only when
it cannot be accomplished by hardware.
Furthermore, these 'leftover' functions
received little or no attention by the de-
signers, assuming the operator would soon
learn to cope with the given system. Al-
though this evaluation may be a bit unsym-
pathetic towards the previous generations
of control room designers, the fact remains
that existing systems do not adequately
account for the human in that system.

Fortunately, most of the publications do
not dwell on the deficiencies of the past,
but expound the virtues of the systems of
the future -- the so-called "advanced con-
trol centers." These are radical depar-
tures from their predecessors, using recent
technological advances to acquire and dis-
play information about the power generation
process., Computers, multiplexing equipment
and Cathode Ray Tube (CRT) displays are
becoming the norm rather than the exception.
Attendant with these hardware advances are
concerns for the operator and his ability
to function in this environment. More than
words, however, must be expended to exploit
the potential of this new technology. Con-
trol room designers are currently presented
with a rare opportunity in which they may
"atone for the sins of the past." This is
possible by intelligently accounting for
the attributes, both good and bad, of the
human operator. Design of the control and
display systems must be done with the
operator primarily in mind.

48-721 0 .- 79 - 11

While the new developments in technology
are invaluable, one must proceed with cau-
tion. The application of interactive com-
puter graphics to problem solving tasks has
made great advances in areas such as com-
puter aided design. One is immediately
tempted to apply similar techniques to
power plant control rooms. Systems have

. been devised that require all interactions

between the process and the operator to
occur through the CRT display itself(2).
Other systems are much more cautious and
merely use the CRT to duplicate the func-
tions of the many dials and meters pre-
viously used for information display.

Both extremes have shortcomings due to poor
display design. Insufficient experience
with display design and knowledge of the
functioning of the human operator precludes
direct interaction with the screen at this
time, Duplication of previous display me-
thods does little to aid the operator in di-
gesting the voluminous data. This technique
also maintains discreteness of parameters
rather than integrating them into the over-
all process. Controls and displays should
remain separated until effective CRT display
systems have been developed and proven suc-
cessful. The display system design is the
quantum jump in the operator interface.
Direct operator interaction may easily
follow, if deemed desirable, once the dis-
play system has been made effective.

The major problem associated with displays
is two-fold; the display set organization
must take an integrated approach to the
power generation process and each display
page in the set must be based on sound human
factors pringiples. The latter has been
touched on{3) and work is continuing on the
details of effective display page design.
This paper will concentrate on the problem
of organization by analyzing the purpose of
the CRT display system and posing a solution
in the form of a display design methodology.
The efficacy of this approach will then be
demonstrated using a simple Nuclear Steam
Supply System (NSSS) example.
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MAN-PROCESS INTERFACE

The CRT display system is the operator's
primary means of determining the status of
the process he is trying to control. While
the popular term "man-machine interface”
may be applied to such interactions, the
semantics are somewhat misleading. When
oné enters and receives information in an
interactive graphics application, the in-
terface is truly between man and machine
(computer). However, in the process con-
trol field the operator is more interested
in interacting with the process than with
the computer. The intermediate machine as-
pects should be transparent to the operator
to establish a man-process interface. One
may consider this a trivial difference, but
the designer and the user are certainly
affected by that difference. )

Displays must optimize the interface be-
tween the operator and the process, rather
than the operator and the computer. The
computer is merely an information pathway
between the two. The display system is the
operator’'s window to the process, As the
analogy implies, information im this inter-
face travels in one direction only. The
operator views the process through the CRT
screen and uses his separate controls to
accomplish changes. In computer terms, the
CRT is an output device, as opposed to pro-
viding both input and output. The man-
process interface must be designed accor-
dingly.

Establishing the terminology also estab-
lished the purpose of the display system:
to provide a decision making tool for the
operator in relation to the process. The
next question to be asked is, How is this
done with the displayed information? How
does the operator use the window for con-
trol? Models of human performance(4) indi-
cate that the operator maintains his own
internal concept of the process and makes
adjustments according to this replica.

When the operator looks at the screen, he
expects to find certain information that
matches his model.

According to current theories of the human
perceptual cycle, (5} this model is called

a schema. It determines the operator's
predisposition to finding relevant data
under various conditions. The anticipatory
schema directs his exploration of the
screen, from which he samples data and sub-
sequently modifies his mental model. This
cycle explains why we often overlook cer-
tain aspects -- they are totally unexpected.
Another interesting point is that the data
itself does not govern the subsequent beha-
vior of the operator. It is the schenma,

or his hypothesis on the source or cause of
this daga, that deternines what he does
next, (8) 'The exploration of information
continues through repeated observations
until the operator is convinced his hypo-

thesis is correct,

The task of the display designer is to aid
the formulation and modification of this
schema with relevant data. Displays must
emphasize the unexpected and provide a
means by which the operator can establish
his hypothesis and either confirm or reject
it based on related events. This model of
the man-process interface verifies the
problem areas stated previously. The indi-
vidual display pages must be effectively
designed to complement the operator's
concept of the process and make the unex-
pected obvious, Furthermore the interrela-
tionships between the displays must be
logically established to allow the operator
to make the requisite observations quickly
and intelligently, Display hierarchy is
more than a convenient means of organization
-- it is a vital tool in determining the
operator's ability to react successfully.

DESCRIPTION OF THE METHODOLOGY

The emphasis of the proposed display design
methodology is on integration of displays.
When assigned to such a task, the designer
typically asks the number of display pages
to be created and proceeds- from there on an
individual basis. A better question is,

How many displays does the operator need

and how can they be logically related to
satisfy these needs? Only then should the
details of the individual pages be addressed.
The methodology is devised to account for
the model discussed in the previous section.
The progression in detail also provides an
inherent documentation package for each dis-
play page in the systenm.

Figure 1 illustrates the steps in the pro-
cedure. A display hierarchy is established
by defining the purpose and function of the
display set and each individual display.
This should be done on a systems level that
deals with major portions of the plant, such
as the NSSS, main steam, feedwater, etc.

The next step tdentifies the display param-
eters necessary to accomplish the purpose
just specified. Note the heavy reliance on
operating experience. This is done to
ensure that the display system meets the
operator's requirements. Once the output is
determined, the displayed data is related to
the input available to complete the input-
output sequence. With this informatiom in
hand, the actual design of the individual
display page is done according to human fac-
tors guidelines. The final step specifies
the processing required to update the dis-
played data, Appropriate forms should be
devised for each step on the procedure to
formalize the process and ensure complete-
ness and continuity. Each of these steps
will be discussed in more detail in the
following paragraphs.
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Display Hierarchy

Coincident with specifying the purpose and
function of each individual display page,
one must establish a concept of how the
pages are related according to the opera-
tor's-schema of the process. A list of
display page names must be drawn up and the
interrelationships determined. This con-
cept, or hierarchy, ensures an integrated
approach and also determines the maneuvera-
bility between pages, as will be shown
shortly. Such a unifying mechanism tests
the effectiveness of the display strategy
before time and effort is expended on de-
tailed page design. Using the hierarchy,
operations oriented personnel may postulate
actions of the operator and determine where
the required information can be found.

Such a paper study improves the efficiency
of the procedure without sacrificing flex-
ibility or wasting engineering hours.

The relatively, ?ew field of hierarchical
system theory(7) offers a valuable guide in
establishing the system structure. One
must decompose the system into subsystems,
and these subsystems into sub-subsystems
and so on, until a convenient amount of
detail is reached. Decomposition may be
done according to level, time, mode or
other means applicable to the system of
interest. The information structure is
then defined by specifying the amount and
type of information available to each com-
ponent. Finally, the degree of coordina-
tion and data flow between the components
must be determined. The basic techniques
of hierarchical system theory will be used
without resorting to mathematics or com-
plex details.

A convenient and applicable level decompo-
sition has been establiiggd during the ana-
lysis of operator tasks . There is a
direct correspondence between the monito-
ring, controlling and diagnostic tasks, the
methods of presentation and the logical
maneuvering between displays. Displays
will henceforth be categorized as monitor,
control or diagnostic. The hierarchy of
this categorization is shown in Figure 2.
The highest level display treats the moni-
toring task that provides an overall view
of the system involved. Beneath this are
multiple control displays that show major
components of the monitor and provide infor-
mation necessary to control that component.
The diagnostic display contains all instru-
mented parameters related to that component,
thereby allowing detailed diagnosis of any
problem. The amount-of detail inherently
involved with the last level may require
multiple pages of displays.

It should be emphasized that detection of
anomalies is not restricted to diagnostic
displays, only the level of detail is

limited. Alarm indications are available

at all levels, as described later, Essen-
tially the hierarchy defines levels of
""zoom" for alarms where the operator moves
to the level of detail necessary to deter-
mine the anomaly,

Given a set of displays, one needs a means
of retrieving one particular page of the

set for viewing. This establishes the
maneuvering mentioned in previous paragraphs.
An obvious method is to assign page numbers
to designate each display and use the desig-
nator for retrieval. Assuming a non-trivial
number, a directory is necessary to relate
these number designators to the actual con-
tents. The operator must scan the directory
for the desired information, enter the
assigned number and view the information on
the CRT screen., Using this.technique, an
operator can randomly access any single

page of the set rather easily, provded he
knows the designator.

Another technique is to move sequentially
through the set from some predetermined
beginning. A wrap-around feature would dis-
play the first page after the last page in
the sequence has been viewed. For added
flexibility, movement -through the set can

be in either the forward or backward direc-
tion. Two simple function buttons are all
that are required for retrieval. While this
does not require a priori knowledge of page
numbers, it requires retrieving an average
of N/2 pages before finding the desired
information, where N is the number of dis-
plays in the set, .

A combination of the two methods is prefer-
able. One can randomly access the desired
page with the aid of a directory and then
move sequentially through the set, as de-
sired, This combined approach will b€ re-
ferred to as "paging." It retains flexi-
bility, while decreasing retrieval times for
displays in the vicinity of the page cur-
rently being viewed. This represents hori-
zontal movement along the levels shown in
Figure 2. Although one must put the pages
in some sequence, the paging concept does
not exploit the interrelationships of dis-
plays as defined by the hiérarchical struc-
ture. .

To take advantage of the inherent logical
progression between levels, one should in-
corporate a second means of retrieval called
"sectoring." This technique allows the
operator to move vertically through the
hierarchy with a minimum of effort. Simple
operator actions allow him to move from the
monitor level to a related display on the
control level and still further to the diag-
nostic level, following one branch of the
tree structure. Equally simple actions
allow progression up the structure as well.
While sectoring constrains the maneuverabil-
ity to a limited number of displays, the
allowable pages are logically related to the
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current display. Furthermore, no directory
_or memorization is required by the operator
if sector indicators are made an integral
part of the display.

Maneuverability can be incorporated into
the hierarchy by drawing boxes to represent
each display page and assigning page num-
bers to each box, as shown in Figure 3.
This number (204) would be listed in a
directory with its associated name, and
used to randomly access that display. Hori-
zontal maneuverability is indicated by the
"Page Back To" and "Page Forward To" en-
tries, 203 and 201 respectively. These
pages are on the same hierarchical level as
the current page and are accessed using
some forward/back selection mechanism. The
sector numbers attached to the interconnec-
ting lines represent the indicators that
would appear on the display and that would
be entered to move vertically in the hier-
archy. Selection of Sector 1 or 2 in this
example would result in a movement down-
ward to a diagnostic display. Selection of
Sector 0 would cause movement upward in all
instances.

The sample hierarchy of Figure 4 will be
used in the example of the next section and
is introduced here to illustrate the form
of a typical organization. The actual con-
tents of each display are not necessary in
establishing this structure; only the page
names, numbers and a general idea of the
purpose and function is required. The pur-
pose and function of each display should be
documented separately. A wealth of infor-
mation is available in this figure, since
paging and sectoring is already specified
via the notations. The results of this
first step may be likened to a functional
description of the display system. The
tree structure and philosophical descrip-
tions of each page tell the user (operator)
what the system will accomplish as he will
see it. The details of each page are then
provided in subsequent steps.

Output Description

Returning to Figure 1, the second step of
the procedure identifies the display param-
eters necessary to accomplish the stated
purpose of each page. This is a natural
progression in detail from the philosoph-
ical description of step 1. Information at
this point should specify the output varia-
ble name, the form in which the parameter
is to be displayed (numerically, symboli-
cally, etc.) and remarks concerning limits,
alarm functioning and so forth. No infor-
mation should be specified concerning dis-
play layout, since operations oriented
personnel provide this input. The data
should be gathered on a page-by-page basis
to ensure continuity of display page docu-
mentation. This may require duplication of
information if the same parameter appears

on a number of pages.

Input Identification

Once the output is defined, one must deter-
mine the source of this information. The
plant instrument lists are the most logical
reference for performing this task. How-
ever, this step does more than identify the
parameter source. The data processing re-
quired to change the input to output is
immediately implied and the methodology
begins to involve computer oriented design-
ers. Conversion to appropriate engineering
units, off-set corrections and other needed
nanipulations become immediately obvious
and nmust be accounted for in the computer
pathway. Decisions may also be made at this
time on the need for composed points where
nultiple instrument channels exist for the
same parameter. A further, but important,
advantage afforded by this step of the
methodology is a cross check on the com-
pleteness of the instrument list.

Display Layout

The time has come to finally lay out each
display as it will appear on the CRT screen.
While a vague conception of the layout may
have been necessary for guidance in the pre-
vious steps, it is best to start anew. Up
to this point insufficient information
existed to design the page intelligently.
Display creation should be “approached method-
ically, with sound human factors principles
as a base., Too often the original concept
used for guidance becomes cast in concrete
without considering the details of the lay-
out. The guidelines necessary for effective
CRT display creation are discussed in
Reference 3. Although a manual or semi-
manual layout (such as a paper grid) may
seem crude, it is really the only way to
account for design details. Interchanger
spacing, display density and loading, as
well as other human factors, are difficult
to account for without such a tool. Fur-
thermore, the effort involved in laying out
the display on paper provides more time to
consider the details.

Processing Specification

The final step in the methodology is done by
those intimately familiar with the display
system, rather than the process being con-
trolled. Decisions and specifications must
be made concerning the real-time updating

of the displayed data by the computer,
Operations such as limit checking and alarm-
ing must be included to make the display
useful. This step adds dynamics to an other-
wise static picture and requires the appro-
priate expertise to make it come alive.

The end result of the procedure just de-
scribed is a set of interrelated display
pages designed to optimize the man-process
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interface. A complete package of documen-
tation is also a consequence of these steps.
The package provides the necessary infor-
mation on the overall organization of the
display set and details on each page as it
progressed through the design., An example
that illustrates the establishment of a
sample hierarchy and the effectiveness of
the methodology follows.

ILLUSTRATIVE EXAMPLE

Consider a simplified NSSS as the system to
be controlled. Major components of the pri-
mary loop include the pressurizer, two
steam generators, four reactor coolant
pumps, a chemical and volume control system
(CVCS) and all interconnecting pipes. The
task is to design a display set that meets
the needs of the operator during normal and
abnormal power operations. The logic in-
volved in establishing the hierarchy for
such a system will be discussed and the end
results of the methodology demonstrated
using sample displays, Since this dis-
cussion is only for illustration, there is
no attempt to completely describe the dis-
play set., Additional pages are required
for a realistic system which increases the
number and complexity of the set.

The design starts by determining the needed
displays and specifying their interrela-
tionships. The most obvious display is one
that presents an overall summary of the
NSSS, showing major components. Each com-
ponent or subsystem on this summary usually
requires operator interaction, hence a dis-
play page will be allocated to the pres-
surizer, each coolant pump and CVCS. Al-
though the steam generators are an integral
part of the system, no operator interaction
is provided on the primary side. Therefore,
the displays for interaction with the gene-
rators would be included in the set for the
secondary (BOP) side. Tt is apparent that
many parameters are measured that are only
of infrequent interest to the operator,
This does not imply that they are not impor-
tant, They certainly are under certain
conditions, but not continually. Such
parameters will be relegated to detailed
displays that treat only a portion of each
component. Restricting the discussion to
only the coolant pumps, each pump may be
conveniently divided into a motor section
and a pump section. Displays are assigned
to treat each of these sections for each
pump. To randomly access these displays,

a directory is needed to relate page numbers
and names. A summary of alarm messages is
also desirable to consolidate alarms for
easy access and action.

Figure 4 shows the organization of such a
display set. The overall summary of the
system is found on page 101, the NSSS
Monitor, the directory (100) and alarm
summary {102) are also placed at the moni-

tor level, The controlling displays for
each subsystem are beneath the NSSS monitor.
The control displays for the pressurizer

and the CVCS are excluded from this figure
for simplicity, Detailed information on
each coolant pump is found on the diagnostic
level, This structure treats progressively
greater details as one goes from the monitor
level, down through the control to the diag-
nostic level. It satisfies the requirement
for logical organization and emphasizes the
interrelatedness of the displays in all
directions, .

One can also see how paging and sectoring
are implemented early in the design process.
The numbers at the top of each display box
represent the page numbers and indicate the
displays obtainable using the forward/back
functions, Paging forward from 202 will
display page 203, while paging back displays
201. A circular 1ist for sequential re-
trieval is also included in this scheme,
allowing the operator to move horizontally
along each level rapidly. Paging forward
from 204 yields page 201, the start of the
control level displays. Additionally, the
vertical maneuverability is demonstrated by
the sector numbers adjacent to the tie lines
between sectorable displays. In all in-
stances, choosing sector 0 will cause an
upward movement to the next higher level.

Following the establishment of this hierarchy
and the philosophical definition of the pur-
pose and function of each display page,
specific parameters must be identified.

Each page has a data sheet that lists this
information and is used to relate the output
to the input. The display designer uses
this data to create a detailed layout of
each display and then passes it on for pro-
cessing specification and implementation.
Results of this implementation will now be
presented to show the maneuverability af-
forded by the hierarchy. Actual CRT dis-
plays have been created for the shaded boxes
of Figure 4 and will be used in the example.

Maneuvering through the hierarchy is accom-
plished using the Page Control Module (PCM)
shown in Figure 5. To randomly access a
display (paging), the operator presses the
PAGE button, enters the three-digit page
number and then presses EXECUTE. The se-
lected display immediately appears on the
CRT. Paging forward and back along a given
level is done using the FORWARD and BACK
buttons in the figure. Only one keystroke
is required to accomplish this function,
Sectoring is performed similar to paging.
When the SECTOR button is depressed, the
sector numbers appear next to the component
on the display. The operator enters the
one-digit sector number and presses EXECUTE
to obtain the desired display from the next
level.

Monitor displays typicaily contain informa-
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. mation necessary to assess operation and
status of a system or subsystem. Paran-
eters used in these displays must be care-
fully selected to reflect the operation of
the entire systen being addressed. The
recommendations of Reference 3 state that
representational and graphical methods of
presentation are best suited for moniter
displays. However, there are exceptions.

A directory listing the available displays
is functionally a monitor level display,
but requires alphanumeric methods of pre-
sentation, as in Figure 6. The operator
can select the desired page from this dis-
play and access it using the paging tech-
nique. The arrow in the lower right corner
indicates that more information or overflow
is continued on a back page and can be
accessed using the FORWARD button. The
back page, in this instance, would contain
the list of available diagnestic displays.
Back pages are not included in the hierar-
chy because their need is not apparent un-
til the display layout phase. The contin-
uation symbol is used only when a back page
is required for overflow.

A more typical monitor level display using
the representational method of presentation
is shown in Figure 7. All parameters on
this display have a great impact in the
operation of the NSSS and concisely depict
the functioning of this system. If sec-
toring is desired from this display, the
operator presses the SECTOR button and the
sector numbers (Figure 8) immediately
appear next to the sectorable components.
If one of these sectors is not selected
within 30 seconds, the numbers are removed
to maintain display cleanliness. Pressing
SECTOR again.will reinstate the numbers and
allow sector selection as described.

Assume the operator selected sector 4, the
controlling display for Reactor Coolant
Pump 2A (RCP2A). He would then obtain the
control display of Figure 9. Control dis-
plays aid the operator in his controlling
task and should contain all the information
needed for control. Parameters that must
be observed during the controlling task
should all appear on the same display, even
though they may be parts of other systems.
Operator procedures and guides for control-
ling the component are excellent sources
for determining which parameters to dis-
play. This display is also sectorable to
obtain either the motor or pump section of
RCP2A.

Diagnostic displays contain all the instru-
mented parameters related to a portion of
the component dealt with in the control
display. Figure 10 shows the diagnostic
display for the motor section of RCP2A.

One expects a great amount of detail at
this level and must use the alphanumeric
method of presentation. Mimic diagrams

are of little use when dealing with a large

amount of information on one display. If
that amount is too great for one page, back-
pages may be used to contain the overflow,
as discussed earlier, .

Alarm indicators should be ‘available at all
display levels to help the operator find
the offending parameter quickly and with no
a priori knowledge of page numbers., These
indicators complement the dedicated alarm
list that specifies the problem parameter
and where to find more information. If the
operator is currently viewing a display
that includes the offending parameter, that
parameter is alarmed on the display and the
operator can act directly, An alarm condi-
tion for pressurizer pressure is illustrated
in Figure 11. An alarm message would also
appear on the Alarm Summary display. If
the offending parameter is contained on a
page further down in the hierarchy, the
operator must be so advised. This can be
done by alarming an appropriate symbol on
the display being viewed and turning on the
sector number which would guide him to the
display containing the alarmed parameter.
At this point the operator may go directly
to the desired page, as indicated by the
alarm summary message, or negotiate the
hierarchy to see if the alarm is causing
disturbances in other portions of his
system.

Assume the operator is currently viewing
the NSSS monitor display, Figure 7, and
excessive vibration occurs in the motor
section of Reactor Coolant Pump ZA. Con-
sidering the hierarchy structure of Figure
4, he is currently viewing page 101 while
the offending parameter is contained on
page 305, The pump symbol for RCPZA on the
monitor display of Figure 7 would flash in
the appropriate alarm color and the number
4, the sector number, would appear next to
it. The results of these additions are
shown in Figure 12. If the operator chooses
to follow the sectors rather than going
directly, he presses SECTOR, 4 and EXECUTE
on the Page Control Module to obtain the
control display for that pump, page 203
(Figure 13). The motor section of this
pump would also be flashing in the alarm
color and have the sector number 1 adjacent.
Once again he sectors and obtains the diag-
nostic display, page 305 (Figure 14), which
has the offending parameter in alarm.

Thus, two simple actions by the operator
bring him to the level he needs to diagnose
the problem. Obviously, if the offending
parameter is also contained on the control
display, he need not perform the second
step. This technique aids the operator ia
finding the source of a problem, but does
not interfere with a different strategy he
may feel is more appropriate. It does not
force him to act in any way, but only
advises him of a logical action.
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Although this example is somewhat straight-
forward, a similar hierarchy must be estab-
lished for each and every set of displays
in the system. Furthermore, the sets must
be tied together at the monitor level to
ensure proper integration. The designer
may often be faced with situations where
control and diagnostic displays exist, but
there is no associated monitor. This is
certainly allowable and merely implies that
the operator must page to the controlling
display before using the sectoring method.
Some monitor displays, such as directories
and alarm lists, may not be sectorable.
This is precisely the reason for performing
this work early in the design process. The
establishment of the hierarchy graphically
portrays the display system and its inter-
relationships and permits easier design of
the individual display pages.

CONCLUSION

The key element in designing successful ad-
vanced control systems is designing suc-
cessful CRT displays to optimize the man-
process interface. The operator maintains
a mental model of the process he is control-
ling and uses the displayed information to
modify his model for the given circum-
stances. The display system must be orga-
nized to complement the operator's schema
and allow him to make the necessary obser-
vations quickly. The display design metho-
dology just presented places great emphasis
on the hierarchy and provides a means of
creating the display pages within the hier-
archy. A documentation package results
that traces the design from conception to
implementation in a concise and consistent
manner.
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ALPHANUMERIC DISPLAYS FOR THE MAN-PROCESS INTERFACE

MICHAEL M. DANCHAK, Supervisor, Display Systems
Instrumentation and Controls Engineering
Huclear Power Systems
Combustion Engineering, Inc.

Windsor, Connecticut

INTRODUCTION

As early as 1949, people working with computers recognized the shortcomings
of printing devices for computer output and the potential of cathode ray tubes
(CRT's) (1). The speed, bandwidth and flexibility of such a device is ideally
suited for dynamic display of computer-generated information. Today the CRT is
commonplace in computer terminals, vital to interactive graphics systems and
is being used extensively for display of process control information. In the
latter case, the CRT functions as the operator's window to the process being
controlled (2). This device is rapidly replacing the myriad dials and meters
to enhance operator comprehension and make his task more manageable.

Alphanumeric displays use alphabetic letters and numeric digits exclusive-
1y. They are-a major subset of display systems that may include graphic and
representational (mimic) rages (3). Color is also implemented in more sophis-
ticated systems to add another dimension to improve operator awareness. Regard-
Yess of the level of sophistication, alphanumeric representation is the simplest
and most common method of information display.

Unfortunately the display techniques used for printers are often carried
over to CRT's, with little regard for the drastic change in display medium.
This paper attempts to recognize that change and offers suggestions for the
intelligent design of such computer output. The basic characteristics of CRT's
are surveyed and the attributes of alphanumeric characters discussed from the
human standpoint. The characters are then integrated to form display pages that
satisfy the operator's need for information. Recommendations are made for
creating the more traditional lists of alphanumeric information as well as the
unusual layouts necessary for process control. All the recommendations are then
summarized for easy reference and implementation.

CHARACTERISTICS OF CRT DISPLAYS

For the uninitiated, the technicalities of the transition from simple
printed output to CRT displays is bewildering and frustrating. Terminology has
been retained from the television industry, with some major exceptions. The
ranid development of the computer-generated CRT display medium without accepted
standard definitions and concepts, has resulted in display system vendors using
the same terms to mean different things. A short primer on the characteristics
of CRT displays is necessary to achieve some level of commonality for sub-
sequent discussions.

A logical starting point for understanding is the cathode ray tube itself.
At the risk of being trivial, basic concepts must be presented to appreciate
the problems. Writing viewable information on the screen face is achieved by
accelerating an electron beam and then deflecting it to impact that screen at
the appropriate location. Here the electron's kinetic energy is converted to
visible Tight by interaction with the phosphor coating. Deflection of the beam
is related to an "address" generated by the display system. Since the emission
of light from the phosphor decays with time, some mechanism is required to
maintain the information on the screen. Storage tubes trace the data only once
and depend on another source of electrons to preserve the data. In order to
delete information, the entire screen must be cleared and the remainder

T15-5301
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N

written again. Scanned tubes refresh the data by continually repeating the~trq&e, ¥
using one of various scanning patterns, This requires the data to be held in ™\
some form of memory for refreshment, but erasing is done simply by deleting the-

uniranted information from this memory.

The size of the display area is a parameter that immediately causes confu-
sion, As with the home TV, tube sizes are usually quoted in inches of diagonal;
17-inch, 19-inch and so on. English units of measurement will be used for illus-
tration, since they are used by tube vendors and are more meaningful in this
case. The CRT has evolved with a 3:4 ratio between the dimensions of the ver-
tical and horizontal sides. Assuming a rectangle, this yields a nice 3:4:5

Unfortunately not all this area is avaialable for display, since the tube is
not truly rectangular. The parameter of concern, then, is the size of the larg-
est complete rectangle that can be drawn on the tube. The nomogram in Figure 1

DISPLAY SIZE

SPECIFIED = USABLE HORIZONTAL  VERTICAL - -
DIAGONAL DIAGONAL 14—
B —— 23— [
4 1 18 — 1
) - i
4 2 1 'F 13—
23 -+ a1 17— 1
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1 20 —— 16 —— 12—
pJ . T 4 1
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o . T 10 ~——
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17 —— 1 1 T .
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16 —— T
15 —— 1 I n— 1
- 8 ——
Y4 13 —— T
4 + 10 —— 41
13— —4— i
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1l —— 10— 8 —— 6——
10— 1 T 4 ‘
9= 74
5l

Fig. 1: CRT Display Dimension Nomogram
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was devised to alleviate this problem, based on empirical data. One merely
selects a specified diagonal and moves horizontally to obtain the dimensions

of usable area. For a 19-inch monitor, the usable diagonal is 17.5 inches and
the largest rectangle that can be drawn measures 10.5 inches vertically and

14 inches horizontally. These dimensions are extremely important in determining
character size, as will be shown shortly.

Since various size CRT's can be used with the same display equipment,
manufacturers work in resolution units related to the "address” mentioned pre-
viously. The screen is divided into addressable rectangles called pixels or
picture elements, as shown in Figure 2. A1l patterns on the screen are built

CHARACTER
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Fig. 2: CRT Addressability Levels

up using one or more of these pixels, whose measured size varies with screen
size. Resolution of 256 x 256 (elements x lines) means there are 266 lines on
the screen and each line is divided into 256 elements. A pixel may be placed
at any one of 65,636 vaddresses" resulting from the combination of 256 locations
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along both the horizontal and vertical axes. For a 19-inch diagonal screen, ]
eachgpixel would measure 0.055" x 0.0410" (width x height), or 0.050" x 0,037"
for a 17-inch diagonal screen. Likewise, resolution of 320 elements x 240
lines (320 x 240) would yield pixels measuring 0.044" x 0.044" and 0.039" x
0.039" for 19-inch and 17-inch screens, respectively, The pixel 51ze,'and ul-
timately the character size, is predicated on screen size and resolution.

Figure 2 also illustrates another variable of character size: the charac-
ter matrix. Alphanumeric characters are formed by a suitable arrangement of
pixels. It would be extremely tedious to have to build each character every
time one wanted to display that character. Therefore, character generators are
included in display systems that function as character drawing subroutines.

One specifies a starting location and a code to identify the individual charac-
ter. The system then automatically forms the desired pattern according to a
predefined matrix. In this instance, the matrix is composed of 63 pixels (7 x
9), but the actual character uses only 35 pixels (5 x 7). This is often written
as a 5 x 7 character embedded in a 7 x 9 matrix; the excess pixels are used

for spacing. This involves a critical distinction when computing character
size. Using the 19-inch screen and 256 x 256 resolution, the character would
measure 0.275" x 0,287",

A final characteristic of CRT displays is that of user addressability---
the degree of positioning afforded the user through the host computer. Al-
though the display system can address an individual pixel internally,. such
precision may not be available to the user. The terms "graphics systems" and
"character oriented systems" will be used to distinguish the differences in
addressability. Although "graphics systems" implies much more than addressa-
bility, its inherent capabilities allow the user to position the start of the
character matrix at any pixel location. Thus, the user can vary the spacing
and orientation between characters almost at will, as shown in Figure 2.
"Character oriented systems" constrain the user to a much coarser grid called
a screen matrix, Figure 3. Each element of the screen matrix coincides with a
character matrix to form a number of character rows and columns. A "character
oriented system" whose resolution is 420 x 405 and uses a 7 x 9 character
matrix could display 45 lines of 60 characters each. The user may specify one
of 60 locations in the horizontal direction and 45 locations in the vertical
direction rather than the full 420 and 405. With this system, all spacing must
be embedded in the character matrix unless blank characters are used.

With this brief survey one is better prepared to evaluate various systems
and weigh the advantages and disadvantages of each. The discussions to follow
do not account for such differences and rely on the reader to factor in this
information when performing his own analysis. What can and cannot be done
with a particular display system is a function of the tradeoffs made by the
individual vendor and the market he is addressing.

ALPHANUMERIC CHARACTERS

In any discussion of alphanumeric (A/N) characters, one must be aware of
the.impact of character yisibi]ity, legibility and readability. Using the defi-
nitions of McCormick, (4 visibility is the quality of a character that makes it
separately visible from its surroundings and treats the pixel level of detail,
Legibility is the attribute of A/N characters that makes it possible for each
character to._be identifiable from others. Readability is the quality that makes
passible the recognition of the information content of material when repre-
sented by A/N characters in meaningful groupings. Restating the definitions as
a series of.questions: Can you see it? What is it? and What ‘does it mean?

Since the pixel has been defined to satisfy visibility, this section will deal
only with legibility by discussing the ideal character. The proper grouping of
characters to form words and sentences is the ultimate goal and is treated in

the next section.

Assuming adequate contrast and Tuminance, factors primarily dependent on
harqware, one would like to specify an ideal character with which to compare
available systems. The form of the character that allows the viewer to distin-
guish one from another is determined by character ratio, stroke width, matrix
size, font, case and visual angle. Figure 4 illustrates these character attri-
butes, their recommended values and representative variations. Character ratio
refers to the relationship between the gjdth and height and infers the square-
ness of the character. While the NAMEL( character set specifies a 1:1 ratio
(square), reduction to 2:3 may be made without any appreciable attenuation in
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Fig. 3: Character Oriented Display System Addressability

legibility (4v5). The optimum ratio of the width of each stroke used to form
a character to its overall height is given as 1:8 to 1:10 6,7). For self-
luminous characters, as found on S?T‘s, the thinner stroke is preferable due
to the phenomenon of irradiance (4). Tnis accounts for the apparent increase
in thickness of a line due to its brightness or contrast.

A minimum of 7 vertical matrix locations, or pixels,_ is reguired to re-
present most letters at a 90 percent recognition rate 6,7). A lesser number
results in a significant decrease in legibility, while an increase to more
than 10 achieves a corresponding increase in recognition to 95 percent. Given
a 5§ x 7 pixel matrix as a minimum, it has been found that fewer errors in
character recognitzg? result when a maximum number of pixels is used for the
character outline . Such considerations are very important, since most
vendors offer a user definable character set option that could be used to
rectify deficiencies in the standard set.

Character case has an effect on both performance and preference. Studies
indicate that upper caig,letters are more legible than lower case and are also
favored by the viewer J. Finally, to ensure legibility, the character height
must subtend a minimum-visual angle of 15-16 minutes of arc ?6). The degree of
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Fig. 4: Alphanumeric Character Attributes

subtension must be used as a unit of measure, since the viewing distance may
vary for different applications. Conversion to actual character height will
be discussed later.

One can immediately see that the pixel size has a great influence on the
legibility of the individual character., The stacking and arrangement of pixels
relative to one another determines all of the character attributes mentioned.
While actual character forms will vary with system manufacturer, the ideal
character described in Figure 4 will be assumed for the remainder of the dis-
cussion. Characters having these attributes will now be integrated into mean-
ingful groups to produce readable alphanumeric displays.
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ALPHANUMERIC DISPLAYS

Alphanumeric displays, by virtue of their purpose, tend to contain large
quantities of information. It is the designer's task to simplify the display
by giving the operator what he needs when he wants it. The designer must keep
in mind that the operator learns an? r?members, therefore, information about
the steady state is often redundant 10}, While a certain degree of redundancy
is necessary, the display must be optimized for change detection by the
operator. Only by careful consideration of such human factors can the man-
process interface be successful. The discussion of this category of displays
will follow a list of questions formulated during prior work 3). As shown in
Table I, four major areas of concern must be addressed: format, coding, density
and rate of change. Each area treats the alphanumeric display in progressively
greater detail to produce a readable presentation.

Format

The format of alphanumeric displays deals with the overall organization
of the presentation. Three questions must be answered before considering the
individual elements that comprise the display: printed versus flow chart form,
arrangement of information, and size of the display area. The majority of
alphanumeric displays are lists of messages and/or parameters. However, a sig-
gnificant number may involve procedures or guidelines for the operator to
follow in specific process control circumstances, such as startup or refueling.
Generally it has been found that people misunderstand printed instructions
one third of the time {the two-thirds comprehension rule). Under appropriate
conditions, significant improvement in comprehension can be achieved using a
flow chart scheme. By representing each step or decision in the instruction
sequence.as a separate process in the flow chart arr?ng§ment, operator compre-
hension can be increased to greater than 80 percent 11}, Therefore, if the
A/N display-is used for guidelines or procedures, one should seriously consider
organizing the steps in such a form.

_ TABLE I
GUIDING QUESTIONS FOR ALPHANUMERIC DISPLAYS

PRINTED VERSUS FLOWCHART FORM
ARRANGEMENT OF INFORMATION CATEGORIES
SIZE OF ACTIVE DISPLAY AREA

INDIVIDUAL VERSUS GENERIC LABELS
ESSENTIAL VERSUS NON-ESSENTIAL DATA
MULTIDIMENSIONAL CODING; COLOR, BLINK

FORMAT 1
’ 2.
3.
1.
2.
3.
DENSITY 1. NUMBER OF DISTINCT INFORMATION CATEGORIES, PLACEMENT
2.
3.
4.
1
2.

CODING

NUMBER OF LETTERS AND DIGITS
CHARACTER SIZE AND SPACING
WORD AND SENTENCE SIZE

CHANGE OF DATA WITHIN CATEGORIES
CHANGE OF CATEGORIES

RATE OF CHANGE
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This point is illustrated by Figures 5 and 6. The example deals with a
representative procedure the nuclear power plant operator must adhere to fol-
lowing a reactor trip. Figure 5 uses conventional printed instruction format
to guide the operator through the critical steps. While this traditional re-
presentation is adequate, given a sufficient amount of time, there is serious
potential for misunderstanding. Figure 6 may improve the comprehensibility of
these procedures by using the flow chart concept. The boxes to the right of
each branch signify the desirable condition, while the boxes to the left are
abnormal and require operator intervention. Although multiple pages are )
necessary to present the same procedure, search and comprehension times for
the entire procedure can be reduced.

If the content of the display is such that the flow chart technique is
not applicable, one is still not constrained to using a purely columnar orga-
nization. The neat lineup of each row of alphanumeric data found in standard
lists is valuable for comparison tasks, but adds to the confusion when informa-
tion is not related. An implicit line is (TETed on the screen by eye motion
as the operator scans a row of characters . If additional but dissimilar
data is placed on the same row, there is natural inclination to connect the
two groupings. Intelligent rearrangement can avoid such implications and
improve comprehension-{Figure 7). While still labeled an alphanumeric display,
the information categories are arranged functionally, Information categories
are defined as one or more related parameters grouped together. The path from
the 0i1 Lift Pump information category (comprising the related flow and pres-
sure) to the Main 0i1 Tank category (level and pressure) implies a functiona}l
relationship between categories but not between the constituent parameters.
Spacing and offset tends to interrupt eye movement to negate any implication
of interconnection across the screen.

L ]

ALL CER'S FULLY INSERTED? (AN TRIP IF NOT)
* REACTOR .PORER DECREASING?® _

* TURB TRIPPED & GEN BKR OPEN? (WAN TRIP IF NOT)

* ST GEN PRES AT 906 PSIA? "

* FDMTR FLOM REDUCED TO 5% FULL LOAD FLOM? \

* (I PRES TRIP ONLY) PZR PUR OPERATED RELIEF VLV OPEN?
* (LO STH GEN PRES ONLY) NS IS0 YLV SHUT?

* (HI CNTHNT PRES/LO PZR PRES ONLY) SAF INJ INITIATED?
+ (SIAS/4168Y BUS UND V) ENWER DIESEL GEN STARTED?

¢ THO RCP OPERATING?
PROPER PZR LYL BEING NRINTRINED? il(ﬂl CTRL IF NOT)

»

URIT LOADS XFRD TO RESERYE STR SYC XFMR?

»

Fig. 5: Procedures in Traditional List.Format
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Fig. 6: Procedures in Flow Chart Format
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BKSTOP OIL 138
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LEYEL 76 ’ . STRTOR 228
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FLon 5.00%!
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Fig. 7: Alphanumeric Display using Functional Format
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When explicit lines on the screen are required, such as alarm lists and
directories, each line forms its own information category as illustrated in
Figure 5. 'In this case interconnection is not only desirable, but necessary to
form the message string or sentence. Horizontal eye movement must be encouraged
by using appropriate spacing between constituent words. Vertical movement must
be discouraged by making the sentence a complete thought. More will We said on
this when placement within information categories is discussed.

The third point involving alphanumeric displays is that of active display
area. The usable display area has been defined in Figure 1. The question now
arises as to how much of this area should be covered with information. Margins,
forming "white space", have long been used in printed matter. But what con-
stitutes a margin on a CRT? If one extrapolates from accepted charting tech-
niques, an 11 percent margin should be allotted for the longer dimension and
a 20 percent margin for the shorter side (13 . Esthetics is another important,
but often overlooked, consideration. Since the operator must view the same set
of displays for an extended period of time, a pleasing display would also
enhance comprehension, Although it is difficult to quantify esthetics, initial
guidance may be obtained from the concept of the Golden Rectangle, which
specified a ratio of 0.618034 between active display area borders. This rela-
tionship is a naturally ocgurring phenomenon and appears to be preferred by
the majority of viewers(14), -

Thus the active disptay area should be a Golden Rectangle that allows
sufficient margin without violating the usable display area, A few simple
tomputations yield a suitable rectangle that meets all of these criteria. As
summarized in Table II, the spacified diagonal was used to compute the tube
size. The horizontal dimension was then reduced by 11 percent and the vertical
dimension computed using the golden ratio. The results were rounded to the
nearest half inch to define the active display area for representative
systems. As seen in Table II, an active display area of 13.5" x 8.5" pro-
vides sufficient margin for a 19-inch screen, approximates a golden rectangle
and still fits within the usable screen area. Naturally this is only a
starting point and may be violated if Tayout circumstances dictate.

TABLE II .
REPRESENTATIVE ACTIVE DISPLAY AREA SIZES

SPECIFIED COMPUTED SCREEN USABLE SCREEN ACTIVE DIS PL¢\Y) AREA 3

DIAGONAL  SIZE! (X x V) s1ze? Xp x Yy
10 80' x 6.0 - 736" x 5.0 7.0' x 45"
13" 10.4" x 7.8 957" x 7.18" 9.0" x 5.5"
B 12.0' x 9.0" 1.03" x 8.28" 10.5" x 6.5"
e B.6' x 10.2 12.50" x 9.39" 12.0'x 7.5"
19 B.2" x 114" 1.00'x 10.50° 135" x 85"

2 2 . 2
1 Xm + Ym {DIAGONAL)
Xm : Ym =4:3

2. FROMFIGURE 1

3 Xp = 089%, | ROUNDED TO THE
Yp = 0.618X, | NEAREST HALF INCH
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Coding

Coding deals with the representation of information categories on the
screen. For alphanumeric displays, the coding schemes are limited to characters
and perhaps color, blink and intensity, if available. The designer's main
concern is the effective portrayal of information using a minimum number of
characters to increase comprehension and decrease density. Various techniques
will be suggested that attempt to increase comprehension using the available
coding schemes. These techniques will have a direct impact on display density.

One effective coding technique is the use of generic labels, whenever
possible. This is particularly applicable within the context of information
categories, as illustrated in Figure 7. The text string MAIN OIL TANK qualifies
as a generic label for that category and has two sublabeis, level and pressure.
While the same information could be Tisted as MAIN OIL TANK LEVEL and MAIN OIL
TANK PRESSURE, the increased density does not add information and therefore
represents noise. Furthermore, the generic information category label tends to
link the sublabels together, since the sublabels themselves are not sufficient
for parameter definition. However, one must ensure that the generic label is
readily distinguishable and that the sublabel relationship is obvious; e.g.,
through proximity.

Once the information categories have been defined, the display must be
analyzed to place emphasis on the information, rather than the background. It
is apparent that labels and sublabels are non-information bearing if they do
not change their content during the 1ife of the display. This criterion dic-
tates that items such as dimensional units are also non-information bearing.
Alphanumeric displays are the easiest to analyze for classification as to in-
formation content, provided one keeps the change criterion in mind. Parameter
values that may vary qualify as information bearing; items that cannot change
are background, This will be slightly modified in subsequent paragraphs to ac-
count for alarm conditions when color is available.

Color coding is another technique that can be very beneficial when used
as a redundant code(3). Given a seven-color plus black capability, each color

must be assigned a specific purpose and used judiciously. Reference 3 details
the considerations used in making this assignment and Table III lists the

TABLE III

RECOMMENDED COLOR CODES FOR ALPHANUMERIC DISPLAYS

COLOR USE
BLACK BACKGROUND
BLUE LABELS, UNITS
PARAMETER VALUES
CYAN OPERATOR MESSAGES
STATUS WORDS
GREEN {oF, CLSD)
STATUS WORDS -
WHITE INTERMEDIATE
{ON, OPEN)
. - STATUS WORDS
RED {ON, OPEN)
YELLOW CAUTIONARY ALARM
ALARM - IMMEDIATE
MAGENTA ATTENTION REQUIRED
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standard colors and their associated conditions for alphanumeric displays.

As stated above, items such as units and labels are non-information bearing
and therefore are coded in blue, whereas parameter values use cyan. Since.

operator messages such as guidelines and directories are accessed for their
content, they too should be coded in cyan. Black is used as the background

color in all instances.

When the parameter value is a state rather than a numeric, the status
word should be coded in either green or red to match the state. An alternative
is to code the label in one of these colors and delete the status word entirely.
However, this negates the redundancy desired for color and alsoc puts unneces-
sary emphasis on certain components due to its label length, A valve whose
label happens to be longer than others would attract more attention by virtue
of length, which may not relate to its importance. The effects of such varia-
tions is minimized by using blue labels. Standard status words such as CLSD,
OPEN, ON and OF ensure equal treatment and redundancy with a minor increase
in density. When the state is intermediate to fully off and fully on (or closed
and open), the status words ON or OPEN should be used with the white color.
Additional information may be presented by using a lower intensity white to
indicate that the component is currently being maneuvered within the inter-
mediate state. A high intensity white would indicate that the component is
currently fixed at some point between the state extremes. Adding another coding
dimension, such as intensity, increases the information content without an
attendant increase in density.

Yhen a parameter on an alphanumeric display goes into the alarm state,
one should change the color of both the parameter value and label to either
yellow or magenta. This applies only to alphanumeric displays because of its
density. Such a technique will greatly improve search and comprehension times.
For a motor vibration alarm in Figure 7, the Tabel VIBRATION and its value
would be colored yellow so the operator can quickly differentiate which para-
meter is in alarm and its value. Labels at this time are information bearing.
Another coding dimension can be added here by enclosing the alarmed value in a
rectangle to reinforce the message. If the system also has a blink capability,
it is best to blink only a small portion of the message, such as the rectangle
or the value itself., Keep in mind, however, that it is difficult to read
characters that blink between full intensity and off. Ideally one should remove
the blink as soon as the search task is compiete and before the operator ac-
tually processes the information,

An additional coding recommendation involves indication to the operator
of continuation pages. Figure 6 rearranges the data of Figure 5 into flow chart
format, but requires more than one display page to complete the presentation.
The arrow in the lower right corner of Figure 6 indicates that more information
on this subject is found on "the next page." A number is used to maintain opera-
tor orientation within a series of such pages(15), Thus the operator should be
made aware of the continuation series and how far into the series he has gone
with the current display.

Density

The next level of detail to be addressed in Table I is the density of in-
dividual in ormation categories. Reference 3 determined that no more than 25
percent of the screen should be covered with data. The arrangement of con-
stituent parameters and the number of characters used are important aspects in
designing low density alphanumeric displays. The designer must determine the
intended use of the parameter for each category. If a comparison task is in-
tended for 1ike parameters, the tabular arrangement is preferred. The operator
can quickly compare digits without having to realize the actual values. The
temperature and flow values for the two 0il cooler Toops of Figure 7 illustrate
this point. The close proximity and columnar alignment of the two "85" numeric
c@aracter strings tell the operator that both temperatures are equal, With a
little more human processing, he may then realize that "85" is an acceptable
value. Tabular arrangement also allows patterns to be detected between 1ike
parameters, as seen by the decreasing temperature sequence of the Upper Jdournal,
Thrust, and Lower Journal Bearing entries of Figure 7. In all cases, parameter
[ab:]i.(gr sublabels) should be left justified and parameter values right
Justified.

. Since the columnar alignment is so applicable for comparison, one is
immediately tempted to deliberately avoid such alignment for dissimilar

48-721 0 - 79 - 13
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parameters within the information category. Returning again to Figure 7, why
not stagger the constituent parameters to emphasize non-comparison of unlike
parameters, such as the level and pressure for the main oil tank. Although -
this technique seems logical, it also destroys the orderiiness of the display
and makes it difficult to relate parameters to their information categories.
In summary then, while it may be effective to avoid the tabular arrangement
between information categories, it is best to use this arrangement for all
constituent parameters within the category, regardless of their similarity.

Arrangement of the constituents within information categories of tradi-
tional alphanumeric displays is equally as important. While the format of
Figure 5 may be improved using a flow chart format, the display as shown is a
good example of a traditional representation and illustrates some interesting
points. In this case, each line forms the individual information category,
and the words that comprise each line are the constituents. As a minimum, one
expects---perhaps erroneously---good sentence construction to dictate the
placement of words. It is interesting to note that while syntax is precisely
defined for computer input, Tittle is said about the structure of computer
output. Significant improvement in such output can be .made by merely adhering
to §ccepteq grammatical principles and accounting for what is known as the
serial position effect (16)., This effect states that words at the beginning
and end of message strings are more easily remembered {recalled) than the
) words betwegn the extremes. Comprehension and retention of a message can be
measurably.1ncreased by placing the most important words at these extremes.
The 11nes in Figure 5 are concise and descriptive, containing Tittle more than
a subject and verb. Lines 6-9 state a particular condition and then an action.
If the current situation does not match the stated condition, the operator
need not read further. Similar techniques can be used to advantage on alarm
lists, directories and other alphanumeric displays.

The next problem to be addressed in Table I is the number of letters and”
digits used within the information category. The numeric parameter value is
read with best accuracy when there are four characters or tess (3, 15). Since
the status words have already been defined (ON, OF, OPEN, CLSD) to meet this
criterion, the designer need only be concerned with numerics and Jabels. Values
that contain only integers pose little problem in that the maximum (9999) is
sufficiently large to account for most situations. Values having fractional
portions do cause some concern and can be displayed in modified scientific no-
tation. As illustrated by the oil 1ift pump flow value in Figure 7 (5.00%1),
the number of characters can be reduced without losing information by deleting
the 10 multiplier of standard scientific notation. Although 6 characters are
required, the representation is sufficiently compact so as not to cause un-
necessary confusion. When the exponent of this notation is zero (i.e., the
value is between 0.00 and 9.99), both the sign and the zero digit should be re-
moved to aid the cleanliness of the display. Consideration should also be given
to bianking values which read zero and leading zeros should always be suppress-
ed.

Determining the number of characters for labels is not quite as simple
due to the wide range of possibilities. Constituent parameter labels should
always contain fewer characters, preferably 5 or less, than their associated
information category label. Consistent and accepted abbreviations, such as
PRES arid TEMP, should also be used throughout, with all punctuation deleted (i.
e., PRES versus PRES.) (15). The number of characters used for the category
label should not exceed 12, but still must convey the informatioen to the opera-
tor. Accepted abbreviations, mnemonics and acronyms consistent with the data
base identifiers can be used to advantage in this case. If more than 12 charac-
ters are necessary, it is advisable to divide the string into smaller segments
or "chunks" (17) using space characters, providing the Tabel is amenable to such
division. Punctuation should also be minimized in the message string (15).

Character size is another consideration in this display category. Figure 8
jllustrates the relationship between character height and maximum recommended
reading distance. The criterion for legibility is taken from Figure 4, which
specifies a minimum visual angle of 16 minutes of arc. Since the character size
in linear units is dependent on the display generator used and its associated
pixel dimensions, the designer must perform a simple computation. Figure 8 then
gives him the related reading distance. If the operator is expected to read a
CRT message at a specified distance from the screen, the designer must use these
relations to ensure such reading is possible.
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Spacing is an important element that has a large impact on the readability
of alphanumeric message strings. The optimum intercharacter spacing is 75 per-
cent of the character width(18), This results in a round off value of 4 pixels
in the horizontal direction for the standard 5 x 7 character matrix. Care must
be exercised in using this value, since the addressability constraints of a
particular display system may not allow such spacing. Interline spacing is a
function of the information category. Within the category, the lines should be
more closely spaced to keep the data within the operator's span of attention.
Quoted values of 30-50 percent of character height(6 for printed text are
probably minimal for CRTs, due to the irradiance mentioned before. A value of
75 percent character height was chosen as the recommended interline spacing
within information categories. For the 5 x 7-dot matrix, this translates to 5
pixels or 71 percent of character height achievable. Varjous intercharacter
and interline spacings are shown in Figure 9. Blocks A, B and C have inter-
character spacings of 20 percent, 60 percent and 100 percent respectively
while blocks D, E and F have respective interline spacings of 100 percent, 71
percent and 28 percent. Blocks B and E are identical, each having ¥ntercharac-
ter spacings of 60 percent and interline spacings of 71 percent. These are the
best approximations achievable with the display system used.

Sufficient space should be allotted between categories to avoid encroache-
ment of one category on the span of attention of another. At 28 inches from a
19-inch CRT, the ideal distance between centers of adjacent information cate-
‘gories s .2.inches, representating a visual angle of 4 degrees. Here again,
one must use this value as an initial guide for the display in question, If the
display is a simple alphanumeric list such as a directory, vertical movement
Ts constrained by having explfcit lines. Hence, the interline spacing may adhere
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Fig. 9: Variations in intercharacter and interline spacing

to the 75 percent rule unless a greater distance is desired for emphasis. At
no time should the spacing be less than this amount,.

Rate of Change

Rate of change determines how often the information on the CRT should be
updated. In many instances the data base is modified at a very rapid rate.
While the operator needs the most recent information, computer processing speeds
are orders of magnitude greater than that of human processors. What does
"most recent" mean to a human? The human “now" or psychological present is a
time interval between 2.3 to 3.5 seconds{19). Hence, there is a point at which
one can saturate the human capacity by presenting data more quickly than it
can be comprehended.

On alphanumeric displays, saturation for a single parameter is reached
when the digits appear to “wheel,” i.e., change faster than the human can ad-
equately comprehend each discrete reading. This is an increasingly familiar
event, considering the proliferation of digital readouts in modern dispiay sys-
tems. Another factor to consider is the potential conflict with blink rates as
the values change. The display of rapidly changing values could cause the dis-
play to appear to blink if the update and blink rates are similar. To prevent
both these events, an—individual parameter update rate of 1 Hz or Tess is

ded. This allows sufficient human processing time between changes and
still provides recent information, within the response time of the operator.

While this 1-Hz rate is applicable for single parameters, one must be con-
cerned with the entire screen update as well. Each parameter update rate may
meet the stated criterion, but appear on the screen at slightly different times
to cause a twinkling effect which adds confusion. Assume the update rates of



193

parameters A, B, C and D are maintained at 1-Hz each, but sent from the com-
puter with time separations of 250 msec. The operators' attention would be
diverted from A to B to C to D, without allowing him to process each para-
meter. This twinkling can be alleviated by undating all the required para-
meters at the same time, no faster than once/second. This gives the operator
a static picture of the process within the last second, much like the blink of
an eye.
SUMMARY

Although alphanumeric CRT displays have been used to present computer-
generated information for many years, the design of such displays has been
left to the discretion of computer personnel with 1ittle guidance. It is the
operator who must use this information. His attributes, rather than the com-
puter's, must dictate the design. For the convenience of the display designer,
the recommendations concerning alphanumeric displays are summarized as follows:

- determine pixel size and evaluate character attributes according to
Figure 4

- consider the use of flow charts for procedures and guidetines

- avoid explicit or implicit lines when information is not related
- keep display density to less than 25 perceﬁt

- start with the Golden Rectangle

- use generic information category labels

- labels and units are non-information bearing; values are information
bearing

- apply the color code of Table III

- number continuation pages

- avoid columnar arrangements between information categories unless
comparison is desired; retain the columnar arrangement within cate-
gories regardiess of the task

- left justify labels, right justify values

- account for the serial position effect

- use 4 digits or less to represent numerical values; use the modified
scientific notation if fractions are necessary; suppress leading zeros

- information category labels should be limited to 12 characters; con-
stituent labels should not exceed § and be less than the associated
category label :

- character size should be chosen to subtend 16 minutes of arc at the
specified reading distance, Figure 8

- intefcharacter spacing of 75 percent character width and interline
spacing of 75 percent character height should be used within informa-
tion categories

- 4 degrees viewing angle spacing shouid be maintained between adjacent
information category centers

- update individual parameters no faster than once/second

- perform all required updates at the same time, within the one-second
rate.
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SUBCOMYITTEE ON ENERGY RESEARCH AND PRODUCTION
HEARINGS ON NUCLEAR POWER PLANT SAFETY
ADDITIONAL QUESTIONS FOR MR. M. LEVENSON

Is there a need for a “"Swat Team" composed of peop'lé ‘from industry, the
utilities, the NRC, etc.?

What are the advantages and disadvantages of standardizing the design of
nuclear power plants? : -

What would be the attitude of equipment manufacturers and plant constructors
to standardization?

Should there be a standard design for control rooms and for the layout of con-
trol room instrument and control panels?

Discuss and provide recommendations for means of using computers or microprof'
cessors to enhance the power plant operator's ability to recognize
abnormalities.

What design changes or procedural changes would you recommend to improve the
defense against lesser accidents that you mentioned in your testimony?

What are your recommendations for improving the safety of nuclear power
plants? .

What role should your institution play in improving nuclear power plant
safety?

List the research and development programs which you would recommend to im-
prove nuclear pawer plant safety.

Should the training of nuclear power plant operators be improved? List your
recommendations.

Should the control room operators be employed by the utility or should they
be employed by some other agency?

How can the performance of the NRC be improved?



