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MR. PARLER: Would you please raise your right hand,

Dr. Hanauer?

| Whereupon,

STEPHEN H. HANAUER

. was called as a witness and, having been first duly sworn,
i was examined and testified as follows:

EXAMINATION

BY MR. PARLER:

Q Please state your name for the record.
A Stephen H. Hanauer, H-a=-n-a-u-e-r.
Q Dr. Hanauer, I believe that you have already received

' a letter from Mr. Rogovin providing you with certain important
| information regarding your deposition.
MR. PARLER: I would like to mark as an exhibit 1130
| a photocopy of a letter which was sent to you.
(Whereupon, the dccument
referred to was narked
as Exhibit 1130 for
identification )
BY MR. PARLER:
Q I have given you a copy which I have marked for
identification as Exhibit 1130. Is this a photocopy of the
é.letter sent to you by the NRC TMI Special Tnquiry Group confirm-

ing your deposition here today under oath, Dr. Hanauer?




MPB/eb2 | A Yes, it is.
Q Have you read the document in full, sir?
A Yes.
®
Q Do you understand the information set forth in this

letter, including the general nature of the NRC TMI Special
Inquiry, your right to have an attorney present here today as
your representative, and the fact that the information you

provide here may e'ventually become public?

A Yes.
Q Dr. Hanauer, is counsel representing you personally
today?

A Off the record.

(Discussion off the record.)

Yes, I understand Mr. Dixon with the NRC General
| Counsel's office represents me personally, as well as the
agency.

Q Dr. Hanauer, you should be aware that the testimony
you give has the full force and effect as if you were testify-
ing in a court of law. My guestions and your responses are

being taken down and will later be transcribed. You will be

given the opportunity to loo'. at that transcript and make
changes that you deem necessary.

However, to the extent that your subsequent changes
| are significant, these changes may be viewed as affecting your

| credibility, so please be as complete and accurate as you can
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be in responding to my guestions.

If you at any point during the deposition don't under-
stand a question, please feel free to stop and indicate that,
and we will make the clarification at that time, going off the
record as need be for clarifications or for you to locate and

refer %o documents as necessary.

Okay?
A Yes.
Q I would like to suggest to you two basic groundrules

which I'm sure are familiar to you since your deposition has
been taken before, as I understand it. One is that you permit
me to finish my guestion before you give your response even if
you know what the question is going to be, because the Reporter
cannot take down both of us speaking at the same time.

Second, please respond audibly. Motions such as
nodding your head cannot be taken down by the Reporter.

Did you bring a copy of ycur resume with you,
Dr. Hanauer?

A Yes.

MR. PARLER: I would like to mark for identification
as Exhibit --

THE WITNESS: Off the record.

(Discussion off the record.)

MR. PARLER: Back on the record.

I would like to mark for identification as Exhibit
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1131 a copy of a cne-page biographical sketch entitled
“Dr. Stephen H. Hanauer, 1979."
(Whereupon, the document

referred to was marked

as Exhibitj131 for

identification.)
BY MR. PARLER:

Q Dr. Hanauer, does this document which I have marked
as Exhibit 1131 for identification, dces this accurately
summarize your educational and employment background?

A Yes.

Q What is your current position in the Nuclear Regula-
tory Commission, Dr. Hanauer?

A Director, Unresolved Safety Issues Program, Office of
Nuclear Reactor Regulation.

Q What was your position in the Nuclear Regulatory

| Commission on, say, March 30th, 19792

A Assistant Director for Plant Systems, Division of
System Safety, Office of Nuclear Reactor Regulaticn.

Q In the position that you occupied on March 30th,
1979, how many people approximately reported tc you?

A 45.

Q And what generally were your responsibilities, sir,

in that position?

- I supervised three specialized branches: Instrumentation
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and Control Sys =ms, Power Systems, and Auvxiliary Systems, and
the review of license applications for construction permits and

operating licenses.

Q Dr. Hanauer, to whom did you report in that position?

A Dr. Roger Mattson, Director cf the Division of System
Safety.

Q In your present position, sir, approximately how many

people are involved under you?

A This answer has to be more complicated. I have super-
vision over 20 task groups for the 19 unresolved safety issues,
and one other issue considered to be very important. These
efforts involve upwards of 50 pecple who, however, report
directly to their line supervision as well as participating in
the task groups under my supervision.

Q For the purpose of the record, at this point would
you mention the one other thing in addition to the 19 I believe
issues that you said you were concerned with?

A Issue B6, load combinations.

Q Which generally, without going into details, is con-
cerned with what?

A It's concerned with the methods of combining struc-
tural response to the loads imposed by different events which
could occur concurrently such as earthquakes and accidents of
other kinds.

Q Dr. Hanauer, in your current position, to whom do you



A Mr. Harold Denton, head of the Office of Nuclear

L]

3 | Reactor Regulation.

’ »

lﬁ Q Dr. Hanauer, we have your resume but I would like to
| 3

S] go over some of the points that are made in that resume for

61 the purpose of the record at this point.

7} Would you, for the record, state your educational
|
8 | background, please, Dr. Hanauer?

A I have bachelor's and master's degrees in electrical

10: engineering, and a Ph. D. in physics.
Hil Q Now prior to joining the Nuclear Regulatory Commission,
12| what was your employment background? I gather that in the

. 13 ” 1950s you were employed at the Oak Ridge National Laboratory.

If that is correct, sir, would you so indicate and state for

w

|

E the record generally what that employment history involved?

l A Well, as stated in my biographical sketch, I was

|

17 || employed from 1950 to 1965 at the Oak Ridge National Laboratory.
18 || During almost all of that time I was involved in reactor in-

19 | strumentation and cuntrol in various capacities: designing

20 | systems, developing and testing components, establishing safety

21J and operating requirements.

And during the last five years I supervised the

23| group that was charged with developing reactor instrumentation
l

24 | of different kinds and for new purposes.

Q During that period were you issued any patents,



Dr. Hanauer?

A Yes, one.
Q Was that in the area that you just described?

A Yes, it was for a system for automatic reactor start-

Q And then after your employment at the Oak Ridge
; National Laboratory, then you moved into the academic world.
Is that true, sir?
A That is correct. I was professor of Nuclear Engineer-
ing at the University of Tennessee from 1965 to 1970.
Q During that period of time I gather that you were also
a member of the Atomi. Energy Commission's Advisory Committee
| on Reactor Safeguards. Is that correct, sir?
A That is correct.
Q That was for a period of what, about five years?
A About five years.
Q And during that period you served as the Chairman of
| the Advisory Committee on Reactor Safeguards, and also the Vice
| Chairman of the Advisory Committee on Reactor Safeguards. Is

}that correct, sir?

A That's correct. I was Vice Chairman for calendar

year 1968, and Chairman for calendar year 1969.

Q You also were employed with the United States Atomic
' Energy Commission after your tour ended as a member of the

| Advisory Committee on Reactor Safeguards. Is that correct?
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A More or less. I accepted full-time employment with
the Atomic Energy Commission in June, 1970, and resigned from
the Advisory Committee on Reactor Safeguards when I took up
full employment. The two activities were not compatible.

Q What was your first position with the Atomic Energy

Commission, please, Dr. Hanauer?

A I was technical advisor (o the LCirector of Regulat:on.
Q And you held that position for how long, sir?
A In substance, for nine years; in name for approxi-

mately two years. When Mr., Muntzing because Director of Regula-

tion the title of the position was changed toc Director of the

Office of Technical Advisor. This name persisted until the

termination of the Atomic Energy Commission in January, ;975.
When the Nuclear Regulatnry Commi=eicn was

formed, I was appointed to an essentially identical position

as technical advisor to the Executive Director of Operations.

Q What, generally, were your responsibilities as
technical advisor to the Director of Regulation of the Atomic
Energy Commission?

A I was to provide counsel on technical matters to the
Executive Director. This involved a degree of cognizance and
surveillance of all the technical activities and, in particular,
the technical problems of the then regulatory staff of the
Atomic Energy Commission.

I was principally directed and interested toward
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reactor safety prc'iems, but did get involved in some of the
others as appropriate. I performed investigations; I chaired
test groups; I participated in wvarious studies and made
recommendations to the Director of Regulation and to cther
management and organization units of the regulatory staff and
on occasion, to the Commission.

Q Your responsibilities were essentially the same, or
were they changed when you headed the Office of Technical
Advisor which was established by Mr. Muntzing?

A They were essentially the same. They were somewhat
broadened in that a small technical staff was included and
somewhat later, the Applied Statistics Branch was added to my
responsibilities. But the over-all duties could be described
in pretty much the same terms.

Q Now from January, 1975, when the Nuclear Regulatory
Commission was created, until some time in 1978, when you
assumed your position as the Assistant Director for Plant
Systoms in the Division of Systes Safety, Dr. Hanauer, you
have said that you were the technical advisor to the Nuclear
Regulatory Commission's Executive Director for Operations. Is
that correct, sir?

A That is correct.

Q And your duties in that position, were they essen-
tially the same as you have already described?

A That is correct.
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MR. PARLER: Off the record.
(Discussion off the record.)

MR. PARLER: Back on the record.
BY MR. PARLER:

Q With the details that have been given in your resume,
Dr. Hanauer, that you have elaborated on in response tc my
questions, I think it is fair to say that you have had long
experience with the -- just about every aspect of the regulatory
process of the Nuclear Regulatory Commission and its predecessor.
Is that correct, sir?

A That's correct, except that I've not participated in
any licensing hearings. I have participated in one rule-making
hearing.

Q - You have had the opportunity, though, in positions
of responsibility to observe the licensing and regulatory
process from the perspective of the Advisory Committee on
Reactor Safeguards, from the perspective of a senior position,
advising the Atomic Energy Commission's Director of Regulation,
the Nuclear Regulatory Commission's Executive Director for
Operat.ons, and also now in a responsible line position in the
Division of Syster Safety. 1Is that correct, sir?

A That's correct.

Q So you have been in a position over the years so
that you are familiar with and perhaps have been an important

part of the development of licensing and regulatory policy. Is
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that correct, sir?

A Yes.

MR. PARLER: Off the record.
(Discussion off the record.)

MR, PARLER: Back on the record.
BY MR. PARLER:

Q Dr. Hanauer, during your service on the Advisory
Committee on Reactor Safeguards, were you involved in the
Advisory Committee on Reactor Safeguards' review of the Three
Mile Island Nuclear Station, Unit Number 2?

A Yes.

MR. PARLER: I will mark for identification as
Exhibit 1132 a letter dated July 17, 1969, to The Honorable
Glen T. Seaborg, U. S. Atomic Energy Commission, Subject:
Report on Three Mile Island Nuclear Station, Unit Number 2.
This letter was signed by Dr. Stephen H. Hanauer, who was then
the Chairman of the Advisory Committee on Reactor Safeguards.
(Whereupon, the document
referred to was marked
as Exhibit 1132 for
identification.)
BY MR. PARLER:
Q I hand you a copy of this letter, Dr. Hanauer.
(Document handed to the witness.)

Have you had the occasion in recent months to re-read
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this latter to refresh your recollection?

A No.

Q I wonder if you'd mind doing so. What I would like
to do is to see now, over a decade ago, at least this part of
the process worked to identify things which appeared to be of
safety significance about this plant at its construction permit
stage.

A Off the record.

(Discussion off the record.)

BY MR. PARLER:

Q What were the concerns, if any, at the construction
permit stage of Three Mile Island, and were the concerns
expressed in the letter dated July 17, 1969, which has been
marked as Exhibit 11322

A Well, in direct answer I will have to say that I no
longer remember in any detail the concerns on this particular
plant, but they are embodied in the report of the Committee,
Exhibit 1132. In general, the ACRS does not conduct a com-
plete, detailed review of each plant, but identifies two
sorts of concerns for each of its reviews.

One is any particular feature of the individual plant
which the Committee believes warrants its looking into. And
the second is to use the successive plants to make progress and
improvements in areas of safety of general concern to the

Committee at that particular time.
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Viewed in that context one can read the 12 technical
paragraphs of this report to -- I'm sorry, correction =-- 1l
technical paragraphs of this report and recall, based on this
letter, the underlying concerns, paragraph by paragraph.

The first technical paragraph which is the second
paragraph of the letter relates to the Three Mile Island site
which is near an airport, and for which, just as Unit 1 2n
this site, hardening was required for postulated aircraft
crashes.

The second technical paragraph relates Three Mile
Island Unit 2 to Three Mile Island Unit 1 in a fairly general
way and states the Committee's belief that resolution of
generic matters applicable to Unit 2 should be pursued.

Off the record.

MR. PARLER: Off the record.

(D..scussion off the record.)

MR. PARLER: Back on the record.

THE WITNESS: The following paragraphs consider a
number of technical matters related to this particular plant.
I will only enumerate them and we can go on.

The third paragraph discusses the design basis flood.

The fourth paragraph discusses the design of the
containment and in particular the grouted tendons in the pre-
stressed containment design.

The next paragraph discusses the containment spray
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chemical additive to improve iodine removal.

The next paragraph discusses the possibility of
hydrogen buildup in the containment.

BY MR. PARLER:

Q Dr. Hanauer, at that point, recognizing that this
record that we are making here some day may be read by laymen,
and also understanding that I am a layman asking you, the
expert, the question, in view of the ref~rence in the paragraph
that you just alluded to, to hydrogen buildup from various
sources in the unlikely event of a loss-of-coolant accident
and the fact that that issue was considered over a decade ago,
why would it appear that at the Three Mile Island accident that
there was the concern about-- The hydrogen issue there was
apparently a novel concern and an unexpected concern. In
other words, could you try to relate the hydrogen buildup issue
here in this letter to the hydrogen issue which presumably
was involved in the Three Mile Island 2 accident?

A Yes.

The concern in the ACRS report related to hydrogen
buildup -- generation rather than buildup. hydrogen generation
from the chemical reaction of the Zircaloy fuel cladding and
water or steam in the core in the event that the core would be
overheated. This hydrogen generation is a fact of nature. The
chemical reacti-n rate is strongly dependent upon the tempera-

ture.
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The concern that the ACRS was dealing with in 1969
was the amount of hydrogen that could be built up in the con-
tainment and the possibility of the reaction of this hydrogen
with the oxygen in _he air in the containment atmosphere.

Two concerns related to hydrogen actually occurred
in the Three Mile Island accident in 1979. The first one
chronologically was almost precisely as predicted in 1969. The
core did become overheated. The chamical reaction between the
Zircaloy and water did take place. A large amount of hydrogen
was genera ®d. This hydrogen did escape to the containment
and the pressure spike in the containment is universally be-
lieved to be evidence that the hydrogen and the oxygen did
combine chemically to release a substantial amount of energy.

The second hydrogen concern in the Three Mile Island
accident related to the buildup of hydrogen gas inside the pri-
mary system and was not foreseen in the ACRS or other reviews
ten years ago.

Q Do you have anything else to add about the other
technical paragraphs in the letter? In other words, continue
as you were before I interrupted you to ask the guestion about
the hydrogen.

A Yes, I'll go through them briefly one by one.

Q Briefly.

A The next paragraph relates to the instrumentation of

the reactor for the potential for common failure mcdes, and the
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consequences of interconnecting the control and safety instru-
mentation.

The nex*t paragraph relates to possible failure of
the scram system during anticipated transients, the so-called
ATWS 1issue.

The next paragraph relates to vibration or loose
parts in the reactor system during op2ration and means for
detecting this anomaly if it should occur.

The next paragraph relates to long-term viability of
the emergency core cooling system after the postulated loss-
of-coolant accident.

And the final technical paragraph relates to the
design, inspection, and integrity of the fly wheels on the main
coolant pumps.

Q Good.

Some people are under the impression or may be under
the immpression that the regulatory process, vendors, the ACRS
in past years did not consider, perhaps at all, small break
LOCA analysis. Would that be a correct understanding? 1In other
words, was it not considered at all? Or is there something
else that is involved about the -- Maybe the small break LOCA
analyses were considered but there are questions that later on
have come w.p about the adequacy of the consideration?

A The small break LOCA was included in the considera-

tion of loss-of-coolant accidents and emergency core cooling
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requirements. It is included in the ECCS rule, 10 CFR 50.46

and 10 CFR 50, Appendix K.

However, the great difficulty in delineating the
large loss-of-coolant accident led to an unjustified compla-
cency that the small break was well in hand, that the models
used to calculate the course and consequences of small-break
accidents did not require anything like the degree of attention
that these same matters occupied for large breaks.

I think the consideration of small breaks since the
Three Mile Island accident has shown that they received in-
adequate attention before the accident.

v Dr. Hanauer, I have a letter dated October 22nd,
1976, from Dade W. Moeller, who was the Chairman of the Ad-
visory Committee on Reactor Safeguards. The letter is to The
Honorable Marcus J, Rowden who was then the Chairman of the
Nu lear Regulatory Commission, Subject: Report on Three Mile
Island Nuclear Station, Unit Number 2.

MR. PARLER: This is a letter which I will mark for
identification as Exhibit 1733, It's the ACRS letter on Three
Mile Island at the operating license stage.

(Whereupon, the document
referred to was marked
as Exhibit 1133 for
identification.)

BY MR. PARLFR:
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Q Dr. Hanauer, I realize of course that in 1976 you
were not on the ACRS.
1 will show you the letter, however for a different
purpose.
(Document handed to the witness.)

Again, looking back to your days and yeers on the

ACRS, could you tell me from your experience how the Committee

relates or follows up on what its views are as expressed in

its letter at the construction permit stage of a plant, how

those things have been treated or are treated at the operating
license stage?

A When the Committee reviews an application for an
oper ting license it's a number of years, in this case seven
years, after the Committee has reviewed the application for a
construction permit. During this time it is reasonable to
suppose that the problems in the forefront of the Committee's
consideration are quite different from the ones that had
occupied it seven years earlier.

The Committee always looks at its construction permit
letter when it issues a report on the operating license applica-
tion. But in general, the problems that appear to the Committee
at the operating license stage are rather different. This is
not always the case.

For example, the operat. i1g license report, Exhibit

1133 contains a paragraph related to anticipated transients



i

20 |
21|
®

li

{
ol

24 |
Ace-Federal Reporters Inc.

25 |

1

21

without scram, an issue that was in the construction permit
report.

There's a paragraph about the design basis flood in
the operating license letter, although the emphasis is on the
plans rather than the definition of the flood itself.

There is a paragraph on post-accident »peration with
somewhat different emphasis than the paragraph on the same
subject in the construction permit review.

There is a paragraph related to the resolution of
generic issues which is somewhat different in characte. th” .
that in the construction permit review, reflecting the passage
of seven years.

And the rest of the four-page operating license
Committee review relates to problems not included in the con-
struction permit review. Part of this is the change in Commit-
tee focus onto current problems and the resolution of the ones
that had been current seven years previously.

Part of it is the change in focus from a construction
permit perspective to an operating license perspective in
which the plant has been designed and constructed and operating
procedural and management questions become more immediate
concerns than they were seven years previously.

Q Dr. Hanauer, I'd like to ask you a very general ques-
tion. This questic.: also is asked to you in the ACRS <ontext

and that is if you would try to recall a decade or so ago when
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you were on that Committee.

How did the Committee, the Advisory Committee on
Reactor Safeguards during your time on that Committee go about
establishing the importance of things which that Committee
thought shculd be emphasized for purposes of protecting the
public health and safety?

A This was determined partly by the individual and the
collective judgments of the Committee members, tempered by the
judgment of the Staff as shown by the issues they would em-
phasize in their reviews, and the guestions and problems they
would explicitly refer to the Committee for its advice.

We had at that time no guantitative probabilistic
framework to use in establishing the relative importance,
priority risk contribution of various technical issues we were
dealing with, and so we used our judgment.

Q Incidentally, Dr. Hanauer, can you recall now whether
the integrated control system of the B&W plants was looked at,
considered by the ACRS during these later years in the 1960s
in the review of Three Mile Island and Oconee?

A The integrated control system did not have its
present form at that time. An earlier version was available
and there were of course control systems on the earlier Babcock
and Wilcox plants.

Control and instrumentation systems is an area where

I've done a great deal of professional work myself and so I



23

MPB/eb2l ‘; would rather naturally tend to pay attention to them.
2. At that time, however, and until quite recently it
3f was generally believed, and I believed, that control systems

|
4| merited a somewhat lesser emphas.s in a safety review, that

5| although control systems were very important to the reliable

o

and economical operation of the plant and it was recognized

|
7£ that control system failure could initiate the need for protec-

8| tion system acwion, it was not believed necessary to study the
9} details of control system design and performance.

; .
10 ! I still believe that this is largely true although

it is clear from the Three Mile Island accident and many other
‘2i things that the almost total neglect of control systems in
. 13| safety review was probably not the right thing to do and that

14| more attention should have been paid to it.

15 MR. PARLER: Off the record.
I

‘6% (Discussion off the record.)

‘7ﬁ MR. PARLER: Back on the record.

‘8i! I have handed to Dr. Hanauer a document which I will

91 mark for identification as Exhibit 1134.

20} (Whereupon, the document

21h referred to was marked
. 22 %g as Exhibit 1134 for

23“ identification.)

245 MR. PARLER: This document is entitled "A Report to

Ace-Feceral Reporters, Inc.
25| the Atomic Enercy Commission on the Reactor Licensing Program

|
|
|
i
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by the Internal Study Group, June 1963." The words that I have
given are on the cover page of this document.
BY MR. PARLER:

Q Dr. Hanauer, it's my understanding that the document

that I have given to you is a study under the chairmanship of

Harold G. Mangelsdorf who was then a member of the ACRS, and
that you as a member of the ACRS, indeed the Chairman of the
ACRS, participated in that study. Is that correct, sir?

A That's correct.

Q Could you tell me generally what your recollection
is that the purpose of this study was? That is the question,
but lat me add a couple of thoughts to it that would give the
guestion better perspective.

I think that we are familiar with any number of
studies that have been conducted over the years to look at the
efficiency of the licensing process, improving the schedules,
et cetera. It is my understanding that this study which has
come to be referred to I believe as the Mangelsdorf study,
that one of his main purvoses was to focus on the technical
review part of the licensing process, in other words, the
quality of the technical review.

I'll ask the guestion again: Is that the main pur-
pose that you recall of this study, or if not, could you please
describe generally the purpose of the study as you recall it?

A That's my understanding, and that was the charter of
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the panel as given by the Commission.

Q Irncidentally, Dr. Hanauer, do you recall any similar
studies that had, say, been chartered by the NRC ACRS -- simi-
lar in-depth studies of the technical review process, or is the
Mangelsdorf study one that, to some extent at least, stands
alone?

A There have been others. The so-called Denton study
included a searching corsideration of many aspects of the
technical review process and how it could be improved. The
recommendations were procedural in form, but the objective was
the same, to improve and technical review and also the effi-
ciency of this review.

Q So the Denton report, which I believe was issued in
the late spring or early summer of 1977, and the Mangelsdorf
report, which was issued to the Atomic Energy Commission in
1969, are the two studies which stand out in your mind as being
the more thorough studies dealing with the quality of the
technical review. Is that correct, sir?

A That's correct. They had somewhat different emphases
but they dealt in this way.

Q Now I have reviewed this document, the Mangelsdorf
study, Dr. Hanauer, and it would appear that some of the con-
clusions and recommendations of that study were not only per-
tinent then but they remain pertinent today. If you don't mind,

I would like to refer you to a number of them and ask for your



MPB/eb24 | comments on them in the vein of where things stood, s&y, at
the time these recommendations were made and where things stand

now.

. | I realize it has been a long time since you partici-

pated in the study.
Incidentally, have you had occasion to review this
report recently?

A No.

Q Well, then the record should reflect that, and also
that some of the discussion, your responses, would have to be
understandably general, or maybe you wouldn't have any comment
to make at all on any of these things.

Could we proceed on that basis?

14 A Yes.

15 MR. DIXON: Off the record.

16 (Discussion off the record.)

17 | MR. DIXON: Back on the record.

18” BY MR. PARLER: L
19? Q On page 8 of the Mangelsdorf study, cne of its first

20| recommendations had to do with the development of regulatory

|
21” criteria and standards relating to safety and, among other

‘ 22 1« things, the study pointed out that:-
23@ "While more technical information is needed
24f before the development of comprehensive regulatory

Ace-Fectersl Reporters, Inc.
as || criteria can be completed, the group believes that



B/eb25 1]

10

11

12

14 |

16

17 |

18 |

19

21|

» 22

23

24

Ace-Fecderal Reporters, Inc,

25

!
|
|

"
1
)
!
i

I

|
i

i

27

the basic organizational structure and technical
capability for developing the needed industry safet:
codes and standards already exists.”

A Where are you reading from?

Q I'm reading from page 10.

Do you have any general comment on the adequacy of
regulatory standards, regulatory criteria and standards relat-
inc to safety? Are these things woefully inadequate, adequate,
more than adequate? In other words a comment in that context?

A Well, since 1969, we've seen the following series of
events:

First we've had the general design criteria, 10 CFR
50, Appendix A.

Then we've had a series of over 150 guides related
to reactor safety review, as well as a large number on other
subjects.

We've had the development of a large number of con-
sensus standards, incorrectly called here and elsewhere indus-
try standards, promulgated principally by the technical
engineering societies and the American National Standards In-
stitute.

We've had the development of the standard formats
and contents of Safety Analysis Reports.

We've had the development and implementation of the

several-thousand-page Standard Review Plan.
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So that in fact there has been what I would charac-
terize as an enormous increase compared to 1969 in the amount
of regulatory criteria and standards relating to reactor
safety.

I think this has been a large step forward in the
effectiveness as well as the efficiency of the technical re-
view of reactor safety, and that we were right in 1969 to call
for the development of this body of standardization documents.

Q So there has been nrogress, considerable progress?

A Oh, yes. I wouldn't want to imply that it was per-
fect or that nothing else is needed, but there has been a
revolution in the amount of guidance and standardization avail-
able to the designer and the safety reviewer since 1969.

Q Now if you would turn to the second area that is
dealt with in the Mangelsdorf report on page 12? The title of
that recommendation is "Differing Views on Reactor Safety
Requirements.” I'm reading f{rom the top of page 12 now, for
the record, Of course you're reading it yourself.

"There are differences of opinion on the

degree of reliance that should be placed on the reactor

system itself and on engineered safety features, the

number of such features required and the kinds of
failures to be considered. There are differences of
opinion on whether and to what extent trade-offs can

be made on the various safety elemenc.:."



MPB/eb27

—

(SN}

& N

~

12|

14

16

18 |

19

20

21

23

24 |
Ace-Fecersl Reporters, Inc.
25

15

29

THen on this page the recommendation apparently is
that:
"The Commission should adopt a policy that

the greatest emphasis and priority be placed on the

application of quality assurance to the design, con-

struction and operation of nuclear plants so as to
achieve the exacting level of safety required.”
Take your time to read the page but after you do so,
Dr. Hanauer, I wonder if you would comment on this particular
recommendation.

A Yes. There are several currents of thought embodied
here. There was at that time a strong attack against the
principle of defense in depth and the apparently inconsistency
and, in many cases actually inconsistency to requirements which
resulted. Commissioner Ramey and Mr. Shaw, who was head of
the Division of Reactor Development and Technology, both ex-
pressed the belief that the entire or nearly the entire re-
liance on safety should be placed on doing the job right in the
first place, and the guality assurance program that goes along
with it, and deprecated including improbable accidents as part
of the defense in depth.

This section is a response to that. The panel's
response was to acknowledge and even emphasize the value and
necessity of a quality assurance program which at that time

was not well delineated and was not embodied in the Commission's
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regulations.

But at the same time, the panel did not agree wi*h
the point of view that the defense in depth, the redundancy,
the hypothesis of severe design basis accidents was unneces-
sary and overconservative. And this is the reason for the
discussion of differing views in this section.

Q All right.

Do you believe that this recommendation that the

greatest emphasis and priority be placed on the application of

quality assurance, that that policy, that is, emphasizing

. quality assurance, has been adequately reflected in the regu-

latory program of the Nuclear Regulatory Commission? Does
quality assurance get the priority attention it deserves in the
regulatory program?

A Perhaps more than it deserves. I think the pendulum
has perhaps swung too far and that a very large mountain of
quality assurance documents is taken to be compliance with
the spirit of this and other discussions of ‘he overriding
necessity for adequate guality assurance.

If one views quality assurance in the broadest sense
as we were perhaps doing on the Mangelsdorf panel ten years
ago, then my opinion would be unchanged, that guality assurance
in design, construction and operation of nuclear power plants
is essential, in particular in the owner's program to design,

construct and operate the plant in a safe way.
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B/eb29 lﬁ Just as the Nuclear Regulatory Commission can't look
2/l at everytring, the owner can't look at everything either and
3t has to have in place a detailed quality assurance program that
4 does look at everything.
5 | On the other hand, if you will look at the failures
6 and mistakes that add up to the Three Mile Island accident,
you have to say that only in the broadest view do they repre-
33 sent cuality assurance failures in the sense that a perfect
9 quality assurance program would catch all mistakes and all
1C errors.
t The procedures at Three Mile Island, for example,
|
12% made it easy for the operators to make some of the mistakes
. 13? which they made, which created and aggravated the accident.
14| The procedure for testing the auxiliary feedwater system niade

15 it easy to leave it turned off. And the procedure for manipu-

16!! lating the high pressure injection system made i% easy to turn

it off when the pressurizer level instruments showed the

pressure to be full and implied an inappropriate inference that '
19| the reactor was full.

Therefore, I would have to say that one can only

could to a certain degree on a quallity assurance program and

'. 22

l that I don't think I would write the system just the same today,
23.3 the section the same today, although the opinions in it, taken
|

| one by one, I still subscribe to.
Ace-Fecersl Reporters Inc. |
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Mangelsdorf report is on page 16. Safety research is related
to the licensing of power reactors. It would appear that at
least to some extent the discussion -- the emphasis was on the
research that is associated with the construction permit and
that needs to be completed prior to the issuance of the operat-
ing license.

Beyond that there was perhaps some more general dis-
cussion of safety research for power reactors.

Do you want to read this section to refresh your
memory about this section, Dr. Hanauer?

B I'm doing it as you go along.

Q Okay. Why don't you just take your time and look at
it.

(Witness reviewing document.)

RN All right.

Q Well, there has been some concerr expressed over the
years about the adequacy of the research program for licensed
commercial nuclear power reactors, what the government's role
should be, what the industry's role should be, et cetera.

Now I gather that sort of thing is also covered in
this recommendation. Is that right?

A This recommendation was born out of frustration. The
AEC's safety research program was demonstrably inadequate and
unresponsive to the needs of the ACRS and the regulatory staff

during this period. There's a large number of ACRS reports to
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MPB/eb3l 1| the Chairman of the AEC in which a large number of recommenda-
2|/ tions were made on safety research, a large fraction of which
33 were not implemented by the Atomic Energy Commission.

. 4 ‘t That situation persisted until the formation of the
5 Reactor Safety Research Division in the AEC under Dr. Ray's

6| chairmanship.

7i The point of this section in the report is in Item

8! 3 on the top of page 17, which I will read into the record.
9;3 "I1f necessary, research programs are not
10 being conducted or are not sufficiently responsive

1" to the identified needs. Alternative courses of action

12i should be developed and implemented by the AEC and the
. 13 ‘ nuclear industry."
14 | This recommendation was not implemented for several

15| years after it was made.

16 | Q All right,
I7Y I also note, Dr. Hanauer, on the next page of this
18{ report, page 18, there is a statement, and the statement of
|
19 || course was made in 1969, that:
I
20 | "Most of the present safety research effort
21{ is directed toward providing information concerning
. 22 |l potential accidents having very low probabilities of
|
23 occurrence."”
I
24 | Did that direction or that emphasis continue there-
Ace-Federsl Reporters, Inc. |
254 after for a number of years?
il
|
I
!
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MPB/eb32 1 A Yes, it did, but the program was not adequate in
2|/l scope or intensity so that to say "Most of the present effort”
3 is not to imply that too much of such effort was being directed
. 4 ': toward low-probability accidents. At this time the effort,
5: althcugh substantially more than zero, was inadequate in a
61 number of resvects and in particular, the LOFT program was in
7 fact going nowhere.
B;i However, the Semiscale program and the Separate
|
9l Effects program initiated during this period provided the basis
106 for the 1971 Interim Acceptance Criteria on emergency core
|
“{ cooling systems which would not have been possible without the
l
l2i programs initiated during this late 1960s period.
. 13 :[ Q The next recommendation, Dr. Hanauer, is on page 21,
143 relative emphasis on large and small accidents.
1sf Over a decade later, I gather that's still a topic
16‘l of discussion, certainly after March 28th, '79. After you've
I
17§ taken your time to review this section, would you care to
18%* comment on that, please, sir?
195; A Yes.
20: Q Comment on the recommendations.
Ziﬂ A The recommendations again were considering several
a
. 22 ‘% points of view. One of them current at that time in the
I
23& development part of the Atomic Energy Commission was that the
|

24| large improbable accidents should not be considered any further.
Ace-Feceral Reporters, Inc.
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discussion of gquality assurance and defense in depth.

So that the first recommendation of the panel that
these large accidents should remain, and the second recommenda- |
tion that the large accidents should not be deleted stem from
this pressure to reduce the effort in large accidents which,

I remind you, at that time had not been delineated by adegquate
research programs.

There is also a brief comment that smaller accidents
must also be included. And I must say that in view of the
pressure to delete the large accidents, the emphasis in the
panel's report was on retaining them.

However, on page 24 is a discussion of smaller, more
probable accidents which is representative of the amount of
attention they got then and for many years thereafter, they
were not entirely neglected but were considered to be suffi-
ciently easier and simpler to deal with that they didn't
occupy much of our time.

Q Okay.

The next recommendation is on page 25, guantification
of safety. That need was pointed out from time to time,
if my recollection is correct. Shortly after March the 28th,
'79, the Chairman of the ACRS or its Executive Director sent
to the Commission a very brief one-paragraph letter which made

essentially the same recommendation, that there is a need to

better quantify safety.
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But with regard to the particular recommendation of
the Mangelsdorf committee, after you've refreshed your recol-
lection, maybe you would have some comment on what the recom-
mendation was or what progress has been made.

A This area has been transformed since 1969 by the
technical activities that culminated in the Reactor Safety
Study, the Lewis Report, and the Commission Policy Statement
on Quantitative Risk Assessment.

One of the members of the Mangelsdorf panel believed
that this type of evaluation, quantitative evaluation, was
possible in 1969, but the rest of the panel strongly dis-
agreed. And so we have recommendation one, that the risk to
the public cannot now be meaningfully expressed in numerical
terms, plus some'merely general recommendations that work
should continue in this area.

I don't believe that I interpret the recent ACRS
recommendation the same way you do. As I read this recom-
mendation, it's to take an additional step beyond the Reactor

Safety Study and to establish guantitative safety goals to be

used as a yardstick in the reactor licensing process which, in

general, we dc ..ot now do.

So there has been a great step forward in the

|

quantification of safety, and the ACRS has now recormmended that

a next large step be taken.

MR. PARLER: For the record, Dr. Hanauer's

|
|
{
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WRB/eb35 1i interpretation of the ACRS letter that he has just stated was
22 my own interpretation of that letter, I didn't express myself
3i too well. I don't have the letter here with me. |

. 4; BY MR. PARLER:

5 Q But . am correct that shortly after the Three Mile

6| 1sland accident such a letter was sent from the ACRS to the

7 Commission. Isn't that correct?

8\[ A That is correct.

9! Q Okay.

‘01 And it was a very short one, one patagraph?
“% by That is correct.

12 ' Q All right.

: The next recommendation that I have marked,
14i Dr. Hanauer, is on page 31, the degree of standardization and
IST imposition of additional safety requirements, whiéh was a \
‘6f matter that was receiving attention in 19€9, and matters that

7| are still receiving attention today.

lBé Again after you've read these pages, maybe you will
‘9; have some comment. ;
20% A Well, we recommended against a system of certifica-
215 tion that was adopted some years later under Mr. Muntzing and
. 22| Mr. O'Leary. So that I would have to say we were a good bit l

23 more timid about standardizatior than later Commissions and

24 | later Regulatory Staffs,
Ace-Federal Reporters, inc.

25 Q Could you comment for the record at this point on the
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certification procedure, if you recall it, that was adopted by
the Atomic Energy Commission i the early '60s, or is that
something that you would have to refresh your recollection on?

A No, you misunderstood me. I'm speakirg of the
standardization policy that was adopted by the Commission and
the Regulatory Staff in the early '70s, --

Q Right.

A -- about which a great deal hcs been written. It's

embodied in the Commission's regulations.

Q Oh, ves, that I knew. I did misunderstand you but --

A My point is that this panel recommendation which is
really very timid about standardization was accepted at the
time, but a few years later, a completely opposite and more
forward-looking standardization policy and later, standardiza-

tion regulations were adopted which in fact have a number of

positive approaches to standardization, which the panel did not

recommend.

Q The current standardization policies, as you point
out, are spelled out in regulations and in policy statements.
That's how the policy evolved in the early '70s. The certifi-
cation that the members of the Mangelsdorf committee was
thinking about was something -- what? =-- like the Federal
Aviation Administration certification or --

What I'm trying to do for the record at this point

is to contrast what you on the Mangelsdorf group were thinking
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MPB/eb37 1 about as a more limited certification approach with the policy
2/ as it was eventually adopted. The policy which was eventually |
3 adopted we know about. We can look at the regulations.

. 4| What was the scope of the er+-ification policy that

5| the people were thinking about in the late '60s? |

6‘ A We talked with the Federal Aviation Agency about how

7! aircraft designs are certified, and I must say that the various

8| things we were talking about in 1969 are mostly embodied in

9 the standardization policies of 1979.

10 Q Okay.

The next item, Dr. Hanauer, is on page 37, criteria

|
125 for deciding when to backfit after issuance of a construction é

. 13| permit. }
|

14 After reading those pages, maybe you will comment, :
15| those two pages, 37 and 38.
16 | A Backfitting remains a very difficult issue because

17 we still don't have adequate quantitative methods to determine
18 the cost-benefit equation for proposed backfits or to quantify

19 adequately the proposed increment in safetv that accompanies

20! a backfit.

21| Furthermore, when we do attempt to quantify them, we ;
. 22 find that almost never can two analysts agree on the correct !
23 values to be assigned to the components of such a calculation '

24& and that we almost always disagree with the industry about the
Ace-Federsl Reporters, Inc.

> relative benefits and relative costs.
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I don't think that the panel's study and recommenda-
tion made any significant contribution to this point.

Q In other words, it was a difficult problem in 1969
and even though the regulations in 10 CFR 50.109 have been
amended to say something about backfitting, from the practical
standpoint backfitting remains a very difficult issue because
of the reasuns that you have stated for the record. Is that
correct?

A That's correct. And it was the present wording of
50.109 that the panel was considering and which are being dis-
cussed in this recommendation.

Q On page 39 there's the next recommendation to involve |
the ACRS in the regulatory process. Perhaps what you've al-
ready said for the record and in response to my questions
directed to you in your capacity as a former member of the
ACRS and a former Chairman, those responses are adequate to
get at what is discussed in this particular recommendation.

I don't know whether that's the case or not, but is
there anything else that you could add about what the !
Mangelsdorf committee considered the role of the ACRS in the
regulatory process should be?

A Yes. I no longer agree with these conclusions. I
do not believe that the ACRS should be relieved of the
obligation to review and report on all applications for power |

reactor construction permits and operating licenses. ;
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MPB/eb39 I I believe now, as I did not believe then, that this
is an essential part of the review process. The Regulatory

Staff has chosen not to take its own medicine and institute a

quality contrcl process within the Staff. Ve do not comply
with any significant fraction of the guality assurance regu-
lations that we have promulgated for licensees. We rely
entirely or very nearly entirely on the line supervision which
is essentially contrary to the principles of the guality
assurance as given in our regulations.

Our only independent quality assurance with technical
competen’ : is the ACRS, since it's been shown many times that
this pr. .edure cannot be provided by the Licensing Board hear-
ings.

Furthermore, I believe that only by participation in

a large number of cases can the ACRS avcid being relegated to

‘6§ an ivory tower in which their considerations are so general
‘7§ and so divorced from reality that they don't have the necessary
18 utility which comes, in my opinion, only from the consideration

19! of actual cases and actual events.

20 | This is not to say that I think the ACRS should stay
i
21! out of safety issues, new data and development of criteria. I
. 22 think it's absolutely essential that they be involved. And

23 since there is only one ACRS, and I would not for a moment |

24 suggest having any more than ore, and since they are part-time |
ﬁa#ﬁvdﬂnmumlm.

25| and have a limited resource availability, I would like to
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devise a scheme whereby their participation in licensing cases
was sufficiently reduced to make possible their other activity
without overloading them and therefore getting poor advice.

I would therefore institute a procedure where the
ACRS could decide that any given case was sufficiently like
another case or sufficiently devoid of important new features
that they could pass. But I do not support the proposal in
this document.

Q I believe that the last recommendation of the
Mangelsdorf committee is on page 42. It's entitled "Timing
and Staging in Review and Decision Making Process."

On of the things that the recommendation talks about
is an earlier regulatory determination than at present on the
matter of site suitability. Since that time the NRC's regula-
tions will reflect and do reflect that we have early site
approval policies.

There are some other things that are covered in this
recommendation. Maybe after you have looked at it you would
have some comments, Dr. Hanauer.

A I don't have any comments on this. It's been over-
taken by events. We now have a number of them and I don't
think the process goes any better.

Q Fine.

What are the things that apparently have changed

over the years from the timing standpoint with regard to ACRS
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review, at least as I understand it?

Ten or so years ago it was my understanding that the
ACRS -- review of the ACRS letter was narrowed to the front
end of the licensing process and the Staff's Safety Evaluation
came later on. And I gather now that the ACRS review occurs
at a later stage in the process.

Assuming that what I have said is correct, do you
have any comment on that?

A Well, what you've said does not comport at all with
my recollection in the period 1965 to 1970.

Q Okay, fine.

A The timing, while not as formalized as today, was
quite similar. That is to say except for extraordinary cases
such as the Forst St. Vrain gas-cooled reactor, the ACRS did
not seriously review a case until the Staff was finished, or
almost finished.

At that time it would be possible, although it is
strongly discountananced today, that the Subcommittee review
of the project would take place before the Staff's Safety
Evaluation had been developed. But this didn't work very well,
and even in the mid-'60s, most cases were not reviewed in any
seriousness until the Staff's Safety Evaluation had been de-
veloped.

MR. PARLER: Off the record.

(Discussion off the record.)
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(Recess.)

MR. PARLER: Back on the record. |

BY MR. PARLER:

Q Dr. Hanauer, before leaving the Mangelsdorf report,
on page 38 of that report there is a reference to potential
problems that might be encountered in implementing a particular
criterion that the report talked about for backfitting. And
one of those projects that was referred to with a potential
or possibility for disagreement between the Regulatory Staff
and the licensee to the safety requirements agreed upon at
the construction permit stage.

Apparently at the time of the Mangelsdorf report
there was a proposed amendment to the Commission's regulations,
one of the objectives of which was to minimize this problem
by providing for the development and use during reactor con-
struction of a system similar to the technical specification
system oresently being used during reactor operations.

This new system, according to the Mangelsdorf report,‘
would require a delineation of the essential elements of the
design and specify that these cannot be changed after issuance
of the permit without prior Commission approval.

I gather that what is involved or what was involved
in the effort at that time was a proposed rule to define what

is meant by principal architectural and engineering criteria.

I can represent to you today that it is my



45
understanding that such a role has never been adopted by the
Commission although a proposea rule was published in April of
1969.

Now with that background, the guestion:

Dr. Hanauer, were you involved, as far as you can
recall, in the efforts since April 1969 to provide a definition
in the regulations as to what is meant by "prircipal archi-
tectural and engineering criteriu" for the purpose of indi-
cating what an applicant could or could not do under a con-
struction permit without getting further Commission approval?

A I remember only that the subject was discussed.

Q But as far as you can recall, participation in any
major decisions at the Staff level or the Commission level on
that particular issue, you don't recall anything like thgt? |
Right?

A No, I was still on the ACRS.

Q There were efforts made after the Mangelsdorf report
in 1969. As a matter of fact, the efforts by the NRC sStaff
in attempting to come up with a definition of "principal
architectural and engineering criteria" continued through most
of the decade of the '70s. But activity-- You don't recall
any significant* participation, =--

A No.

Q -- or an awareness or understanding of what

difficulties were encountered? Right? }

R IO s I S R s
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A Well, I was probably aware of it, but [ recall so
little of it that it wouldn't be useful.

Q Ckay.

Dr. Hanauer, I have handed you a document which I
will mark for identification as Exhibit 1135.
(Whereupon, the document |
referred to was marked
as Exhibit 1135 for
identification.)
BY MR. PARLER:

Q The exhibit so marked is a letter of Dr. Stephen H.
Hanauer, Technical Advisor to the Executive Director for
Operation to Commissioner Gilinsky. The subject is technical |
issues. The a>te is March 13, 1975.

(Handing document to the witness.)

I have handed you a copy of the memorandum from the
NRC to Commissioner Gilinsky, Dr. Hanauer. I'm going to ask
you some questions about the technical issues that are covered
in that memorandum, If you want to, take time to read the
letter.

Shall we proceed, sir?

A Yes.
Off the record.
MR. PARLER: Off the record.

(Discussion off the record.)




MPB/ebd5 !

16 |

17 |

18

19

20

2

23

24
Ace-Federsl Reporters inc
25

47

MR. PARLER: Back on the record.

BY MR. PARLER:

Q This letter has in it a number of items I believe.
Let's see, nine that are preceded by a title which reads
"Important Technical Reactor Safety Issues Facing the Commis~
sion Now or in the Near Future."

And thereafter, under the title "Reactor Safety
Policy Issues," there are four items that are talked about.

Now in the "Important Technical Reactor Safety Issues"”
category, Dr. Hanauer, the first one is described as design
objectives and the safety design basis for water reactors.

Would ycu, for the record, at this point indicate
what that issue is all about, issue number one?

A Well, I would really prefer to let the document
stand for -- speak for itself. I believe that each one of
these explains for itself, and I would rather not try to para-
phrase them and have two records on the same topic.

Q That is certainly understandable, and the document
will speak for itself.

But beyond that, for purposes of understanding what
the root cause of some of these concerns are, I'm not too sure
that the document will speak for itself on that, what the
underlying causes are. Presumably there are some root causes

of problems. There are some regulatory principles that are at

stake, or scmething that led you to believe that these things
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are important and, presumably, should receive attention.

Now it is my understanding after having read the item‘
number one which will be in the record and which will speak
for itself, that-- The suggestion is what? That the design-
basis-accident approach in the regulations is not adequate
because that is the all-or-nothing approach in the light of
reality?

A That's correct. I was groping toward the same ap-
proach that the ACRS has recently proposed of using our know- |
ledge from the Reactor Safety Study and other probabilistic
approa~hes to modify the design-basis, all-c. “~thing approach.:

Q But you aren't suggesting, or you were not suggesting
that the design-basis approach should be scrubbed and replaced
by something else, are you, or would you?

' A No, I suggested the last sentence, that: \
"Serious consideration should be given to
modifying the present approach =-"
which is the design-basis approach, perhaps to add some quanti-
tative probabilistic criteria. -

Q So that on that basis or with that method, the designL ‘
basis approach would be extended so that for example, instead |
of having 38 design-basis accidents that are analyzed and ; l
provided for, there would be, say, 60 or 70 or something like | J

that? i

A Well, I hope not. I hope it would be possible-- I
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don't want to invent one at this deposition ==

Q Please don't.

A -- to devise a safety review technigue and technoloqy‘

which takes into account the things we've learned since the
design-basis accident approach was devised. It served us very
well, but it also has a number of important shortcomings.

An obvious example is the question of how we should
factor the Three Mile Island event accident into the licensing
process. One possibility is to fashion a new design basis
accident out of the event sequence that occurred in Three Mile
Island.

This seems to me very shortsighted because the exact

sequence that occurred at Three Mile Island is only an example

of a whole class of sequences which in fact were intended to be

included in the design basis but in a different way. That is
to say the systems and procedures were supposed to be provided
to prevent the sequence from degenerating as the actual se-
quence at Three Mile Island did, to severe core damage.
I would like to see a scheme devised where the dif-

ferent possibilities of how the event sequence proceeds can
be take:n into account in a more realistic and probably a
probabilistic way.

Q Your item number three on page two, reliability and

single-failure criteria. You say that the NRC has not estab-

lished gquantitative reliability criteria for safety-related
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21 And you say:
3‘f “The operating plants is one of our chief
. 4 sources of information but we don't know whether the
5 rate of abnormal occurrences now being experienced is
ai a satisfactory one or not. We do know thnat nuclear
7 units' availabilities and capacities are not satis-
al factory. We need to find out whether safety system ?
9: availability is satisfactory, and to improve what-
10 | ever aspects of reliability need improving."

| That is what you have said and it will be in the

i record and will spe:. for 1itself.

' 13! Now what is the tie~in between reliability and :
E single-failure criteria, again for the purpose of the record

IS? and this layman?

16 | A The single-failure criterion is an approach to re- |

17% liability requirements, grossly oversimplified, which provides

18: a certain degree of reliability such that the failure of any

19 single component will not fail the function of the system. A

20 However, it is applied to systems of vastly different

21 reliability with the result that systems complying in every ;

. 22 respect with the single-failure criterion can have greatly

22 different reliability, and that the specification of the single;

Reporters, inc.
25 reliability.

24 failure criterion does not provide a well-defined level of
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There are better ways of specifying reliability, but

they involve uncerctainties of the kind one encounters in all

3| probabilistic calculations with the present state of the art.
4| And it has not in general been found possible to use them in

5| direct application to individual licensing cases.

6 | The reason for this is quite complicated and relates
7 to present shortcomings of the technology of making such cal-
8!l culations which I will describe as requiring too much art and
9 not enough science, so that competent practitioners starting
10| from the same information will get substantially different ‘
‘13 answers.

125 Q All right.

‘ l3f' MR. PARLER: I want to mark for identification as an
14| exhibit a Staff paper to the Commission, which I don't know

15| whether you had anything to do with or not, Dr. hanauer. Maybe |

16| you are not even aware of it, but I want to have it included

17% in the record at this point as Exhibit-- I just want to have
18‘ it included in the record, not at this point-- :
19; Off the record.
20' (Discussion off the record.)
2!? MR. PARLER: Back on the record.
. 22 It's Exhibit 1135 --
23' THE WITNESS: I'm sorry, 1136.
2‘% MR. PARLER: 1136. ;
Ace-Federsl Reporters, Inc. E
23 THE WITNESS: 1135 is the Gilinsky memo. ;




! 52

PB/eb50 1?; MR. PARLER: Thank you.
2i% (Whereupon, the document
3| referred to was marked
. Al as Exhibit 1136 for
5? identification.)
B.376 6l MR. PARLER: Exhibit 1136 is a memorandum from Edson

7‘ G. Case, Acting Director, Office of Nuclear Reactor Regulation,

g | through Lee V. Gossck to the Commissioners, subject: Single
9!| Failure Criterion, dated August 17, 1977.

478 ‘o' This exhibits points out that:

"The central conclusion to be drawn from

that that criterion has served well in its use as

|

12i a Staff review of the single-failure criterion is
|
! a licensing review tool to assure reliable systems
|
|

14
15 as one element of the defense-in-depth approach to
163 reactor safety."”
17! And the paper says:
18 "The Reactor Safety Study indicates that
lqi its use has led to a generally acceptable level of
20 hardware redundancy in most systems important to
2 safety. Some problems exist in specific interpreta-
. 22 tions and applications of the single-faiiure criterion
23 and these are the subject of on-going work."
24 BY MR. PARLER:
Ace-Federsl Aeporters. Inc.
25 Q Are you familiar with the Staff work in this paper,
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Dr. Hanrnauer?

A I received a copy of the paper, and I've read it.
Q Do you know whether the on-going work that is re-

ferred to with regard to addressing problems that exist in

specific interpretations and applications of the single-failure

criterion, whether there's been any progress made?

A 1 think it's been negligible, =~
Q Okay.
A -= although in the Office of Research in the

Probabilistic Analysis staff there has been some method develop=

ment which could, in the long run, but applicable to improving
the situation.
Q Okay.
MR. SCINTO: May I ask a guestion at this point?

MR. PARLER: Sure.

MR. SCINTO: I just want *c see the date cf thz. memo,

THE WITNESS: Which one do you want?
MR. SCINTO: The one you just talk=zd about.
BY MR. SCINTO:

Q In connection with the discussion you just had you
indicated the progress of the single-failure criterion resolu-
tion, that there were some difficulties in that. "Neqligible,"T
as I believe you characterized it.

Are you familiar with the Commission's decision in

the matter of the UCS petition relating to electrical |
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connectors and fire protection that was promulgated in April of

19782

A Yes.

Q Did your comment that progress on resolving single-
failure issues was negligible include consideration of the
Commission's contribution, the Commission's discussion of the
single-failure criterion in that decision?

A No.

Q How would you characterize the Commission's discus-
sion of the single-failure criterion in that decision?

A I would have to re-read it.

Q Okay. That guestion was asked if you recall i¢s if
you don't recall it, please don't characterize it.

Thank you.
BY MR. PARLER:

Q Back to the Exhibit --

A Off the record.

MR. PARLER: Off the record.
(Discussion off the record.)

MR. PARLER: Back on the record.
BY MR. SCINTO:

Q Dr. Hanauer, perhaps I can find a copy of it during
the lunch break and you can take an opportunity to refresh
your recollection in that connection.

A Yes.

|
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MPE/eb53 L MR. SCINTO: Thank you.
2 BY MR. PARLER:
3| Q Dr. Hanauer, back to Exhibit 1135, your memorandum

[ |
B to Commissioner Gilinsky.

|

3| On page 2 there is a discussion of human performance.

6| Among other things you make the statement that:

7| "Means must be found to improve the per-

formance of the people on whom we depend, and to

9 improve the design of equipment so that it is less....
10 You say "....independent from human performance.”
"Ml That word should be "dependent,"” shouldn't it?
12 A That's correct. It's a typographical error.
’ ‘35 Q As corrected though, the complete document will be a
’4; part of the record.
‘5: I suppose a question that I would like to ask on
‘6§ this is apparently the matter of human performance was not
'7! given the attention certainly prior to March 28th, 1979, that
‘3] it is receiving after that date; that is, human performance
19| of those that are associated with the operation of a commercial
20 | nurlear power reactor. |

2“ A I don't agree.

’ 22 Q That's the first thing: Do you agree with that?
23 A Human performance has received a lot of attention.

21 Whether we succeeded in providing adequate human performance
ce-Foderal Reporters, Inc.

25| is another question which could be explored.
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MPB/eb54 1l The technology of dealing guantitatively with human
2|| performance has not advanced very far and therefore, cne would

‘ 3| have to say that the humans made collectively a lot more mis-

4 takes affecting the Three Mile Island accident than we would

5 have allowed for in our analysis.

6 | I want to be clear that I'm talking not only about
7| the operators on the scene but the people who Qrote the pro-
8 | cedures and designed the equipment that they relied on.
9: Whether this is the result of inadegquate attention to human
10 | performance is at least debatable.
1| It may be an inadequate technology to deal in a
lzi definitive way with human performance during accidents and
‘ IJE transients, and that the uncertainty cf human behavior is a
fundamental limitation on how much can be done in this area.

Q So what you're saying is that the impression or the
16| view that some may have that human performance was, to some
considerable extent, ignored prior to March 28th, 1979, in
the licensing and regulatory process is something that you take

19| issue with. You don't agree with that. 1Is that right?

20 | A Yes. I think more could and should have been done.

21 And I'm pointing out in Exhibit 1035 that more should be donrz,
‘ 22 and it's clear that the performance of humans collectively at

23 Three Mile Island was inadequate. And to that extent our

24 review of Three Mile Island didn't take it adequately into

Ace-Federal Reporters, Inc.
25 account, but that isn't to say it was ignored.
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MPB/eb535 | Q Dr. Hanauer. just for purposes of the record I would

like to identify two exhibits so that they could be included

‘ ! in the record. I°'ll give you a copy of them. This is one of

them.

(Document handed to the witness.)

MR. PARLER: Off the record.

(Discussion off the record.)

MR. PARLER: Back on the record.

The first one of these documents which I will iden-
tify for identification as Exhibit 1137 is a letter to
Dr. Glen T. Seaborg dated April the 3rd, 1961, from K. S.
Pitzer, who at that time was the Chairman of the General
Advisory Committee.

I am including =~

THE WITNESS: Of:i the record.

MR. PARLER: Off the record.

(Discussion off the record.)

MR. PARLER: Back on the record.

I want to identify this document as an exhibit be-
cause even as early as 1961 -- and you will see this on the top
cf page two -- the Atomic Energy Commission's General Advisory
Committee was considering the issue of reactor operators'
examination and the need to have what Mr. Pitzer calls a
reactor captain who would be in absolute charge of a facility

in the same sense as a ship's captain.
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(Whereupon, the document
referred to was marked
as Exhibit 1137 for
identification.)

BY MR. PARLER:

Q Unless you have some comment on this historical docu-
ment, I don't have any questions, Dr. Hanauer. As I say, I
just want to have it identified for purposes of the record of
this deposition. Do you have any?

A I have no comment.

Q Ail right.

Another document that I would like to identify for
identification as Exhibit 1138 is a report to the American
Physical Society by a study group on light water reactor
safety dated 28 April 1975.

(Handing document to the witness.)

I have given you a copy of that document, Dr. Hanauer,
which, incidentally, is not the complete report but only the
summary of conclusions and major recommendations.

(Whereupon, the dc cument |
referred to was marked |
as Exhibit 1138 for
identification.)

BY MR. PARLER:

Q If vou'll look at page 1-8, please, Dr. Hanauer,
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major recommendations of the study group on light water reactors

B/Eb57 1 i

2 to the American Physical Society, the first recommendation is ==

3" and I quote:

"Human engineering of reactor controls

which might significantly reduce the chance of opera-

6{ tor errors should be improved. We also encourage the |
71 automation of more control functions and increased

P) operator training with simulators, especially in acci- 1
9: dent simulation mode.” |
10: Now the question that I would like to ask you, f
11§ Dr. Hanauer:

12; Are you aware of what, if any, actions the regulatory‘

[N

agency, that is, the Nuclear Regulatory Commission, took in

response to that particular recommendation which the record

r

15 | should reflect was not a recommendation to the NRC but a ;

|¢§ recommendation to the American Physical Society? ;

17; A During the period of this study, in fact the simu-

|3; lators were coming into general use, although my first ex-

19i perience with reactor simulators is over 20 ycas3 ago. And

201 the regulations were changed more or less during the vneriod

2,; of this report to provide not only permission but emphasis on
. 22 the use of simulators ir the training and the requclification

23 | of reactor operators.

24 At some time not far from the date of this recom-

Ace-Feders! Reporters, Inc.
25 mendation, we established an operator requalification program,
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MPB/eb58 | and we also made some other changes in our operator training
2 | regulations to encourage the increased use of simulators.
3 i With respect to the human engineering I can't point
|
' 4% to anything useful that we did. With respect to the automa-
s; tion of control functions, I must say that the general atmos- |
¢ | phere around here was contrary and that in general, our licens-‘
7}! ing review process gives people a hard time when they automate
845 a: control functions.
qi My personal technical opinion is that this i3 wrong
10 | and that functions appropriate for automation should be auto-
1| mated.
122 The whole guestion of division of functions between
. lai the human operator and the machine, that is to say the degree
14! of automation, is the subject of a lot of exploration and !
lsf research, not only in the nuclear power field but in such
lbi fields as aircraft and weapons, and the results are not yet i
17% entirely clear as to how much should be automated. There are
lsi differing opinions.
|
19; For example, in the nuclear Navy there is very little
; w
20? automation with the object of keeping the human operator on
213 his toes. However, the direction of a weapons system such as
‘ 22 a nuclear submarine and the direction of a nuclear power plant
23 are really not the same problem and it shouldn't be surprising |
24 | that the answers come out differently. |
Ace-Faderat Reporters, Inc. .
4 25 Q Dr. Hanauer, I don't believe that you've been asked f
r
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as ye: or that you have covered it, but if you have so indicate.

How is human error considered in the application,
say, of the single-failure criterion. To me as a layman, that |
isn't too clear. I wonder if you could comment on that.

RN The answer to vour specific question is it is not.
The consideration of human failure comes about first from the
requirement that no reliance be placed on the actions of a
human operator during the initial period of a postulated
event. Depending on the event, these periods vary, mostly in
the range 10 to 30 minutes.

The role of a human operator as the initiator of a
transient and the role of a human operator as the agent of
either mitigating an accident or aggravating an accident are
not explicitly dealt with in our present regulations or review |
practices, and this is something that Ras to be improved.
However, iiL can't be done by simply waving the magic wand.

Technology will have to be developed to allow this
to be done. The obvious approach is to use probabilistic
techniques. But in some important areas neither the models
or the data are available to put numbers on it.

Q Well, what what is the theory, that because even
though what you said is the case about human error and the
consideration thereof in the regulatory p.ocess, that even
though it is not considered that what is required is suffi-

ciently conservative so that one doesn't have to be



62

B/eb60 1| overly concerned at this time about the fact that human error
2 is not considered in the regulatory process?

3‘ A Well, it's a technical gap in our review technology

4| which is of concern but which we don't know how to fill without
5 further research. And we simply have to accept whatever risk

6 inerement this entails. And many people, including myself,

7’ believe that this may in fact be the dominant, or a dominant,

8 | contributor to the actual risk posed by nuclear power plants

9|l today.

10 | The Safety Study and var as studies since that time

11| have shown that something between one-third and two-thirds of

{
I2§ the risk involves human failings of one sort or another.
. 13% Q That's the Rasmussen Report that you're referrinz to,:
14! WASH-1400? 1Is ithat right? é
ISZ A Yes.
16{ Q On page three of your memorandum to Commissioner
175 Gilinsk’, item number seven is entitled "Degree of Detail and
18% Realism in Safety Evaluations." Again, everything that you by
'9| have said there will speak for itself, but in the interest of
20: possible clarification or enlightenment, is the suggestion
21 in seven essentially the same as the suggestion in number one?
‘ 22 It would appe: - to me -- in your number one -- it

23 would appear to me to be the same, but I have a feeling that

24 they are not because otherwise you wouldn't have had a number |
Ace-Federal Raporters, Inc.

25 one and a number seven.
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MPB /eb61l 1 A No, they're gquite different. Number one dealt with
2,: the requirements, the design objectives, the safety goals, and
I .
3| the substance of the review.

. ‘j[ Q Right.

5 A Number seven deals more with the methods.
5 Q Right. Ckay.
7 A The substance of the review requires the analys.is

8| of certain sequences of events, in the present scheme the

9| design-basis accidents. But in any scheme there will have to

0| be analysis of the course of some sequence.

n| What I am suggesting here is that as.we get better

12 and better c.4es we can analyze in fact a vhole lot more than
. 13!/ we want to know; that we have to decide how much we need. i
14 What I didn't suggest here and what I would say today;
‘5§ if I were going to discuss the subject is a need I perceive E
| much more than I did in 1975 for getting rid of what I then |

17|l called the broad-brush treatment with plenty of arbitrary

18| conservatisms.

19 This is embalmed in such evaluation models as the

20 one specified for emergency core cooling. The difficulty is

21 whether the arbitrary conservatisms in the analysis lead to |
. 22 a result which is so unrealistic that it is useful only for

23 the sequence and region of parameters for which it was de-

24 rived.
Ace-Federal Reporters Inc.
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f
MPB/eb62 ‘.i a calculation about the real safety advantage of making changes
|

2 in the system because the calculation is so arbitrary and so

‘i

3| divorced from reality; the result is that an approach of this
. 41 sort which I was, to some extent, advocating then I do not ad-
5} vocate today, will in fact give you the wrong answer.
6 Il It will tell vou that a certain change is in the
7‘ direction of increased safety whereas a more realistic calcu-
3 lation or experiment will tell you just the oppesite. This
9| his greatly impeded, in the period since 1975, all efforts
10j to put into our emergency core cooling calculations the re-
11| sults of the theoretical and experimental research that the

|
12: taxpayer has spent so many hundreds of millions on in the last
‘ 13 ;| few years.
14! I think this is a major shortcoming cf the present g
15; approach which had to be adopted at the time it was adogted
16| because that's all we knew, and the state of mind which per-
17| sists after the state of techn vy has changed has in fact

inhibited both safaty improvements and improvements in realism

|
o
l9i and economy.
2oh So I feel rather differently about this one than I
21 did four years ago.
‘ 2 MR. PARLER: Off the record.
23 (Discussion off the record.)
24 MR. PARLER: Back on the record.

Ace-Fatersl Reporters, Inc.
25 BY MR. PARLER:




MPB/eb63 lll Q On page four under "Fuel Performance" in the con-

2|l cluding sentence you state:
1

3| "Related technology of establishing fuel

® .|

S| established....”

damage limits under accident conditions is even less

5 than what you referred to earlier in that paragraph --

7] "....principally because PBF...."

8| which I guess is the Power Burst Facility =--

9 "....l8 so many years late."
10 | Has any progress been made in that area since 197532
1| A Yes, but I can't say it's in very joold shape. The

12| Power Burst Facility is now operating. We have a gend Lit of
experimental information.
On the other hand, it is still true that we continue
15| to find fuel damage phenomena in normal operat. -~ and in
134 16 | transients. The pellet-clad interaction phenomenon is still
17| not well understood. We've just finished a series of dis-
cussions about what would be the correct fuei damage limit to

|
{
‘9§ use in analyzing anticipated transients without scram. And
I
|
|

20| neither the industry nor our own Staff was able to propose
21 anything that realistically modelled the damage phenomena or
‘ 22| a realistically derived damage threshold. So that this area

23 is still not in a satisfactory state.

24 Q All right.
Ace-Federsi Reporters. Inc.
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damage limits, but these result in a very large, unnecessary

cost to the public in some cases.

Q Moving to the second part of your memorandum to
Commissioner Gilinsky under the title "Reactor Safety Policy
Issues,"” the first one there is internal quality assurance.

I believe you have already spoken, pecrhaps in another |
context this morning for the record that the policies are

|

expressed in Appendix B to Part 50, the need for gquality
assurance on licensees and others, but that policy or the equi-
valent thereof is not applied to the NRC organization.

That is the point that you are making here under
number one -- right? =-- that we don't have any internal quality:
assurance requirements that would be applied to the regulatory l
process, to the quality of our organization? Isn't that your E
point, Dr. Hanauer?

A I think that's what I said earlier in discussing the
role of the ACRS.
Q Right.

Now a number of others in the intervniews that we've
had have made essentially the same point, technical reviewers,
for example. And the question I have is:

Do you know whether anyone has made any effort to
get something done in this area, in other words, to call what |

appears to be a.concern to the attention of the Commissioners

and make recommendations to them?
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A Well, this paragraph is typical of the needles I have‘
applied in various quarters over the years, but in fact nothing |
has happened.

Q Okay.

Now the next item raises, as I understand it, the
matter of the generic decisions. The title is "Making Better,
Faster, and More Generic Decisions."”

Is my understanding correct that what you're talking
about primarily is the so-called generic lists of unresclved
safety issues, or is something broader than that involved here? |

A Well, no such list existed back in 1975.

Q Fine.

A I must say, however, that my optimism in 1975 about %
ATWS was not justified and that neither of my examples has |
vet been resolved four years later.

What I was talking about was the inordinate time and
effort to decide anything outside the licensing case. It was
fashionable then and it is fashionable today to attempt to
resolve issues generically which, in its dictionary sense,
means applying the same resolution to a number of different,
in this case, licensing cases but which around here means
sweeping it under the rug and not including a resolution of
this issue on a particular case on which it has occurred.

The fiction is preserved-- That's too strong. The |

policy is preserved that some resolution must be obtained on
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MPB,/eb66 ] each case of all significant safety issues, but all too often,
2| the so-called resclution is only that when we finally get
3 around to deciding the issue this decision will be imposed on
e
the particular case under consideration.
5 Sometimes we do in fact decide the issue and impose
6l a decision upon the case in which it was raised. In many
7 others-- In this case, the system has worked correctly and
3;‘ the issue was decided generically, which is a great economy
¢ || because you don't want to try and resolve the same issue in
10 ten different cases by ten different reviewers and maybe in
11| ten different forums.
12 | In far too many cases, however, even when the issue
. 13| was resolved it simply joined the backlog of application to

|
14[ all but new cases and remains unresolved in the sense that |

1s | whatever has been decided has not in fact been applied to

16! modify the actual plant systems.

17% In many other cases these issues have hung around f

18; for years and years and decisiors have not been made. The j 1
19; recent actions by NRC management to the Technical Activities

20 Steering Committee have made some progress.
21 I was recently appointed Director of Unresolved
‘ 22 Safety Issues by the NRC and so my job is to take the most

23 urgent and important of these issues and make progress on them.

credit for was the study of all 130 generic issues then

i

1 |

24 An important element of progress that I can take no |
|

|
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MPB/ebé7 l%} outstanding, first on the basis of their reactor safety and

.
2|| public risk potential, and then a broader study of a number of
3| factors including the most important one, being the effect on

* ;

5|1 130 issues.

safety and risk which resulted in a priority ranking of these

6 The top 20, including the 19 unresolved safety

7| issues so designated by the Commission, and issue B6, load

8 combinations which I discussed earlier, were given top priority'

9I and I have been given resources with which it is scheduled and |
10| foreseen that these will be resolved in a reasonably timely
M|l way; that is to say almost all of them within the next year or
12i a little more.

. ‘3] The second batch of about 25 were targeted for con-

tract work but in general, manpower within the Staff was not |

15; available to do more than follow the contract work, and so |
‘6{ the resolution of these issues will in general be postponed
| {
‘7% for a number of years, although some few of them are actually 3
‘Bi coming to fruition because of the urgency of the decision in g
19 some particular licensing arena.
20; The remaining 80 or so issues have third priority
21 and I have to say that many of these will in fact never re- %
. 22 ceive the kind of attention that the top two groups will re- l

23/l ceive. I think this is all right, and in fact as part of the |

24 Commission's consideration of this question, about a year ago
o8 -Federal Reporters, Inc.

25! each one of these issues that is not going to be worked on
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was considered and a rationale and technical basis were es-

tablished why this was okay.

My own opinion is that any issue you can leave around

for several yvears without working on, you might as well forget

about. If it's all right to let it go five or ten years then
it's all right to let it go forever. This is an opinicn not
universally shared, and it may be that some of these will be
promoted, either by improved understanding or by events.

I would expect that and it has been anticipated by
Mr. Denton and Dr. Mattson that the lessons learned from the
Three Mile Island accident will result in a number of addi-
tional unresolved safety issues being promoted to high pri-
ority and experience in operation research resultsin improved
understanding from regulatory considerations will provide
a trickle of new issues that need prompt and some rather in-
tensive treatment.

MR. PARLER: Mr, Lanning, did you have some ques-
tions?

BY MR. LANNING:

Q Prior to your current position as Director of Un-
resolved Safety Issues, were you previously involved in the
Staff response or review of the technical issues identified
in NUREG-0138 and 1532

A Only peripherally in that I provided advice to the

Executive Director for Operations when the Commission papers
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came through his office.

Q Did the Office of EDO review or comment on the NUREG

reports?

A Not formally, although there was some discussion.

Q Did you attend ACRS meetings concerning the dis-

cussions of these technical issues?

A Some-- That's not a useful record. Some of them.

Q Do you recall whether or not any of these ACRS meet-
ings that you attended included a discussion of issue four
identified in NUREG-0138 as the loss of offsite power subse-
quent to manual safety injection reset following a LOCA?

A No, I can't recall whether I was at that discussion.

I'm familiar with the issue and have been in discussions of it.|

Q These are discussions prior to the Three Mile Island :
accident?

A Yes.

Q There are at least two examples of attempts to in-

clude in this technical issue the analyses of the loss-of-
coolant accident assuming interruption of ECCS at any time
during the accident.

MR. LANNING: We should identify these two exhibits.

MR, PARLER: That would be 1130.

Do you 1ave copies for Dr. Hanauer?

MR. LANNING: Yes.

The first one we will identify is Exhibit 1139, a
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memorandum from Mr., Marinos to Ben C. Rusche. The subject is

"Resolution of Technical Issues," dated November 19, 1976.

(Document handed to tha2 witness.)

The second exhibit we will identify is 1140, which
is an excerpt from the hearings before the Committee on
Government Operations, United States Senate, 94th Congress,
Secend Session, dated December 13, 1976. And it's starting on
page 260 through page 262.

(Whereupon, the documents
referred to were marked
as Exhibits 1139 and 1140
for identification.)

MR. PARLER: Let Dr. Hanauer read those, please,
before you'ask him questions.

(The witness reading.)

BY MR. LANNING:

Q In these discussions you had on this particular

technical issue, had they included the consideration of inter-

ruption of ECCS at any time during the assumed LOCA?

A That's the issue.

Q The issue as stated in NUREG-013f.  that is pretty
narrowly defined and limited to Westinghouse plants. The
Exhibit 1139 commented on the description of the technical
issue and suggested that it be expanded to include the analy-

ses of the LOCA considering interruption of ECCS at any time.

|
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And the Staff response in NUREG-0132 really doesa't address
the issue from the broader sense of analyzing LOCAs considering
prolonged interruption of ECCS.

My question is: Has the Staff considered the
results assuming the interruption of ECCS during, for example,
the design basis LOCA?

A Not explicitly. The Staff assumes, and I've
always assumed, that a sufficiently severe interruption of off
site power or a large number of other functions during the
course of a large loss of coolant accident would melt the core.

Q Therefore, since the conseguences are SO severe,
any variations of interruption of ECCS to more define the
allowable limits for interruption of ECCS was never considered?

A Well, the issue, as you suggest, is poorly stated
both by Mr. Marinos and by the Staff document. I'd like to
suggest that a correct statement of the issue would go some-
thing like this:

In considering the requirements for protection
against loss of coolant accidents, which sequences involving
degraded performance or availapility of protection functions
should be included. If you consider the sequence of events
which begins with a large pipe rupture, there are in fact an
extraordinarily large number of possibilities. The Reactor
Safety Study, after eliminating the ones which were not

physically possible and those which were believed to be a very



74

mpb2 j? low probability, ended up with 43 event sequences all starting
2 with the large loss of cooclant accident. And it is possible to
. : : conceive of a large additional number, although they were
"l analyzed in the Reactor Safety Study not to constitute signifi-
5‘ cant risks.
' i Only one of these sequences is the one required
7| to be considered in the regulations, 10 CFR 50.46 and 10 CFR
8; 50 Appendix K. This required sequence includes a number of
’ failures of safety related systems. Among them are the
" hypothesis that all offsite power is lost, and the hypothesis
“= of the nccurrence of the most severe single failure in the
125 equipment which remains.
. 3 In most plants and for most analyses this most
]‘i severe sample failure is an additional failure of a diesel
15; generator set providing the energy for the emergency core
g cooling system. Now it is easy enough to postulate the
il occurrence of additional failures during the course of a loss
18% of coolant accident, and Mr. Marinos and others have made
195 proposals along these lines. The basic reason that the Staff
205 has not accepted these proposals is the belief ,which was not
2‘; well quantified when originally expressed ,that these sequences
. - involving additional failures were sufficiently improbable
ol compared to the ones that were considered that the risk
“.Jﬂvﬁuqnnwli: increment was not very large.
” The discussion in the NUREG reports you refer to




was an attempt, not especially successful, to show that this
was true for the particular sequences proposed by Mr. Marinos.

It is possible to pursue this line of thought essentially in-

Al definitely, and a principal contribution of the Reactor Safety
5; Study is “he organization of thought along these lines made
6! possible by the techniques of event trees and fault trees, so
.
7: that the 43 event sequences I referred to earlier are the 43
B} branches which survive on aa event tree which originally
d contains several hundred potential branches.
" Q low has human error been included in the single
]‘. failure criteria as applied to implementation of Appendix K?
" A As far as the single failure criterion is concerned,
‘ i human error is not included. Human error is accounted for to
L some extent by the requirements that the initiation of the
Isf emergency core cooling system and i‘.s necessary auxiliary
‘6i functions be automatic and not rely in any way on human action;
1
il and by the requirement that the transition from the injection
8 phase to the recirculation phase required in large accidents
19 |
. be automated.
20é However there is, as I said before, no explicit
313 account in the analysis of other possible hum-'n errors, of
®
22§ omission or comission, or of human actions which might mitigate
23! the accident. Both are omitted from the analysis.
{
‘AuJav,,q”""t::' Q Concerning the loss of offsite power during the
‘ 25‘ assumed accident, Exh.bit 1140 included an ACRS recommendation
|
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that the loss of offsite power at any time subsequent to the
occurrence of a LOCA should be studied further by the Staff.

Are you aware of any activities that followed up
this ACRS recommendation?

A I would, please, like you to point out the part of
this exhibit you're talking about.
Q On page 262, the last paragraph.

MR. PARLER: Give Dr. Hanauer time to read it,
and then maybe he'll want you to restate the gquestion.

(The witness reading.)

THE WITNESS: I just don't know whether an add-
itional study along these lines has been made. There are |
several generic issues dealing in one way or another with
the loss of offsite power, the reliability of the offsite
power system.

One of them is Unresolved Safety Issue A44, which
deals with station blackout, a more severe system in which
both offsite and onsite power are lost. Another is Generic
Issue A25, dealing with the reliability of offsite power.

And I frankly don't know whether that or some other study
is directly responsive to this or not.

I could have a look and provide additional
information for the record if this is desired.

MR. PARLER: Why don't you do that. And then at

the time you -end back your transcript corrections, that will
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be a convenient time, perhaps, for you to say what you fcund
as a result of your look-see. If you found something, include
it; if you didn't find anything, say that you didn't find
anything.

Is that all that you have?

Have you got anything on generic items rigl. now?

MR. COX: No.

MR. PARLER: Off the record.

(Discussion cff the record.)

(Whereupon, at 12:00 noon, the deposition in

the above-entitled matter was recessed, to reconvene

at 12:45 p.m., this same day.)
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AFTERNOON SESSION
(12:45 p.m.)
MR. PARLER: On the record.
Whereupon,
STEPHEN H. HANAUER
resumed the stand as a witness, and, having been previously
duly sworn, was examined and testified further as follows:
MR. PARLER: You had a guestion, Mr. Cox, that
you would like to ask Dr. Hanauer?
MR. COX: Yes.
EXAMINATION (Continued)
BY MR. COX:
Q Dr. Hanauer, it's my understanding that the
design of most nuclear power plants now operating or under
construction are such that the control room operator can

significantly decrease ECCS flow, maybe even terminate it ==

A That's my understanding also.

Q I haven't finished yet.

A Sorry.

Q -- at any time after this ECCS flow is automatically

initiated. That is your understanding?

A Yes.

Q Do you feel that this is a necessary feature of
reactor plant design?

A Yes. I don't think it's possible to foresee
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enough of the combinations of events to have thought out in
advance and automated all possible actions in the control room
during the course of an accident.

Instead what we've done is to automate the initial
response and to rely in substantial measure on the operator.
In a large number of events that have occurred this was justi-
fied.

In the Three Mile Island accident the operator,
abetted, as I said, by the people who designed this equipment
and wrote his procedures, made a substantial number of sig-
nificant mistakes which exascerbated the accident.

I don't think it's possible to decice in advance
that this, that or the other action should be made impossible
for the operator to execute because in most cases not very
much thought will suggest to you alternative courses of events
in which the action would be adviseable or even required.
These systems are sufficiently complex, and the variety of
sequences which can be foreseen but sometimes are not foreseen
is so broad that after an initial automated response one has
to rely on the general programming of the computer which is
the human brain, because of our present inability to program
an electrical computer to do the same thinking function.

what I'm saying is that as an event actually
unfolds there is no substitute for human thought in deciding

the correct course of action. With this, one has to accept



a probability, hopefully fairly small, that incorrect courses
of xtion will be chosen, and that the accident will in fact be
initiated or worsened by the actions which were allowed by

the reliance on the human operator that I've described. And
this occurred in Three Mile Island and in other events also.

I don't know of any way to make an important
improvement. One would, if not careful to discover that one
was always, like the French Army, deciding for the next
previous battle or the next previous event. The next event,

for example, might occur in such a way that it's important

! to shut off the high pressure injection pumps, for instance,
to prevent overpressurizing the primary system and causing a
1 loss of coolant accident, which of course is what the operators
|

erroneously thought they were doing.

But sometimes it isn't an error. And I don't

&
|
1 think we are at a state of knowledge where all these sequences
I
. can be predicted. And I think it is, therefore, a risk we

|

|

have to run to provide the means to turn off the emergency

| core cooling system.
20 ||

| The defense against it is primari.y well-educated,
21% well-trained, intelligent operators who have the knowledge
‘ 221 and experience to do the right thing, and the temperament to
23: apply their knowledge and experience at times of stress.
St Patin) RSB ,2,: They should be aided by a good set of procedures and a good
25! set of equipment which maximizes their knowledge of conditions
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in the plant and their understanding of it.
Q That's all I have.
BY MR. PARLER:

Q The current status of the generic unresolved
issues, is that set forth in the report this year to the
Congress, or is there a more current list that you're using
as a working document?

A There is a more current list. It just came out.
I will identify it as NUREG-0606, Volume 1, number 1. It's
dated September 4, 1979, known as the AQUA Book, A-Q-U-A,
in whic’ is set forth for each unresolved safety issue a net-
work of milestones and schedules together with a summary of
the problem description and the current status.

Q Is that your only copy?

A It's the only one I have. It's freely available
from MPA on the payment of a modest sum.

Q All right.

THE WITNESS: Off the record.
(Discussio. off the record.)
THE WITNESS: On the record.

BY MR. PARLER:

Q You mentioned earlier before our recess the delays,

the long time span over which it takes to get attention and
action going on generic issues. Certainly that appears to be

the case prior to March 28, '79, and prior to your assumption
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nf your current position.
Generally speaking, to what do you attribute that?
Is it resources, for example, or what?

A My own opinion is that the primary cause is the
resolution of generic issues was not giver a high enough
priority to get it done.

Q Who had the responsibility for the resolution of
generic issues prior to the assumption of your present position?

A It was widely dispersed. The principal was effect-
ive about two years ago. Each generic issue was assigned to a
cognizant supervisor, usually an assistant director. Before
that the responsibility was even more diffuse.

Q Some have suggested that a part of the situaticn
leading in the past to the lack of proper attention to generic
issues may be the vague language in which the need for some
of these issues has been advanced by others such as the
Advisory Committee on Reactor Safeguards.

Does that contribute to the problem?

A I don't think so. I think that the isses have
a wide spectrum of need and urgency and therefore priority.
For each Class A or Class B issue there is a problem descrip-
tion which seems to me sufficiently specific that the problem
you suggest is nct a major factor.

Q There are some who have suggested that if an issue

which might be a generic issue is raised by a presiding
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licensing board in a licensing proceeding, that such an issue
receives prompt regulatory staff attention, as contrasted to,
say, for example, a generic issue that might be raised by the
ACRS, which receives less than prompt attention, for example.

Do you have any comment on that?

A I would broaden the comment, which is generally
true, that any issue which requires resolution in the context
of an individual case finds some kind of resolution on a
schedule more or less consistent with the schedule of the case,
that to delay a licensing proceeding for ten years to resolve
some particular issue -- and the resolution of some issues has
occupied ten years -- would be intolerable, and that therefore
those issues which must be resoclved in order to move a licens-
ing decision forward get the top priority.

I think this is just the way people work.

Q In other words, it's a practical reality of the
licensing process which one should not conclude, because of
that practical reality, that the staff is engaging in either
unintended or some other procrastination regarding ACRS
generic concerns.

See, the appearance to some is since the response
in the licensing arena is prompt and not so prompt in the other
arena that there is some sort of a, oh, not significant
attention being given to the concerns of the Advisory Committee

on Reactor Safeguards.
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A Well, I think that's a misplaced inference, that
the ACRS itself decides this issue by either requiring that the
issue be resolved in the context of the case before they issue

their statutory report or by themselves deciding that the

.issue can be deferred for generic consideration.

Once the decision is made that it's all right to
defer an issue, it's natural that procrastination sets in.
This happens for deferred issues from whatever source.

Q What role does the regulatory requirements review
committee play in the generic issues area? What I don't
understand is how that committee interfaces with the technical
activity steering committee.

A The technical activities steering committee is
nrimarily a management function. They approve test descriptions,
task action plans. They establish priorities, or, to be more
precise, they advise the director of the Office of Nuclear
Reactor Regulation and the Commission regarding priorities.

They review progress. They review and approve or
not proposed changes in scope or schedule.

The regulatory requirements review committee deals
with the products. That is to say, the regulatory requirements
that come from the consideration of the generic issues. The
resolution of a generic issue is typically embodied in a

NUREG report, often incorporating or referring to one or a

large number of technical reports from the industry, from NRC
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research, from technical assistance and other technical
resources, and embodies the Staff recommendation signed out by
the division director of the resclution of the issue.

Now since the issue is almost always in the form
of what shall be the requirements related to some technical
area, the resolution is a proposed set of requireme.ts. Ia
some cases the general aspect of these requirements will already
have been established either by regulation, by guide, or by
some other action which, if it came in at the righti time frame,
was already reviewed by the regulatory requirements review
committee. In other cases new ground is broken and new
requirements are proposed, and in that case the requirements
are in general reviewed by the regulatory requirements review
committee.

The question of the details of this process, when
and how public comment should be obtained and so on, we're
still learning by experience.

Q After something, for example, say, 2 regulatory
guide is presented to the regulatory regquirements review
committee and that committee makes a decision, that guide
should be placed in Category "hree, which for purposes of
that committee, that is the regulatory requirements review
commit:ee, means to me that the area that-is involved should
be backfitted, who is responsible for implementing that

decision in the orgamization,:do-you knew2:
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A The regulatory requirements review committee was
established by the Exe-utive Director for Operations, and in
the final analysis reports to him. The committee decisions
are transmitted to the officer responsible for the action; in
the case of Standards and Guides to Mr. Minoke; in the case of
Standard Review Plans and Branch Technical Positions, to Mr.
Denton.

If these officials agree with the decisions of the
committee, they say so and order the implementation by what-
ever the correct organization is. If they don't agree or if
there's disagreement amcong the officers, Mr. Gossick provides
the resolution. And in principle, although it's never happened;
this could be appealed to the Commission.

Q Were you involved, in your prior duties, with the
implementaticn of Regulatory Guide 1.97, I believe, instrumenta-
tion to monitor the course of an accident?

A Not directly. I knew about it as advisor to the
Executive Director for Operations.

Q Now apparently that is an area where the generic
work had been done, the regulatory requirements review committee
had made its decision about what categcry that guide should be
placed in.

I gather that the subject matter is off of the
unresolved safety item list, and then there is a question of

having it implemented, is that right?
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A That's my understanding.

Q But other than what you've already said, you don't
have any insights into the major problems that have been
encountered in implementing that guide, or do you?

A I don't have any direct knowledge, and I don't
want to speculate.

Q All right.

A I know that there is an effort now underway as
part of lessons learned to finally do something about that
subject.

Q All right.

MR. PARLER: I would like to mark for identifica-
tion and for purposes of the record two exhibits. The first
one w. 11 be Exhibit 1141 which is a letter from Mitchell
Rogovin, R-o-g-o-v-i-n, director, NRC TMI Special Inquiry
Group, to Dr. Max Carbon, Chairman, Advisory Committee on
Reactor Safeguards. The letter is dated June 29, 197%.

In that letter Mr. Rogovin asked the ACRS a
number of questions.

(Whereupocn, the document
referred to was marked as
Exhibit number 1141 for
identification.)

MR. PARLER: Off the record.

(Discussion off the record.)
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MR. PARLER: On the record.

And the reply from Chairman Carbon to Mr. Rogovin,
dated July 25, 1979, I will mark as Exhibit 1142.

(Whereupon, the document
referred to was marked as
Exhibit number 1142 for
identification.)

BY MR. PARLER:

Q Of course, Dr. Hanauer, you haven't seen these
letters before, and I should mention to you I'm not going to
ask you any questions about them. I want them placed in the
record because in Exhibit 1142 Dr. Carbon =-- or Chairman Carbon,
in his reply, states in part that the Committee, that is the
Advisory Committee on Reactor Safeguards, feels that the
response of the NRC and of the AEC before it in connection
with =-- guote =-- "instrumentation to follow the course of an
accident" -- close guote -- has not been adequate.

Although this item has been addressed by the
issuance of a regulatory guide, that guide has not to the
Committee's knowledge yet been implemented on any operating
nuclear power plant.

And, continuing, Chairman Carbon says:

"Although the NRC has given increased

attention and resources to the so called

"unresolved generic items" within the past
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two years, we would welcome additional emphasis

on resolution of these items."

The response of Chairman Carbon also has an
attachment to it which, among other things, bears generally
on some of the broad items tnat I asked Dr. Hanauer guestions
about at the outset of this deposition, regarding concerns in
certain areas that have been expressed by the Advisory
Committee on Reactor Safeguards in past years.

Off the record.

(Discussion off the record.)

MR. PARLER: On the record.

BY MR. PARLER:

Q We're still under the broad category of your
letter of March 13, 1975, to Commissioner Gilinsky, and I
wonder what your comments would be on the following -- and I
ask this gquestion in the context of yocur item number three
under Reactor Safety Policy Issues, Stabilization of
Regulatory Requirements and Standardization of Design.

In view of the variety of customized designs that
apparently exist in the industry, it would seem to tnis layman
at least that it would be very difficult to achieve what I
think of as an integrated or irrational national safety
regqulatory policy. Are the twc related or not?

A Well, you'd have to define your terms better.

There were too many buzz words in it. Rational national safety
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policy i-sue, what do you mean:
Q Well, if you had, for vxample, 24 auxiliary

feedwater systems -- which I understand you have =-- maybe

just for pressurized water reactors -- how can the people in

the Nuclear Regulatory Commission who write the standards and

the criteria write standards and criteria that would deal with

those things, how can the people that sit in this building

and elsewhere go about reviewing the vast variety of things?
Those are the underlying thoughts that replace the

buzz words.

Now with that replacement, do you have any comment?

A Yes, I do.
Q Please do so.
A The way in which a regulator copes with a variety

of designs =--

Q Right.

A -- is to distill the essence which is the safety
performance or the safety significance from them. And so for
feedwater systems, for example, certain principles have been
ennunciated and the requirement is that the state water
systens comply with those principles, and then if necessary,
design by design and plant by plant to review their compliance
with these principles.

This is laborious. It would be a lot simpler

for us if there were one auxiliary feedwater design for all
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plants. It would still be necessary for us to decide what was

required of an auxiliary feedwater system in order to make a
proper decision on whether this single design was adeguate or
not, although in a large number of cases -~ particularly dur-
ing the earlier days of this regulatory program == we performed
a review of these systems without having explicit requirements,
and this was based on a kind of an instinct that this design
was satisfactory without an articulated basis.

A whole lot of correct decisions were made, but it
was pretty hard to see the basis for them without an articulated
set of basic safety requirements.

What standardization would save us is the necessity
to review each design and tc determine whether or not it
complies with the safety requirements.

MR. PARLER: Did you want to ask questions about
the regulatory requirements? I think the context is probably
right.

BY MR. LANNING:

Q Have you ever been a member of the Regulatory
Requirements Review Committee?

A I was a non-voting observer representing the
Executive Director for Operations from the time the Committee
was formed, in about 1973, until last December when I left
the Office of the Executive Director for Operations.

Q What was your purpose in that capacity?
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o The Director of Regulation and the Executive
Director for Operations never articulated why they wanted me
on there.

(Laughter.)

I define my own position in the following way:

First, I maintained a cognizance of what was going
on in the Committee and reported to the Director cf Regulation
or to the Executive Director for Operations the problems that
might come to his attention or that I thought should come to
his attention in the operation of the Committee, both
procedural and technical. I alsc had not the slightest
hesitation and was in fact encouraged to state my own technical
views on the various subjects that came before the Committee.

MR. PARLER: Mr. Cox, go ahead.

BY MR. COX:

Q I have a gquestion on standardization again, Dr.
Hanauer.

Again, based on your long experience and history
as technical advisor at the highest management levels for the
NRC, the NRC has been pursuing a development and implementation
of standardization policies for several years now, and as you
brought out earlier, they have many policy statements in that
area, and we even have regulations, I believe, Appendix O
and several other appendices to 10 CFR 50.

Do you feel -- or perhaps let me ask it this way:



mpbl6

* 2

Ace-Faderal Reporters, lncv:

a5 |

93

What are your feelings, opinions, comments, what-
ever you care to offer, about the viability of the program
now in light of TMI-27 Are we at a standstill? Are we able
to move as planned bel:re? Are there changes necessary?

A I don't think they have anything to do with each
sther. Standardization is a method for approving designs or
portions of designs in advance so that the review of individual
cases can proceed in a more economical and expeditious way.

Wwhen new technical guestions arise from Three
Mile Island or anything else, they have to factor into the
process. If as a result of Three Mile Island a large number
of new gquestions or new reguirements arise, as seems likely,
then all r2actors, standardized or not, will have to be re-
reviewed, and all previous approvals, standardized or not,
will have to be reconsidered.

The bigges- impact of Three Mile Island on the
standardization process is that if there are no new applica-
tions, standardization seems rather meaningless.

Q You mentioned expedition and economy. Do you feel
that standardization, per se, has any safety advantages to be
gained?

A I think there are potential safety advantages to
standardization. 1In principle it allows much larger resources
to be applied to the safety design and the safety review for

a much smaller number of designs. I have not yet seen any
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mpbl? " evidence that this is in fact taking place.
5 Q Increased safety or a smaller number of desigs?
’ 3 A Either one.
4} MR. PARLER: Are you finished?
|
d MR. COX: Yes.
6i BY MR. PARLER:
7, Q Your last item in this memorandum to Commissioner
8. Gilinsky talks about "too many surprises”, and without going
9% over what you've already said there, it is my impression that
]Ci one of the areas in which it has been recognized that prior to
i March 28, '79, there was room for improvement in the regulatory
]2; area was the area of the systemmatic review and operation of
‘ 2 operating information, operational feedback information.
‘4% Now it is also my understanding that the
lsi Commission has recently approved the creation of a new group,
léi the Office of Operational Data Analysis and Evaluation, or words
7 to that effect.
]855 Do you believe that such an office could minimize
a the =-- quote -- "too many surprises"” =-- unquote == that you
20@ refer to in your memorandum to Commissioner Gilinsky, or is
21& that too broad a gquestion for you?
. ” L A It's not too broad a question; and the answer is no.
zah I think the new approach is likely to improve the agency's
Aa,“,uaq”n"t::f response to surprises. But I don't see how it would minimize
|
25; the number of them.




10l
=pbls8 | Q I realize =-- and I believe I am correct -- that that

office, although it has been approved, it has not yet been

3| . :
‘ | established. Is that your understanding?
4 | ;
; A I'm not up on this sort of thing. I know Mr.
5 4 . ;
} Heltemes, H-e-l-t-e-m-e-s, has been appointed either acting
sil .. _ , , .
| director or interim director of that office.
7|
| Q Fine.
8 | ; g - :
i The point that I was going to get to 1s this:
9
| Is it your understanding that the office of =-- that
|
10 | : . .
| we've been talking of -- Operational Data and Analysis Group,
11 )
| that it would just make recommendations, or would it have other
J
12 | :
authority?
L] 13
| A It's not clear -~
14 ||
| Q Okay.
15 !
| A -- from any of the pieces of paper I've seen how
16 ||
| much clout it's going to have.
|
17 || . . ) .
I My experience is not hopeful that the fractionatiocn
18 |
% of this function into six groups in six separate offices does
19 |l
| not give me any comfort.
201
I Q Now incidentally, were you involved in your

official capacity or otherwise in the insights that went into

. 22 |

[ the creation of this office? Did anybody ask for your views?

| A No, sir, although they were provided to the
24 |
~,$“~,,q”""t,~f Executive Director of Operation over a year ago. I would
25

like to put into the record a memorandum I wrote on that subject,
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which I will have to get and retrieve from the files.

Q Would you please do so.

Off the record.

(Discussion off the record.)

MR. PARLER: Back on the record.

Dr. Hanauer has someone loocking for the document
that he just referred to.

BY MR. PARLER:

Q Do you recall enough about the document so that
you can describe it, Dr. Hanauer?

A It was a general survey of the necessity for and
the present arrangements for feeding back new information into
the licensing process. This new information can ar;se not
only from operating informat on but from research results and
from improved insights during the licensing process.

In particular with respect to operating informa-
tion, I concluded that it was everybody's business and there-
fore nobody's business, and recommended some improvements.

No response was ever made.

Q When that document is available I will mark it for
identification and put it as an exhibit to this deposition.

A Off the record.

(Discussion off the record.)

MR. PARLER: On the record.

The document will be marked for identification at
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this point in the record as Exhibit 1143.
(Whereupon, the document
referred to was marked as
Exhibit number 1143 for
identification.)

MR. PARLER: When it is made available I will give
whatever additional description is required.

Off the record.

(Discussion off the record.)

MR. PARLER: Back on the record.

BY MR. PARLER:

Q Dr. Hanauer, we've just been talking about one
limited aspect of a recent organizational change and how it
bears on what you were talking about in your memorandum to
Commissioner Gilinsky, "too many surprises”.

Now what other comments would you have on the
subject of why "too many surprises"? You obviously felt in
1975 that there were, and presumably there are some reasons
for that,and may be some areas in which actions can be taken
to, without eliminating it, eliminating them, maybe reducing
"too many surprises”.

Please comment.

A I don't think the number of surprises is under
our control. I think the rate at which surprises come are a

measure of the maturity of the technology and of the industry,
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and that in mature technologies the surprises come at a much
lower rate.

We have had in the last year again too many
surprises. We've had the seismic shutdowns, we've had
Three Mile Island, we've had more concern with environmental
gualification.

This tells me that the technological maturity,
so strongly put forward by industry representatives, has not
yet been attained. As I said, I don't think there's any-
thing the NRC can do about this. But it's part of an inevit-
able learning process with a new technology, and that we simply
have to develop the fortitude to receive these surprises and
effective means of dealing with them when they come, and to
be willing to accept the implications not only of what these
surprises contain one by one, but the rate at which they
occur.

MR. PARLER: The document that we were referring
to earlier and marked for identification as Exhibit 1143 is a
memorandum from Dr. Stephen H. Hanauer, then technical advisor L
to the Executive Director for Operations, to Mr. Lee V. Gossick,
Subject: Feedback of Information into the Reactor Regulation
Process, April 26, 1978 is the date, previously marked as
Exhibit 1143.

BY MR. LANNING:

Q I'd like to ask you a question on the topic we've
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just been discussing about "too many surprises”.

The exhibit references a discussion of that issue,
Item 3 in the paper which is entitled Stabilization of
Regulation Requirements and Standardization of Designs. 1It's
not clear to me what the relationship is of how we would
respond to surprises and the stabilization of regulatory
requirements.

A A certain fraction of the surprises are evidence

that the requirements aren't right and have to be changed,
the other fraction being evidence that plants thought to be in
compliance with the requirements are in fact not in compliance.
To the extent that the requirements elicit changed -- I'm sorry.
To the extent that the surprises elicit changes in requirements,
the process is not stabilized and standardization has to be |

changed in accordance with the new requirements. And that's the

connection.
MR. PARLER: Anything else?
MR. LANNING: No.
BY MR. PARLER:
Q Dr. Hanauer, before leaving Exhibit 1135 -- which

is what we've been talking about for the last hour or so =-- 1
would like to show you an article which you co-authored I guess
in 1971, and the purpose of this is just a couple of paragraphs
that are on page 207.

MR. PARLER: We'll mark this article for
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identification as Exhibit 1144.
(Whereupon, the document
referred to was marked as
Exhibit number 1144 for
identification.)

BY MR. PARLER:

Q This is an article by Dr. Stephen H. Hanauer and
Dr. Peter A. Morris, Technical Issues on Large Nuclear Power
Plants.

I gather that this paper was presented at -- what?
-- the International Atomic Energy Agency, or do you recall,
Dr. Hanauer? I don't ==

A This paper was presented at the International
Conference on Peaceful Uses of Atomic Energy in 1971.
Q All right.

Having so identified the document, would you turn
to page 207, and the two paragraphs in the middle of the page
starting with "The principal defense against accidents",
that paragraph and the next paragraph.

After you've read them I want to ask you some
questions.

(The witness reading document.)

Q Now I ask you to look at the language in the 1971
article in the context of what you said in your memcrandum in

1975 to Commissioner Gilinsky under Item One, Design
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Objectives and Safety Design Basis for Water Reactors.
There in your memorandum to Commissioner Gilinsky
I believe, if my recollection is correct, you refer to the
more realistic viewpoint of a spectrum of accidents, each
with probabilities and consequences of its own. And I wonder
if you're thinking in your memorandum to Commissioner Gilinsky
about design objectives.
Is that consistent with what you said in your
1971 article -- and the purpose of this is to make certain
that all of your insights in this area about design objectives
and design basis accidents are as clear as they can be for
purposes of this record.
A I think the comparison of these two references
shows the progression of my thinking. Reference 1044 in 1571
describes the approach that I characterize in Exhibit 1135 as
the "all or nothing approach"”.
Q Right.
A By 1975 I had become somewhat less enchanted with
this approach and recommended that we look for alternatives.
Q Okay.
MR. PARLER: Off the record.
(Discussion off the record.)
MR. PARLER: On the record.
BY MR. PARLER:

Q This 1135, your memorandum to Commissioner Gilinsky,
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although it may be self-explanatory from your covering letter
of transmittal to the Commissioner, what was the occasion for

this memorandum? Did the Commissioner ask you to provide it

or what?
A He called me up and asked me for such an appraisal.
Q What was his response to your memorandum, do you
know?
A I never received any.
Q Have you been asked for a similar appraisal by

any other commissioners?

A No.

Q So this type of memorandum, a response to a request
from a commissioner asking for your candid appraisal of
regulatory policy issues, reactor safety issues, to the best
of your recollection is the only one of its kind in what has
been referred to on past occasions as the "Dr. Hanauer Nugget
File" is that correct?

A No, sir. This has no connection whatever to the

"Nugget File".

Q It does not?
A None whatever.
Q Would you clarify that for m«., please, because I

thought that's how I located this document.
A You did not.

Q Okay.
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A The "Nugget File" is a file I have kept for many
years of events which for one reason or another I wanted to
preserve for my future use. In recent years it consists mostly
of licensee event reports. In earlier times this was not as
well organized, and so the entries before about 1970 are from
a variety of sources, almost all of them in the public domain.

Q Righ &

A A "nugget" being a piece of gold in a much larger
pile of base material not worth saving. There are several
thousand LERs a year, and I save perhaps 50.

Q And I believe you covered what you're talking
about now to some considerable extent in your deposition
before the President's Commission, is that right?

A That's correct.

Q Now wherever I located this document, the Exhibit
1035, whether in your files or anywhere else, as far as you're
aware that's the only document of its kind that you have
produced, is that right, that is to a commissioner on broad
reactor policy questions, reactor safety questions.

A That's correct.

Q Fine.

MR. PARLER: Off the record.
(Discussion off the recrrd.)
MR. PARLER: Back on the record.

BY MR. PARLER:
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Q Dr. Hanauer, I've handed you a memorandum from

yourgalf as Assistant Director for Plant Systems, Division of
Safety Systems, to seven individuals who are the addressees.
The addressees are indicated on the first page of your memo-
randum. The subject is, cne, environmental qualification, two,
instrumentation to follow the course of an accident. The
memorandum is dated 2pril 6, 1979.

MR. PARLER: I'll mark it for identification as
Exhibit 1145.

(Whereupon, *'.e document
referred to was marked as
Exhibit number 1145 for
identification.)

BY MR. PARLER:

Q Now, Dr. Hanauer, my understanding as a layman of
this memorandum, it is that after -- and indeed this was shortly
after April 6th -- the Three Mile Island accident experience,
you had some additional thoughts about regulatory matters.
These are set forth in your memorandur.

Now to the extent that c.. 3e thoughts are of
significance from the standpoint of either broad regulatory
policy matters or regulatory matters that are important to
safety, I would like for you to comment on this memorandum.

I realize, again, that the memorandum speaks for

itself, but -- with the insights that you had that you were
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trying to call t> people's attention and have them explore =--
would you comment on that, please?

A well, first I'd like to characterize the memorandum
differently.

The addressees are the people on the second par
in the list marked "Addressees”.

Q That's right.

A The seven names on the first page received copies.
The addressees are people who work for me or people directly
in my business.

Q That's a good question, by the way. Thank you.

A The people on the first page are my colleagues
and bosses.

The paper must be viewed as an early reaction. I
think it's correct today. But I wouldn't like to characterize
it as my technical reaction to Three Mile Island. It's only a
small part of it.

The two subjects are related. That is to ay, we
were in the throws of losing some of the instrumentation,
primarily the pressurizer level indication that we were using
to maintain the plant shut down in its interim condition. And
this elicited these thoughts about what ought to be qualified
for what kinds of accidents.

Since " was talkinc about instrumentation, this

naturally ied to the subject you've already alluded to, namcly
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instrumentation following the course of an accident, which,
as you point out and as the ACRS pointed out, has not yet been
applied on any reactor.

I think this is really a fairly small part of the
lessons to be learned from Three Mile Island. It's necessary.
There is now a special study going on under Mr. Wenzinger,
W-e-n-z=-ji=-n-g-e-r, to revise not only Reg Guide 1.97, but the
other regulatory guidance in this area.

I think that in thinking over the implications of
the Three Mile Island accident we have to divide the reactions
into two parts. There are, first of all -- or into several
parts -- there are, first of all, the various kinds of
failures and mistakes which contributed to the accident, which
conta.n a substantial amount of information not previously
available and which should be used to improve the design
process and the regulatory process. This is primarily a
technical problem exemplified by some of the hardware recommend-
ations of the lessons learned task force.

Then one can take a somewhat broader view and
use these tecinical items as examples of whole areas in which
the design and review process was inadequate, one obvious
example being the area of environmental gualification and
instrumentation to follow the course of an accident, in which
there were some notable shortcomings. And so we say not just

that the pressurizer level instruments need to be qualified,
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but that the whole idea of what has to be gualified for what
kinds of accidents and what information the operator needs as
he guides a plant through some kind of a severe accident has
to be rethought.

Then on still a higher level of abstraction, one
has to consider whether, as has been discussed in this deposi-
tion already, whether the whole idea of a series of design
basis accidents against which protection has to be provided
as essentially the sole basis of the safety design of the plant
is in fact the satisfactory one. And I've already made a
number of comments on that.

Q Right.

A Finally, at the ultimate level of abstraction is
the question of whether the whole process of private independent
design, construction and operation of nuclear power plants
designed either one at a time or a few at a time in a pro-
liferation of so called standard designs reviewed one at a
time or a few at a time by a government agency with a few
hundred or a few thousand paople, depending on how you reckon
them, supported by a research program cf the present dimensions
is in fact an adegquate enterprise, and whether the public
wants it to be continue?, let down or expanded, and whether
this should be redirected in some substantial way or whether
the present approach is adequate.

On this last point I'd like to make one observation.
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I1f one thinks back a few years one can discern on the order

of once a year events with varying conseguences to the public,
but which have the common characteristic of making the nuclear
industry and the Nuclear Regulatory Commission look like a
bunch of idiots. Examples are the Browns Ferry fire, the
environmental gqualification petition by the Union of Concerned
Scientists and the events that led up to it, the inadequacies
in the seismic evaluation of plants which led to five plants
being shut down, and the Three Mile Island accident.

There are other examples that come to mind. And
so something like once a year one might legitimately guestion
whether the people responsible for nuclear reactor safety know
what they're doing.

Two possible answers at opposite ends of the
spectrum suggest themselves. The first one is that such a
rate of discovery that the nuclear enterprise is conducted by
a bunch of idiots is not tolerable and that a very large
improvement is required to protect public safety and to give
the public the necessary confidence that safety is being
maintained.

At the other end of the spectrum would be a
conclusion that these are complicated machines, that a large
number of people are involved, that people are going to
continue to make mistakes, and that the acceptability of

nuclear power depends on whether or not about once a year it
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is satisfactory for the pecple who are responsible for nuclear
safety to look like idiots.

I believe that a case could be made for either of
these responses, or in fact both, but that the first one, if
true, means that we shouldn't have nuclear power. I think it
would take an enormous effort to reduce the incident rate of
such =-- I'm searching for a word -- perceptions of failure by
a factor of two and that the public would hardly notice ‘.at
the rate had been decreased by a factor of two.

To decrease the lead by a larger factor I think
is probably impossible, and therefore I tend toward the second
answer, that the conduct of this or any other comparable
enterprise will be accompanied by failures and mistakes, that
machines are imperfect and people make mistakes, and that
this is inevitable.

We have designed our plants with a great deal of
that overworked cliche "defense in depth" so as to be resistent
to the consequences of a lot of mistakes and a lot of equipment
failures. Three Mile Island shows us that such failures and
mistakes can pile up to the extent that the plant is essentially
ruined. It can also be argued that Three Mile Island shows us
that even a ruined plant with a large release of fission
products from the core didn't hurt anybody much.

I think the country will have to decide whether

accidents like Three Mile Island are in fact intolerable, in
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'l which case I suspect that the operation of nuclear power

mpb33

. 4l

2 plants is intolerable, We can add six more lines of defense
and protect against the Three Mile Island sequence, but I don't
think we can protect against all possible sequences with a

5} degree of assurance a whole lot better than the one we now
have.

7 I really do think that we ought to do our business
| better, and I think ways can and should be devised to do them.
’ But I don't think this will be the end of our making mistakes.
i Q Dr. Hanauer, from a narrower regulatory perspective

than the broad TMI implications that you've just covered, I

wonder,in the area of safety related equipment,if you have any
‘ '3‘1 thoughts on that. You pointed out in the document which has

|
14 | Pra = " .

1 been marked as Exhibit 1145 you're relying heavily on things
15 | "

4 not defined as safety rela.'d. You say that Browns rferry was
'3 -

| 1like that too.
17 1l : : p

: And I suppose in connection with TMI that one
1 |
’ | could ask whether the PORV manual control system should have
19 .

I been classified as safety related? There seems to be from
- other representations that we have received some uncertainty
2‘5 in that area as to where the regulatory process should go.

‘ 22! Do you have any comments on that?

i
23§ A I'm not much impressed with the importance of your
24 a2 .

T - specific question, whether the PORV should be classed as safety
“‘n"- '

25 | ; . = .

. related or not. I think the guestion is important 1in an

|

!
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entirely different context, namely that whether the PORV is

safety related or not, its malfunction contributed substantially

to a severe accident.

Q Right.

A And it is also used to mitigate event segquences
which in this particular class of reactors can become severe
accidents.

This tells me that another previous dichotomy
between safety systems, which we spend a lot of effort on, and
non-safety systems, on which we spend essentially zero effort,
is not a correct approach, and that a more graduated approach
is needed where equipment in the gray area between safety
related and non-safety related, such as the power operated
relief valve, should get its proper attention.

Q I was going to ask you this question from the
perspective of a layman:

Although one might not be impress:d with the PORV

relief valve example that was given as not being safety related,

is my understanding correct that if a piece of equipment or a
system is deemed by the regulatory procéss to be safety related
that that means that at least theoretically that it receives
greater attention in the regulatory process and therefore one
could believe that it would have a -- be more likely to work

than to fail?

A Well, you have in fact understated it.
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Q Okay.

A Almost the entire attention of the regulatory
process is directly exclusively at safety related equipment.
Only for such equipment, with minor exceptions, are there
any requirements at all. And such equipment is in general
required to be of very high gquality.

Q What are the minor exceptions, if you've finished,
if you recall them?

A Well, I'll have to think a minute.

MR. PARLER: Off the record.

(Discussion off the record.)

MR. PARLER: On the record.

THE WITNESS: Well, one exception -- which is not
a very good example, for reasons I'll tell you in a minute --
is the reactor control system. The reactor control system is
not safety related and has in fact been sorely neglected, but
at least not completely neglected, and to that extent is an
exception to the general rule that I stated earlier.

In fact, I believe now that the previous neglect
of that system should be rectified, and that it should get its
proportionate share of attention based on its potential to
induce accidents if it malfunctions, and to contribute to the
accident's response if it functions correctly.

Q Why isn't the integrated control system, Or the

control system -- you said it was not completely neglected
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even thouch it's not safety related equipment.

Now for the record, could you indicate why, even
though that system is not safety related equipment, it is
neve.theless not completely neglected?

A I think it's only tradition, the idea that the
control of the nuclear reactor was important and difficult,
which is not true, and some vestage of that concern still can
be seen in the non-zero attention the system got.

Q What I'm trying to get to is this, Dr. Hanauver:

It's my understanding that even though the control
system is not considered by the regulatory orgénization as being
safety related for the reason that you just stated again, that
nevertheless in some respects it is treated as if it were
safety related.

Now what I'm trying to get at is in what respects
is the control system treated as if it were safety related?
Maybe I misunderstood your earlier testimony.

A I hope I didn't say that because I didn't intend
to say it. The control system is not treated as safety
related but it gets a degree of regulatory attention in making
sure that its failure would not create or aggrevate an accident
outside the reactor safety design basis. |

MR. PARLER: Mr. Scinto, did you want to ask
something?

MR. SCINTO: Let's go off the record for a minute.
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(Discussion off the record.)

MR. SCINTO: On the record.

THE WITNESS: In thus discussing the reactor
control systems I distinguish 1t from the reactor protection
system which shuts down the nuclear chain reaction and, as
required, initiates engineered safety features, which are
of course a part of the safety design basis of the plant and
are reviewed in detail as part of the regulatory process.

MR. PARLER: Mr. Lanning.

BY MR. LANNING:

Q How does the NRC distinguish between which equip-
ment is safety grade and which equipment is non-safety grade?

A The short answer is that safety related equipment
has to be safety grade. That doesn't say anything.

The requirements are principally set forth in the
Standard Review Plan, although some of the most important ones
are in the general design criteria. The Standard Review Plans
set forth in considerable detail which systems are safety
related and what the requirements are for them, which you
abbreviate by saying "safety grade".

Q Is there a definition in the regulations or used
in practice by the Staff for defining "safety related"?

A There is a definition for "safety related equipment”.
I can't, from memory, tell you where it is.

There is not a definition anywhere for "safety grade"
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It's a form of shorthand. For electrical equipment it usually
means conforming to a group of standards headed by IEEE 279
and 603.

For pressure retaining components it means designed
in accordance with an appropriate section of the ASME boiler-
pressure vessel code Section 3. For other kinds of components
the definitions are different.

MR. PARLER: Off the record.

(Discussion off the record.)

MR. PARLER: Back on the record.

Dr. Hanauer, while we were off the record, remarked
that the exhibits that were previously marked for identifica-
tion only as Exhibit 1137, Exhibit 1141 and Exhibit 1142,
that he would prefer that they not be included in the record of
his deposition even though only marked for identification. His
point was that since he was not guestioned on these exhibits
and did not have an opportunity to express any views at all,
he would prefer that these exhibits which I have just referred
to rot be bound with the record of his deposition.

The binding of these exhibits in the deposition
was primarily for the purpose of administrative convenience,
since it has been known that from time to time we are evicted
because of weather conditions from our premisis. However,
even though that is the case, I find that Dr. Hanauer's

request is entirely reasonable and therefore the list of



exhibits that are identified at the outset of this deposition

shall not inclucde Exhibits 1137, 1141 and 1142, nor should
these three exhibits be bound in the record of the deposition.
THE WITNESS: Thank you.
(Whereupon, the documents
previously identified as
Exhibits 1137, 1141 and
1142 were WITHDRAWN.)
MR. PA"LER: Off the record.
(Discussion off the record.)
MR. PARLER: Back on the record.
BY MR. PARLER:
Q Dr. Hanauer, I hand you a document which I will
mark for identification as Exhibit 1146.
(Whereupon, the document
referred to was marked as
Exhibit number 1146 for
identification.)
This is a document from Harold R. Denton to
Robert B. Minogue, dated July 12, 1979. The subject is
Instrumentation to Assess Nuclear Power Plant Conditions
During and Following an Accident.
Is this subject somathing that you have been

involved in in recent montas?

A Peripherally. I attended the meeting on July 3rd,
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1979, referreéd to in the second paragraph of this memorandum.

Q I gather that the substance of this memorandum
is to try to work something out so that there can be a joint
effort between NRR and Standards in trying to get the
Regulatory Guide 1.97 implemented, is that correct?

A That's correct. The ACRS pointed out correctly
that this guide had not been implemented.In its review of the
Three Mile Island accident the Lessons Learned Task Force
decided that prompt action was needed in this area and felt
that a special group should undertake it rather than diverting
the limited resources of the task force itself.

The result was the meeting described between
Dr. Mattson, head of the Lessons Learned Task Force, and
representatives of Nuclear Reactor Regulation and Standards
Development offices, in which the decisions summarized in
Mr. Denton's memo were taken.

Q In your long experience in the regulatory area
as the technical advisor to the Director of Regulation, and
then to the Executive Director for Operations, is the way
that this issue is being handled, that is at the office level,
typical of the way that major problems that would require
resources of more than one office are coordinated and handled?

A Yes, this often happens. In fact it has been
institutionalized between Nuclear Reactor Regulation and

Research in the form of formalized user needs, and between
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Standards Dsvelopment and Nuclear Reactor Regulation in the
form of standards initiation forms, which are concurred in by
office directors.

Q Suppose that one of the -- or the office director
that the memorandum is directed to of the Director of
Standards Development would have had some higher priority?

How does the organization come to grips with that? I'm asking
you that gquestion, rot necessarily from the standpoint of your
current position, but from the perspective that ycu gained
during your years as the tech. ical advisor to the Executive
Director for Operation and to his predecessor?

A Memos like this are almost always preceded by
informal contacts.

Q wWhat do you mean, things that were sent in advance
and then the memorandum is written?

A The memorandum then formalizes agreements already
reached in almost every case.

Q Suppose agreements cannot be reached between the
principal office director's concern, what then happens?

A Then it has to be considered by the Executive
Direntor for Operations or the Commission.

2 In your experience were there frequent occasions
under wtich there had to be resolutions at those levels,
that is a- either the EDO level or the Commission level?

A No, but it's not unknown.
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Q It's not unknown.

So this Exhibit 1146 from your experience would
be a typical approach in the organization for the resources
of more than one office to be mustered to handle a high
priority item, is that right?

A Yes.

Q All right, thank you.

MR. PARLER: Now I will mark for identification
-~ go ahead, Mr. Lanning.

BY MR. LANNING:

Q In your memorandum to Mr. Gossick, identified as
Exhibit 1143, in the recommendation. section on page 5,
number three states:

"Put a time limit on how long NRR can

delay an IE circular or bulletin.”

Do you have knowledge of examples where I&E
bulletins have been delayed by NRR?

A Yes. I can't be specific, it was too long ago.
But in my investigation of the feedback of operating informa-
tion, the IE circular or bulletin was one important way in
which operating information developed in one plant or one
incident was fed back to the other operating units for their
information or action.

And there was a series of incidents in which

draft circulars or bulletins had been sent to NRR for
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concurrence and had been delayed by many weeks.

Q Do you remember either the subject or the time
frame of these delays?

A The memo was written in April, 1978. It would be
in "Ye months preceding that.

Q Do you know of any subsequent discussions between
Mr. Gossick and NRR and I&E office directors to resolve this
or to implement the recommendations?

A No.

MR. PARLER: Do you have any other guestions?
MR. LANNING: No.
BY MR. PARLER:

Q Dr. Hanauer, I'm going to mark for identification
as Exhibit 1147 what has been represented to me to be
comments by Admiral H. G. Rickover, U.S. Director, Naval
Nuclear Propulsion Program, in a meeting with members of the
President's Commission on the accident at Three Mile Island.

The Admiral's comments are dated three-quarters
down from the top of the first vages with the date July 23,
1979. That is the date of his comments, as far as I am aware.
(Whereupon, the document
referred to was marked as
Exhibit number 1147 for
identification.)

I gather, Dr. Hanauer, that --
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A Do you want to give it a number?

Q Yes, 1147.

You've never seen or read that document before, is
that correct?

A That 1s correct.

Q Adm. Rickover in this document, which I will
certainly give you the time to read, starting on page 6, it
talks about basic principles of the Naval reactors program.
And then later on he discusses other principles which he
believes are important.

In other words, he talks about the basic
principles fo. the Naval nuclear propulsion program, and then
later on he gives ideas of what principles in his judgment
would be sound principles for commercial nuclear power programs.

I would like to try at least, after you have
screened this document, to refer certain things to you
to ask you to comment on. In a number of these areas E
would be my understanding that the material that is involved
is in the same area of the kinds of things that you've already
discussed in the context of guestions that were asked about
the Mangeisdorf report and also questions that were asked
about your memorandum of March 13, 1975, to Commissioner
Gilinsky.

If you would prefer, however, not to proceed on

this route, we will not proceed on this route.
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A Well, I don't mind. I acquired a great respect
€or Adm. Rickover in my review of Naval reactors while a
member of the ACRS. I have been scanning this, and it is
consistent of what I know of his actual operation.

Q All right.

MR. PARLER: Let me go off the record for a second.

(Discussion off the record.)

MR. PAPLER: Back on the record.

BY MR. PARLER:

Q We will start on page 23 of the Admiral's suggested
actions, and the Admira. comments that, in his first suggested
action, that:

"Utility management, as the owners and

operators of the plant, have prime responsibility

for their safety."

There are a number of factors that are involved
in the construction and operation of a nuclear power plant,
the vendors and the architect-engineers. All the utilities
are licensed.

It would appear to this layman at least that the
vendors and the architect-engineers play a very important
role, although they are not licensed. And at least as far as
the architect-engineer is concerned, the architect-engineer
would appear not to be too heavily impacted by the regulatory

process.



mpb46

‘l. 22

24
Ace-Federal Reporters, Inc.
25

123

Now I gather that what the Admiral is saying,
that the utility management as the owners and the operators
of plants have prime responsibility for their safety, that
that principle is reflected in the Nuclear Regulatory
Commission's regulatory approach to the licensing and regula-
tion of commercial nuclear power plants; is that your under-
standing?

A That's my understanding. And the principle is,
of course, embodied in our basic structure and our rules, and
even in the Atomic Energy Act. In almost the sa. 2 breath I
have to say that whereas utility management, when asked, will
invariably say the right words about their contentions
regarding this responsibility, and the architect-engineers and
vendors and others will state the correct things about their
responsibilities for safety as agents or suppliers to the
utility, it's my experience that some decisions are made on
the basis that safety is what the Nuclear Regulatory Commission
requires. And in some areas some utilities do not make any
independent judgments about the safety of their plants.

I think that Adm. Rickover is correct, and that
the attitude that I just described is not correct, an inimical
to safety.

Q Is there anything of which you are aware in the
regulatory process which would encourage or provide any

incentives to utilities that are licensed to operate nuclear
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mpb47 | power plants to go beyond the minimum requirements of the NRC,

‘i «he minimum regulatory requirements? What are the incentives?

' . : A There are no incentives in the regulatory process
4-; since the requirements are all we can impose. The incentives
s‘i would be the decreased risk for the company and the public.
6i Most industry people, including most utility
7! people, honestly believe that since the NRC is way over-
’ i conservative in their requirements anyway the risk to the
’ i company and the public is already negligible and nothing
‘0:' beyond the minimum NRC requirements are justified.
" Q Would you say that the regulatory process to some

extent at least may indeed inhibit innovations in the interest

. i of safety?

. A I'll go further. I think the regulatory process
:
5; strongly inhibits innovation.
16 | : .
; Q What is there in the regulatory process that --
oy A Let me say one thing in answer to the preceding
18 | .
| question.
19 ||
| Q Go ahead, please.
ol A I'd like to point out that the standardization
# policy and the standardization process is an even stronger
‘ ” inhibition on innovation. This has positive and negative
i aspects.
|
24 |
- a o MR. PARLER: Off the record.
25
(Discussion off the record.)
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record what those positive and negative aspects are?

A The positive aspects are the desire to standardize
the designs and to restrict changes of all kinds, including
innovations,in favor of stabilization of the designs, of the
safety design basis, of our understanding of the machines,
and of the similarity of the many machines that we have tc
deal with.

This is in fact the basis for the standardization
policy.
The negative aspect is that such of these innova-

MR. PARLER: On the record.

BY MR. PARLER:

Q Dr. Hanauer, would you please elaborate on the
tions that are in fact improvements in safety are equally

tion policy characterized as in fact standardizing only the

inhibited.
Q All right.
MR. SCINTO: 1I've got a follow=-on, if you'll let
me, Bill.
MR. PARLER: Go ahead and ask it. 1
BY MR. SCINTO:
Q Dr. Hanauer, I've sometimes heard the standardiza-

NRC regulatory review and not in fact standardizing the *
desians of the plants subject to that review.

Could you comment on that?
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A Well, if it's true, this wouldn't be standardiza-
tion at all. The reason -- Let me go back.

The standardization policy of the Commission and
the Commission regulations related to the standardization
clearly envisage standardization of designs. Standardization
of review, economization of review and elimination of
repetitious review makes sense only if the designs of the
plants themselves are standardized.

BY MR. PARLER:

Q Moving over to page 27, ple:ase, of this exhibit,
Item number three, Adm. Riékover says:

"There shnuld be a government representa-

tive in the control room at all times with the

authority to shut the plant down if he believes

this to be necessary for safety."”

If this is an area you have an interest in or a
point of view on, would you care to comment? If not, then
we'll proceed.

A Yes. I worked for years with an operating
organization at Oak Ridge. I think the increment of safety
provided by this is very small, that almost all of our bad
accidents happen to plants that were nominally shut down, or
plants that were in fact shut down without any difficulty as
far as the immediate shutdown was concerned and then got into

trouble one way or another.



In the Three Mile Island plant, for example, the
decision to shut down was an automatic one caused by the
scram being initiated. And there would, in fact, have been
no difference in the Three Mile Island event had Adm. Rickover's
recommendation been taken.

A more serious possibility in my opinion would be

the potential for an independent representative -- for

example, a government employee =-- in providing an independent

and somewhat detached point of view in a degraded situation.
It's difficult to speculate whether Adm. Rickove~'s government
representative might have had a clearer inright as to the
incorrect actions and the incorrect inferences which were

drawn by the operators in the Three Mile Island control room,

whether he could have pointed out the trend of the plant
3 toward saturation in the primary system and the other less

]6, obvious mistakes in evaluating the situation which were made

| by the operating people.
‘BJ I think that the Lessons Learned Task Force

| recommendations for improved control room manning addressed

2°§ this question in a more direct way, and I'm not inclined
|
|
2‘{ to favor Adm. Rickover's suggestion. |
' |
. “ Q Briefly, what is the more direct way that the |
2ai Lessons Learned Task Force approached the thing, without going
o into detail?
Ace-Federal Reportars, Inc, .
25

A It relates to the command provisions and to the
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establishment of the technical advisor position in the control
room to be manned around-the-clock.

Q Would that be an advisor who is an engineering
graduate, a nucléar engineer or something?

A Yes. 1I'll refer you to the Lessons Learned
report, which I don't want to characterize.

Q I was not asking you, Dr. Hanauer, to characterize
it, or I did not intend to. But I want to get to this ques~-
tion:

I gather from what you have said that it may well
be that under circumstances such as TMI-2 that the ,resence of
the governmenc representative may not have made a difference.
Is my understanding of what you said correct?

A Well, I was speculating on whether it might have
made a difference, and it just might have. But the fact that
he was there with authority to shut the plant down I felt was

rather irrelevant.

The plant shut itself down and then got into big
trouble.

Q Well, if you would have somebody in the plant who
was not a government representative with authority to shut the
plant down, but a nuclear enginee: who had had some experience,
would you speculation be the same?

A Well, that's the recommendation of the Lessons

Learned Task Force, which I endorse.




All right.

Item number four in Adm. Rickover's list is that:

"All activities involved with nuclear

power, utilities, reactor vendors, manufacturers

and regulatory agencies must establish and

attain as permanent a staff as possible as

long as they perform well."

8 :

. Is there anything in the regulations that you are
9

aware of or in our regulatory policies that addresses itself

10 |

| to this point?
1 |

| A No. This is almost a cliche. As far as *he
12 |

regulatory == I'm on page 28 of the same reference, now.
13|
‘ : "To retain people, they must be paid

14 |

| adequately. More important, to attract and
1S |

; retain good technical people, they must be
16 |

trained and given authority and responsibility.

17 | :

i Nothing causes technical people to leave more
18 ||

% quickly than not being able to do their
19 |

| technical jobs properly.” |
20 | |

; And so on.
21

These are almost cliches. They are, of course,
correct. The regulatory rrogram does not address these sorts

of things. Many of the regulatory policies are viewed by

24
Ace-Fecersi Reporters, Inc.
25

plant personnel, designers, architect-engineers, as making

their jobs less attractive. They are always subject to quality
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mpb53 1 assurance inspectors peaking over their shoulder. They get
2 | their cperator licenses jeopardized.
. 3 ' And I don't know what to do with your gquestion

‘ except to remark that regulatory necessities sometimes work

against this.

6! Q Well, let me help you with what to do with the

70 question. Let's move away from the cliche part, if you will,
8‘ Dr. Hanauer, back to what I thought was the fundamental point
J that was being made, and that is that there is something to

" say for having qualified people around for some period of time

and not have a continuing transfer of people from one place to

'25 another, have a head or a chairman of the plant operations

' '35 review committee for three months and then another one for :
“? the next three months, et cetera; have one unit superintendent |
'Si for several months and then another one.
16| The stability of people in key positions, the
17|

j qualifications of people that are in those positions, is that

18” something that our regulatory process gets involved in as far

@ as you are aware?
20{ A Not at all, as far as I am aware.
a Q All right. That's the gquestion.
. 2 The : 2xt question is: Should it, in your judgement‘?
23 A I don't offhand see how. It's a highly desirable
~"~"n“”"'t:: state of affairs that I don't see how to promote in a regula-
3 tory fashion.

IR - SR Lo e L S e gl U Ve s il e s R s e ek
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1
mpb54 Q The next item that Adm. Rickover talks about,
$7 | plant design, control room training, and so forth, should be
standardized insofar as practical. In this discussion today

L
- .
! you'"~ -.dressed yourself to standardization on several
|
|

5 : :
occasisns. Perhaps there's nothing else to add here. 1Is that
6| )
l right?
71l :
: A That's what I think.
8 | .
S N p ! , Q Now on page 29, Adm. Rickover says:
9
i "Minimize reliance on autcmation and
10 ||
z computer control."
<
11
; And I don't kiiow whether what he says here is
12 |

| inconsistent with what you said earlier or not. If you would
& 1

14

care to comment on this?

It certainly is, by the viy, just as a comment,

15 |
| and as the Admiral points out, his recommendation or his
16
thinking here runs counter to the belief of scme others,which
17
4 may not include you.
18 || .
il A It does.
19 II
g What he stated is a desired effect which may or
20 |
may not be capable of achievement. The plant, he suggests,
21 | }
‘ should be designed and built in a simple stable fashion, but
22
that's not always possible, nor is it true necessarily of
23
Naval facilities either.
24
Aco-Feders) Reporters, Ine. Furthermore, for routine control and management
25 .
tasks it would seem better to me to program a machine, computer,
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if you like, to do the things which are best done by a machine,
and leave for the human operator those taings which are done
better by humans than by machines.

This is an old argument.

Q About the point that is made about the bottom of
page 30, it says:

"An inherently stable reactor makes

fewer demands on the control systems and the
operators. Therefore it results in a simply
more reliable plant, et cetera."

In the context of the Babcock and Wilcox design,
and prior to the bulletins and orders, corrections, after
March 28, 1979, do you have any thoughts on the extent to
which the sensitivity of a reactor should be a factor in the
regulatory process?

I don't know whether I'm communicating clearly the

question or not. It's a question of a layman --

A Yes, you are.
Q Okay.
A Yes, I think so, and I've suggested infurmally

that we re > ly don't know enough to quantify sensitivity and
to 4~ “#:; ' w much sensitivity is too much.

It's clear that the Babcock design reacts more
quickly and overshcots more violently than the other two

current pressurized water reactor designs. It's not clear
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that this makes it unsatisfactory, but only by comparison to
the others it has a more difficult control problem. This is
why the Babcock and Wilcox integrated contro l system was
devised in order to provide for the plant and its control
system a more stable and less sensitive response.
Q The Admiral's export item number seven, which is
on page 31, Dr. Hanauer is:
"Simplify and reduce the size of the
control rooms."
I don't know whether you have any comment on that
or not. Do you, sir?
A Yes. I used to design control rooms for a living.
The control room at Three Mile Island and most
other control rooms in nuclear pow . plants now in ope.ation
could have been designed by my colleagues and me in the early
19 0s. They make no use, or very nearly no use of any
improvements in hardware of understanding acqguired since that
time.
They are built without adequate consideration of
the limitations of the human body or the human brain. And
I believe that it's very important to improve the design of
control rooms to the extent that I think it will be found
appropriate to veguire the backfitting of almost all the
existing control rooms.

We have now a new generation of control rooms,
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starting at the Susquehanna Plant, where the man-machine
interface is managed in an entirely different way through the
use of a computer interface and cathode ray tubes.

One of the most attractive features of this control
room is that we don't know yet what the problems are, and our
early experience with the new control rocom designs I predict
will be just terrible until we shake them down.

Furthermore, the data presentation, information
presentation to the operator and the utilization of the
potential of a computer interface is in fact rudamentary and
even childish in its early designs, which is not surprising.
It's a little like trying to use the first big digital computers
pbefore we had invented FORTRAN and other languages to address
them.

The machines were ludicrously better than the
capability of the people to use them. This is going to be
true of the new control rooms, and I would therefore not jump
up today and require that all plants be backfitted with them.

However, after a period of experience in which I
trust that some altogether new and now unforeseen methods
comparable to the development of FORTRAN in digital computer
programming will be developed to communicate these data from
the plant to the operator. I think it will become appropriate
to backfit improved control rooms in all plants.

I1'd like to say one more thing.
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Q Go ahead.

A On the bottom of page 31 and the top of page 32 a
report by the Electric Power Research Institute is identified.

3 Yes.

A This report itemizes in devastating length and
detail the shortcomings of a number of control rooms identical
in concept and similar in design to the one at Three Mile
Island.

As far as I know, no action has been taken to
ameliorate the worst aspects of these control rooms in exist-
ing plants.

Q The situation that you have alluded to in your
answer, or in your comment, at this point as well as earlier,
the lack of progress in the area of control room design, do
you attribute that to the influence of the experience that the

utilities have had with the fossil plants?

A Partly.
Q Partl,, to the lack of what? Regulatory push =--
A Utilities, there are a number of reascns for it.

In the first place utilities are very conservative technically.
In the second place, they got sold a very bad bill of goods.
They -- right after World War II they bought a bunch of

vacuum tube control equipment which had a terrible availability
record, and it cost them a large amount of money in decreased

plant availability.



Q You're talking about fossil plants now?
A Yes. There weren't any nuclear plants right after
World War II.

To this must be added the generally regressive
nature of the Nuclear Regulatcry Commission review, particularly
in this area, which is in general inimical to improvements
and treats them with a very large number of negative guestions
and positions, even when there is an obvious safety improvement
involved.

I blush to admit that that branch is under my
supervision or was for some period of time.

Q Which one is that?
A Instrumentation and Controls.
Q I see.

Speaking of instrumentation and controls, Adm.
Rickover's point number nine refers, at the bottom of page
32, to instrumentation matters, direct reading instruments,
et cetera. I don't know whether there is anything in that
discussion that you want to comment on, Or even if you've had
time to reflect on what the Admiral said.

A I'm just scanning it. It seems eminently sensible

All right.

IWell, I suppose, at the bottom of page 35, item

eleven, at least for purposes of the record I should ask you
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to comment on the Admiral's point that:

"Do not succumb to calls for more

research and development as a response to
the Three Mile Island incident.”

You should take time to read what he has said
on that page and at the top of the next page. And if you'd
care to comment, I'd appreciate it.

(The witness reading.)

A I agree completely. I have in fact seen, both
inside and outside the government, very large research

proposals based nominally on Three Mile Island.

Q Is that all you have to say about that, sir?
R Yes, sir.
Q All right.

Let me move back, if you don't mind, or turn back
to page 10A.
This page covers some of the principles that the
Admiral follows for nuclear power propulsion programs. I'm
talking about the second item from the top there. That's
what I'm going to refer to.
He says:
"Design, build, operate and maintain the
plant so as to prevent accidents rather than
relying on systems and procedures provided to

cope with accidents after they occur.”
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It would appear to me as a layman, Dr. Hanauer,
that perhaps the regulatory approach of the Nuclear Regulatory '
Commission is just the reverse. It's concerned with the
mitigation of accidents after they happen. To me as a lay-
man that is the essence of the design basis accident approach.

Would you please comment and correct me if I'm
wrong?

A Yes. This was widely misunderstood, although not
by Adm. Rickover.

In principle, we subscribe completely to the first
part of that sentence and it's one of the echelons of defense.
And as the Manglesdorf panel pointed out, it is in fact the
most important of the echelons of defense. 1

If I were building weapons that had to fly or
swim or go under the sea, I might take tnhe emphasis that the
Admiral gives. If I'm building nuclear power plants with
thermal power in the 3- to 4000 megawatt range, I would 1lil =
to have an additional echelon of defense, which he tends to
deprecate, namely, I want the machine built, designed,
operated and maintained so as to prevent accidents. And then
T want it acknowledged that “he designing, building, opera-
tion and maintenance of these plants will be less than perfect,
that equipment will fail, people will make mistakes. And I

want systems and procedures provided to cope with accidents

after they occur in addition.
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Now maybe I can't cram all of that onto a sub-

mpb62

marine, but I can put it on a nuclear power plant, and I want

. . : both.
4:i My point is that whereas in other in other
’ ' designs one may have to choose, I don't think we do in nuclear
6% power plants.
7@ Q It's clear from what you have said that in the
ai commercial nuclear power area that the emphasis should be
. [ placed on both preventing accidents as well as mitigating the
- ! effects of accidents if the accident has happened.
“: A I believe strongly that this is the case.
‘2: Q Okay.
. " Now where is the -- other than quality assurance,

how does the regulatory program, that is the NRC, emphasize

the provisional aspect? Would you pursue that a little bit

bt more, please -- Let me make one other statement.

:7l There are some inspectors in the field that have

18;} represented to us that when there is an immediate safety

‘9¢ problem that they have encountered, they don't have any problem

20; at all receiving attention from headgquarters. But if there

21i is something that is preventive in nature, at least in their
. 22! judgment, they have great difficulty, or at least some of them

23: have experienced great difficulty in getting people to pay

‘,Jd_uaﬂnnwtiiq attention to their concerns.
25 |

Thos: examples may or may not be correct, but that

i
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mpb63 1 is one of the reasons why I am asking you for your views as to
zﬁ how, beyond ¢ iality assurance, the regulatory process deals
35 with, emphasizes the preventive aspects,
. *] A Our primary reliance, aside from the quality
5? assurance program, with the preven-ive aspects has been all
6] in the fact that it is to +he utilities' self-interest to
7? design, build, operate and maintain the plants so as to prevent
3} accidents which involve down-time.
91 I think consistent with their discussion of control
10 | systems, for example, which are to prevent accidents, I think
‘]i» we have probably overdone it and that we probably have to
|
‘2% pay more attention to preventive devices of which control
‘ ‘33 systems are an example.
“: Q Okay .
'Sg Moving back to the area of the generic items, it's
‘65 my understanding -- and perhaps you testified earlier -- that
‘7§ the original list of some 133 items have been or has been
wé reduced to 19, with the addition of -- what? -- the B6 item
lgi! that I believe you referred to.
20{ There are sume who may believe that this reduction
21| may have come about in large measure because of the definition
‘ 22| of unresolved safety item that someone came up with in the
23| past.
24 Do you care to comment on that?
Ace-Federal Repc ters, Inc.
23 A Well, I don't think you've characterized very well
|
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the description I gave of the process which you characterize

as reduction.

The situation was such that it seemed obvious
that all 130 items did not have equal priority, and that
there weren't enough resources to get them all done promptly.

Q Right.
A And therefore there was a prioritization.

The definition and concoction of the term
"unresolved safety issue" was in fact done by Congress in a
clause in the authorization bill a couple of years ago. The
Commission's definition of an "unresolved safety issue" was
given as a response to that. It was devised by the Staff and
approved by the Commission.

The unresolved safety issues are therefore those
of the generic items which have the highest priority which are
the most serious or potentially serious to safety which
involve more than one plant and which have at least the
potential for being unsatisfactory in their present state for
the lives of the plant.

Q Right.

A Now I'm not sure I understand your question in
that context.

Q Incidentally, just for the clarification of the
record, I was not in my quest.ion characterizing your early

testimony. My point was that some have represented =-- some,
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not me -- have represented that one of the reasons why the
long list of 133 could have been reduced to the 19 was because
of a vague definition of unresolved safety items or allegedly
vague definition of unresolved safet; items which could mean
different things to different people.

I have gathered, and it's my understanding from what
you have said just now a minute or so ago, as well as earlier
in this deposition, that such in your judgement is not the case,
that the priorities that we now have are indeed based on wiil*
sound analysis which has resulted in an icsntification of those
things which are of the greatest importance to the safety of
nuclear power reactors.

Is that what =--

A Yes, I described that process in earlier testimony.

Q Okay.

MR. LANNING: I have a guestion.

BY MR. LANNING:

Q As part of the Technical Activities Steering
Committee. it's my understanding that a group of individuals
reported to that committee to prioritize the generic issues
by considering each issue and assigning a point value based
on some guidance. And it is this technique which resulted in
the prioritization of the generic issues.

Is this the process that you're referring to as

being properly quantified as to the safety of the issue?
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=) As I testified earlier, the process actually went
in three steps, of which you have described the second.

The first step was a study by the probabilistic
analysis staff of the risk potential in each one of the issue:=.
And this resulted in an evaluation for each one, of the impact
on public health and safety of resolving the issue. This was
one of the inputs to the process which you have described, and
was in fact the largest contributor to the point rating which
also cons:dered other factors, requests from the ACRS, promises
that were made to somebody, efficiency o>f the regulatory
process, environmental effects and other things.

This was all reviewed by the Technical Activities
Steering Committee, and in the case of the unresolved safety
issues, by the Commission. And the result is the priority
values that I described.

MR. SCINTO: I'd like to clarify the time.

MR. PARLER: Go ahead.

BY MR. SCINTO:

Q In chis review, the one in which you have indicated
the Commission was involved, was that -- do you have in mind
when we're talking about that review, the review in which the
Commission overrode the recommendation by Mr. Denton with
respect to at least one issue, and that was on system inter-
actions?

A That's correct.
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Q Okay.
A It took place about a year ago.
Q Right.

1f I mischaracterized it, change that. I'm just
trying to identify the timing.

A That's correct.

Q Okay.

BY MR. PARLER:

Q I gather that what you have been talking about is
around November 27, 1978, SECY, S-E-C-Y, paper 78-616, a
paper from Harold Denton to the Commissioners entitled
Reporting the Progress of Resolution of Unresolved Safety
Issues in the NRC Annual Report, and there is a companion
paper which is in the book that I just showed Dr. Hanauer,

a paper 78-616A, which is responsive to the concern of the

Commission about certain items that the Commission believes
should be included on the unresolved list, one of which was
Task A-17, Systems Interactions of Nuclear Power Plants.

But the reason I had this book out, Dr. Hanauer,
was to ask you if the draft report of the probabilistic analysis
staff, which is in this Staff paper, SECY-78-616, is it
still a draft report, or has that group submitted its final
report?

I can show you what I'm talking about if my ques-

tion isn't clear.
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mpb68 I MR. PARLFR: Let's go off the record while I'm

looking for this.

' . | (Discussion off the record.)
88 4»i MR. PARLER: On the record.

. i BY MR. PARLER:
; i Q Dr. Hanauer, to the best of your knowle ige and
7 recollection, has the probabilistic analysis staff draft
. report or draft summary report on a risk base categorization
: of NRC technical and generic issues, has there ever been a
. final report to your knowledge put out by that staff on the
]‘; subject?
122 A I don't know.

. 135 Q Okay.
‘4; MR. PARLER: Off the record.
ol (Discussion off the record.)
]6; MR. PARLER: Back on the record.
}7% BY MR. PARLER:
18 |

I Q Before the luncheon recess there was some reference

19& to a Commission decision on a Union of Concerned Scientists'
20

petition about the environmental qualification of electrical

connectors.

MR. PARLER: And I gather that you're going to

23 |
E get, Mr. Scinto, a copy of the Commission's decision for
24 |
Aaid.,.mm,m,mi Dr. Hanauer to look at. Would you proceed with that, please,
25

sir.
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MR. SCINTO: Yes.
BY MR. SCINTO:

Q Dr. Hanauer, I believe during the break you have
gotten a copy of the Commission decision I was referring to.
It's an April, 1978, decision in connection with the petition
of the Union of Concerned Scientists.

A Yes, sir. 1It's to be found in Nuclear Regulatory
Commission Issuances, Volume 7, number 4, and it starts on
page 400.

Q Among the issues touched on by the Commission in
that decision is a brief -- I believe a brief discussion of
the single failure criteria as it was raised in the context of
that issue.

A It's done twice, and the two discussions are almost
identical. The better one is in the middle of page 427.

Q The question I would ask, Dr. Hanauer, is:

You had in connection with your decision == Mr.
Parler “ad identified -- I need the exhibit on single failures.

MR. PARLER: Okay. 1I'll get it for you.

THE WITNESS: The one on single failures or the
one on =-- the Gilinsky memo.

MR. PARLER: 1135.

THE WITNESS: It's that one.

BY MR. SCINTO:

Q In connection with your discussion with Mr. Parler



147
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mpb70 earlier today in connection with Exhibit 1135, I believe you
2
' noted that you had -- that thi: memorandum you wrote to
3| L L : .
. | Commissioner Gilinsky had pointed out some problems associated
4 . . ¢ . . : :
{ with the ar-lication of the single failure criteria.
§
| My guestion to you is:
) | . .
; How would you characterize the Commission's
' discussion of the single failure criteria in the UCS petition
. as it bears upon the problems you discussed with Commissioner
9 | s . o . .l
} Gilinsky? 1Is it beneficial, is it not beneficial? How would
10 || . . _
| you characterize the =-- whatever guidance there is in that
|
1
‘ Commission decision with respect to the single failure criteria?
12 |
| A It doesn't treat this problem at all.
& "
‘ Q Thank you.
14 |
‘ MR. PARLER: Off the record.
18 | : .
| (Discussion off the record.)
16|
MR. PARLER: Back on the record.
17
I BY MR. PARLER:
18 | .
| Q Before we go into other areas, Dr. Hanauer, there
19 |
j are a couple of other questions in the safety area that I
20 | ,
would like to ask you.
21 , :
, I understand that in the regulatory area, particular-
® nll . e
5 ly in technical specifications for nuclear power plants, that
23 | . . . .
} there is such a thing as safety limits, and such a thing as
24 | :
PP reaea——— safety margins.
25 |
| Am I correct thus far?
|
{

|
i
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A Yes. You're outside my expertise.

Q All right.

A I don't deal with technical specifications much.
Q All right.

The question that 1 was going to ask you =-- but
I will honor the statement that you just made, but let me go
ahead and ask the guestion =-- is:

How does the NRC establish the things that have
to be covered as safety limits to provide reasonable assurance
that the public health and safety is protected against undue
risk?

Tf that question is outside the area that you're
involved in, please so indicate and we will move on to something
else.

A I'll give you a short answer.

There's a group that works on this subject pretty
much constantly reviewing tech specs and issuing improved
editions of standard tech specs which have been developed for
the classes of plants.

The question, the more interesting question is:
how is it decided which things should have tech specs based
on them at all? There is no simple answer. This is based on
operating experience, review experience, accident analysis,
particularly in Chapter 15 of the Safety Analysis Report which

shows not only what the assumed values of the parameters are,
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but what the sensitivities are in the SARs and in technical
reports which we have requiired to be submitted.

This tells us what are the things that are
important to the safety analysis and important to the safety
of the plant, and those are the things we write tech specs
about.

Q Fine.

Dr. Hanauer, the reason that simple gquestion was
asked by this layman is because it would appear in numerous
places that decisions in the regulatory area are made on the
basis of engineering judgment, and I was wondering how the
process worked so that the engineering judgment could deal
with refinements such as things such as safety limits, which
would be what I would understand to be the hard core that is
required for safety purposes, and then safety margins.

But I think you have answered my questions. I
was just explaining to you why I asked it.

MR. PARLER: Mr. Lanning, would you ask the
quality assurance questions, please, about the Browns Ferry
recommendations?

BY MR. LANNING:

Q As part of your investigation into the Browns
Ferry incident, were there recommendations concerning quality
assurance programs?

A Yes, there were. They are to be found in
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NUREG-0050. They are summarized in Section 1.6.4, starting
on page 6, and they are discussed in additional detail in
Section 5.2 on page 49 and in Section 6.3.2 on page 57.

Q Are there any of those recommendations that in your

mind are more important, that require Commission attention?

A More important than what?
Q Than the others?
A Well, I have to renind myself of them. The report

is now four years old.

(The witness reviewing document.)

Let me just characterize them and talk about them
briefly.

The first recommendation related to the demcastrated
inadeguacies in the Browns Ferry QA program. The study group
did not consider or evaluate the new program which was reviewed
in the usual way, and I haven't reviewed it and don't have an
opinion about it.

The quality assurance requirements were being
revised and the application of the quality assurance require-
ments to the plants was in a state of flux at that time, and in
fact the Browns Ferry quality assurance program had never been
reviewed.

The special review group formed to evaluate the
Browns "erry fire, of which NUREG-0050 is the report, stated

QA programs of all nuclear power plants' licensees should be
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reviewed. QA programs in some operating plants that are known
not to conform to current standards should be upgraded promptly.
As far as I know, this review has been completed.
I don't know how prompt it was. The NRC review of licensee
QA programs should be correspondingly upgraded in particular
to include explicitly fire protection. This has been done.
And provisions to maintain important functions in spite of
a fire. This has been done.
So the explicit recommendations have been accom-
plished.

Q Are you aware that there is not a criterion in
Aprendix B requiring or addressing maintenance, preventive
maintenance?

A No, I haven't read Appendix B in years.

MR. PARLER: Off the record.
(Discussion off the record.)

MR. PARLER: Back on the record.
Let me try to ask this question.
BY MR. PARLER:

Q Dr. Hanauer, some have representative their belief
that the adjudicatory process in the licensing of nuclear
power reactors has an inhibiting effect on full discussion of
the safety issues by the Staff in its Safety Evaluation
Reports.

I guess the first thing I should ask you is:
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Have you had any experience in adjudicatory

proceedings before Atomic Safety and Licensing Boards?

A Never in a licensing case; only in a rulemaking
hearing.
Q With that understanding, that your experience

has been limited to rulemaking hearings, do you have any
comment on the view that I have just tried to express that
some people have, that is that the adjudicatory process could
have a negative effect on the quality of the Safety Evaluation
Reports?

A I've never experienced it, 2ad I worked for many
meonths in the generation of Safety Evaluation Reports as
assistant director for plant systems.

Q Okay.

Dr. Hanauer, one of the issues that the Special
Inquiry Group is looking at is the rush to commercial opera-
tion issue by Metropolitan Edison.

In your regulatory experience have you been
involved in issues that relate to commercial operation or
placing a plant in commercial operation?

A Not at all.

Q Have you ever been involved in the structure of
the testing programs and the power ascension program == that's
a-s-c-e-n-s-i-o-n was what I was trying to say --

A Yes. I've looked at some of them.
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Q Do you happen to recall whether there is anything
that would be a useful benchmark in that area that is to be used
for comparing schedules for tests to see whether one is a
reasonably thorough approach on a realistic schedule or are
these things, generally speaking =-- these things being the
testing programs, et cetera -- largely dependent upon
particular plants and individual situations?

A I don't have enough experience to comment.

Q All right.

Dr. Hanauer, at this point I have finished the
questions I have to ask you. I will now turn this over to
Mr. Scinto.

On b=ahalf of myself and my colleagues I would
thank you very much, sir, for your cooperation and help.

Mr. Scinto?

MR. SCINTO: Right.

Are you packing up?

MR. PARLER: Off the record.

(Discussion off the record.)

MR. PARLER: On the record.

BY MR. SCINTO:

Q Dr. Hanauer, my questions will be aimed in a
different direction. I am going to get into some detail into
your personal participation in the Commission's response to the

Three Mile Island accident.
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mpb77 ‘ f When were you personally informed that there was

2| an incident or an accident involving the Three Mile Island
e ’ | facility?
4‘l A I don': guess I remember. I'm going to consult my
5! log ==~
. i Q Please do.
7? A -- of Three Mile Island, which has already been
Bi furnished to you. It's entitled "TLree Mile Island Accident,
|

9% S. H. Hanauer, Log Book Number 1".

I knew about it on the 28th, but I don't remember

o

how I found out. And . did not participate actively in it

1
12 | .
‘ until a couple of days thereafter. On March 30th I was at an
i ACRS Subcommittee meeting in Phoenix. Before I left on the 29th
i |
|
|
l
{
I
I
|
t

14
I called the incident center and talked to Mr. Case to get an

15

| update as of that time because I knew the ACRS Subcommittee
16 :

| would want to hear it.
17 | . . :

| I went to Phoenix. I did my thing for the morning
18 || -

. of the 30th. At noon I received a telephone call from Mr.
19

| Tedesco instructing me to return, which I did.
20 | Ty

: After some vicissitudes, I checked into the inci-
21

Q Fine.

|
e =

!
I dent center at about 2 a.m. on the 3lst of March.
!
|

There are two things I wanted to make clear:

|
24 |
Ace-Federal Reporters, Inc

25 | . |
| be referring to notes or documents. I'd like to make it clear

!

|
il

In the course of the deposition you may very well
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mpb78 12 at times when you're relying on the document for the informa-

2} tion and when the document is being used for your personal
' . ] recollecticn.
x Most of my questions are going to be directed to
5 your personal recollection. And if you don't recall them,
. you know, that's perfectly okay too. A lot of material that's
7i in documents we can find in the documents, and I don't need
8} to ask you to repeat material that's in a document. So what-
.

9‘ ever it is, make it as clear as you can, okay?
" Okay.
“T So you've indicated that you had a brief telephone
12|

conversation on the 30th with Mr. Case.

@ o A 29th.

14 |

Q On the 29th. |
]55 That would be Thursday? |
‘6; A Yes. That was not my first inkling of the accident,
Lt but I was getting updated.
}84 Q Your first inkling I'm now willing to go past.
lgf It was an updating on the Thursday, the 29th,
* 4 before you left for Phoenix?
2’j A Yes.
‘ 22 E' Q Was that early in the day or late in the day?
2 A Noontime.
2| .
Aaiumuaumanmi Q Fine.
zsi Do you recall the gist of what Mr. Case told you
;
I

l
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about the condition of t*. reactor, particularly the condition
of the core?

A Yes, and it's also on the incident center tape.

I don't recall what terms we used; we discussed the sequence
of events that had happened on Wednesday, the activities of
the operating staff.

My recollection is -- and I'm quite clear about
this =-- that it was clear to me that the core was substantially
damaged at that time.

Q Was it your impression from that phone call that
~onditions then, on Thursday at noon, were generally stable?

A Yes, that was the impression I got. But neither
Mr. Case nor I, in talking it over, felt that we had really
reached a stable situation.

Q By that last comment, you mean the long term
stable situation?

A No. +Ihe core was felt by the operators to be in a
stable situation. The primary coolant pump was running. The
temperatures were coming down. But we were uneasy about it.
We didn't feel there was any immediate -- we felt that it was
all right for me to go to Phoenix, for example.

Q I'm trying to draw your recollection back to that
conversation. at that time before you left for Phoenix.

A Yes.

Q Did you have in mind a picture of a core in which

O s st e N L D e ST e
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mpb80 ‘ there had been a significant amount of metal-water reaction?
2 : .
- What was in your mind?
3 | . | | e
. | A What was in my mind was a fairly unspecific picture
E
4| R
; of a damaged core. I saw the gap activity pretty much out.
5 1
' I don't remember whether I felt metal-water or not.
6 | TR
| Q Now you indicated the reason you wanted to get
7| . .
| filled in on the current status on Thursday is you felt that
CI : s :
| the ACRS Subcommittee that you were going to attend a meeting
9 |
| of would want to know.
10 |
: A Yes.
1
| Q Did you inform the ACRS Subcommittee?
12 | .
A Yes, I did.
R |
} Q And generally conveyed the picture vou conveyed
14 ||
| now?
15 || .
| A Yes. I discussed the sequence as we then under-
|
16 i
. stood it, and the situation in the core as we then understood
il
| it.
18 | : T :
| Q Anybody ask about significant generation of metal-
19 |
| water reaction, a significant amount of metal-water reaction?
20 |
' A I don't recall it, but it wasn't an important
21! :
| thing that I would be likely to recall.
L 2| .
Q Fine. Okay.
23| . . .
i I think you just test’ . ied you were called on
24 :
Ace Federal Reporters, Inc. Friday, the 30th --
25
A Yes.
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Q -- and asked to return from Phoenix.
A Yes.
Q Generally what was the gist of the information

you received on the pnone call asking you to return?

A I got very little information, except that every-
body was getting tired out. It looked as though it was going
to be a fairly long drawn-out thing and I was needed.

Q Okay.

A I remember Mr. Tedesco saying that we seem to
have releases at least comparable to TID releases in the
containment and maybe higher.

Q Okay.

Now approximately what time was this phone call?

A About noon on Friday.

Q Okay.

In that conversation on Friday, do you recall being

informed that there was a very high activity primary coolant
sample taken?

A No, I don't recall that. The idea that everything
was very radioactive was clear, and as I just testified, we --
Mr. Tedesco told me that the activity in containment was very
high.

The sample I don't recall hearing about.
Q You I believe just testified that you arrived back

in Bethesda at around 2 a.m.
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A I arrived at the incident center almost exactly at
2 a.m,

Q m™hat was going to be my guestion, -as where.

A I went directly from the airporc.

Q To the incident response center?

A Yes.

Q Okay.

Now when you got to the incident respinse center
who was there?
A Oh, I don't have an organized rerollection. Peoplé
came and went.
Q Do you recall who the senior f{itaff people were?
o I reported in the next few days to one of three
people who rotated. They were Don Davis, Darrell Eisenhut =--
Q I think in your Presidential Commissioun Jevosition
you menticned Brian Grimes.
A Yes, Briar Grimes.
Q Okay.
I recognize that -- I'm trying to push your
memory ==
A Mr. Case came and went, Mr. Gossick came and went,
Commissioners came and went. I can't tell you was there at the
moment.
Q Fine. I am pushing your memory, and if you can't

recall --
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L No, I really can't.
Q Okay. Fine.

Now when you arrived at 2 a.m., did you then

undertake any duties?
B Yes.
A Okay.

Wwhat were the duties, briefly described, you
undertock commencing about 2 a.m. on that Saturday morning?

A I'm now refr2shing my memory from my notes taken
at that time. These are the notes which I mcde at that time.

The first thing I looked into was the radiation
of the reactor coolant pumps. We had gotten a note from
Babcock and Wilcox that the main circulating pumps might have
a problem with the radiation resistence of the condensers. I
copied out of various references and organized the information
on the main circulating pumps and their components and the
radiation resistence.

I talked to Mr. Taylor of Babcock and Wilcox and
concluded that there was no immediate problem in spite of the
earlier message from Babcock and Wilcox, furthermore that if
we didn't shut the pumps down they would continue to run even
if the condensers went out, unless the condensers short-
circuited and nlew the braker.

I then worked for a while with a group of pecple,

whose names I didn't write down and no longer recall, on
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guestions related to how to burp the system of the hydrogen
bubble then thought to be in the system. And I wrote down
some things which were being considered and listed a long list
of corcingencies that had been considered.

It became clear fairly guickly that a whole lot of
good people had been working on that problem for quite along
time and that I was n>t making any contribution to it.

Q Before yuu took on the work in connection with the
reactnr coclant pumps, which you indicated was a first activity,
were you briefed on the condition of the system and the core at
that time before you undertoock the work?

A No, except in the most cursory way.

Q Okay, fine.

If you can recall from that gathering of informa-
tien, did you then have a mental picture of the condition of
the core before you started to work on reactor coolant pumps?

A Not anything significant, except that I do recall
looking at maps of thermocouples and loockirg at some curve
somebody had plotted on some trends, and the temperatures were
quite high but they were coming down.

Q About how long =-- about when did you complete
your work and reach your conclusion that the pumps -- that
there was no immediate problem with respect to the pumps?

A 1 don't have that time noted. It didn't take very

long.
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Q Early morning Saturday?

A Early Saturday morning, because I worked on some
other things too.

Q Okay.

Before you started working cua the matter of burping
the system of the hydrogen, I assume that you had been told
that there was a big bubble of hydrogen?

A Yes.

Q Generally what was the gist of what you were told
about the hydrogen in the system?

A Well, I have no notes on this. I'm working from
recollection.

I was told that measurements of pressure and
volume rhowed an elasticity of the system which indicated that
there was a bubble in the system and that this was thought to
be in one or more of the following locations: the reactor
vessel head, the top of the candy canes, and perhaps in the
reactor coolant pumps, although that's not as clear in my
recollection, and, of course, in the pressurizer, which was
known.

And I discussed with a group that was working
continuously on the problem how these were being measured.
And at various times it was described as a gas bubble or a

steam bubble.

There was some indistinctness abcut what was in the
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bubble, but the word "hydrogen" was pretty generally used.
Q Can you recall the leaders, the group leaders or
some of the people working on this project who did perform

this?

middle of this, and others who I don't distinguish any more.
Q Were you specifically informed or told about the
recommendations earlier on that day, Friday, by members of the

Commission Staff and by the Commission concerning evacuation

A I vagquely recollect that Warren Minners was in the
|
|
|
|
\

of the general area around Harrisburg? Were you informed of
that about that time when you first started to work?
A I don't know. I've seen too many versions of it i
since to know when I was informed.
Q Thank you. That's important to identify and that's
exactly what we do in these cases. Okay.
I'd like to proceed a little bit further on
Saturday. You said you started to work about 2 a.m.
How long did you work on Saturday? When did you

leave, if at all?

A My recollection is that I worked until about noon.
I don't have a note.

Q And then what? Did you leave?
A Then I went home and slept.

|
Q Okay. |

Did you return on Saturday?
\
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A Yes, I came back Saturday night at 10:55.
Q Okay.

I now want to deal with the portion of the time in
the morning and not the evening work. I'll come to the¢ evening
in a moment.

We talked about, in that morning period of time,
from the time you arrived until the time you left you worked
on the question of the reactor coolant pumps, about burping

the system. What other projects?

A I worked on lead bricks.
Q What about lead bricks?
A I got a request from the site to please find them

a lot of lead bricks to shield the recombiners. I called
Naval reactors and Mr. Broadsky looked into it and called we
back and told me, correctly, that he had found what he
described as an "acre of lead bricks" 20 miles from the site.
And he had trucks loading up these lead bricks and he wanted to
know where they wanted them arranged, where the lead bricks
should be delivered.

But in the meantime there was some bureaucrat in
GSA who was in charge of these lead bricks, and he wanted to
talk to us. So I called Mr. Mitchell in the GSA. They were
part of the national strategic stockpile of lead bricks, and
he said he wouldn't release them except on the word of the

-- quote -- "Federal official in charge", who he identified
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as the regicnal director of the Federal Disaster Assistance
Administration.

In the meanwhile, Broadsky's trucks and drivers
had in fact loaded up socme 60 tons of these bricks and trans-
ported them to the site. But I was careful not to tell him
this. So we got the bureaucratic affair straightened out
after some dozen or so telephone calls.

Q Did you pursue the rest of it through the way of ==
A I pursued the rest of it and finally at one point
gave up and got whoever was in charge of the incident center at
that time to pursuade whoever was on the other end of the
White House line to give Mr, Mitchell a call, after which
the problem went away.

It furnished some amusement in the long night.

THE WITNESS: Off the record.

(Discussion off the record.)

MR. SCINTO: On the record.

THE WITNESS: Continuing the answer to the gues-
tion, I must have done some other things that morning, but I
made no notes and have no recollection.

MR. SCINTO: Okay.

BY MR. SCINTO:

Q Do you recall at any time in the morning period
being informed of or otherwise being aware that there was a

concern about a potential generation of oxygen in the primary
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1
mpb89 | system?

r 8|
I A My recollection is that I didn't know much about
3 |l
. | oxygen until that evening, but this is very indistinct .nd I
4
could have found out about it that morning.
5
| Q You don't have a present recollection of that?
6
A No, I don't. I was only at the edge of the oxygen
7|
| question.
8
l Q So that morning you weren't working on oxygen?
9 i
l . No.
10 ||
| Q Right. Fine.
11
, when did you personally become aware that the
12
| hydro :n recombiners were not installed on TMI Unit 1?
& 1 .
I A On TMI Unit 1?
1
14 | .
‘ Q Oh, sorry, sorry; TMI Unit 2.
15
‘ A I knew about that quite early, that they were
i6 | ,
| going to couple them up in an hour, and then they were going
17 | y
h to couple them up later, and then they were going to couple
18 ||
f them up... And for several days all we heard about was when
19 ||
| in the near future we were going to get those combiners coupled
20 |
up and turned on.
21 | :
| Q In view of your personal rather long background
22
‘ | in the regulatory process, in which there was some association
23
|  wit4 recommendations that hydrogen, post-LOCA hydrogen control
24
Ace-Federsi Reporters, inc. | 1N containment be a problem to be focused on -- I think, for
25
example, this morning in connection with Mr. Parler's portion |
bt
__________;_J
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of this deposition you referred to a letter which you had
written as chairran of the ACRS in connection with Three Mile
Island suggesting that there be some hydrogen -- some facility
for hydrogen, post-LOCA hydrogen control.

Did that surprise you to find, when you started to
work on Three Mile Island 2, the response at the incident
that the hydrogen recombiners had not been installed in this
unit?

A No. The theory of the hydrogen recombiners was
that they were too slow to work on the early puff of hydrogen
calculated to occur in the loss of coolant accident, which was,
of course, below the flammability limit. And in those plants
where it wasn't, they had to be inerted.

The theory of the hydrogen recombiners was that
there were a lot of days available in which to hook them up
and what they needed to be was onsite or immediately available
for coupling up in a time short, compared to a few days. So
I wasn't the least bit surprised.

Furthermore by that time we had a containment
sample that had a modest amount of hydrogen in it, and the
calculations were that we had plenty of time.

Q Okay.

Now I'd like to go to Saturday evening after you
returned.

Py Yes.
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mpb91l - Now did you undertake any activity Saturday
21 )
| evening?
3 !
. | A Saturday night, the whcle night from when I came
4
i in until the next day about two o'clock I was in charge of a
5l .
. *task force to develop criteria for evacuation. There's a lot
|
6| : oMb
| about this in my deposition to the Kennedy Commission.
|
7 : sl e 3
~ Q Wwho assigned you this responsibility?
' A Dr. Mattson, M-a-t-t-s-o-n.
9 |l
g Q Basically what was the gist of what ne told you
10
he wanted you to do?
1
A I'm working both from my recollection and from my
12 |
| notes.
[-] 13 |
‘ Q Okay.
14| . el
A He told me that what was desired was the criteria
15
| for evacuation in the form of a table in which one would have
16
decision criteria, namely if certain conditions obtained or
17 |
| certain events occurred who would decide how much warning time
18
| we would have and what should be done.
19 |
j Q Now were you informed at that time or at any time
20 | e L
f that those criteria might be a matter to be used by one or more
21| 2
Commissioners?
® 2 S R
A Oh, yes. Commissioner Gilinsky's name was used.
23|
; Q okay .
2 | . . . i
Ace Fadersl Reporters, inc. Now how did you accomplish this task? Did you
25
i form a group?
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A Yes, we formed a group. We looked briefly at the

kinds of people we needed, and I asked Dr. Buhl, B-u~h-1, to

come in and work with me on it, which he did. We then assembled

a group which at various times during the night had between
four and eight people.

We divided -- I have here one list, nine people
plus Dr. Buhl and me and others who were involved during the
night, although not everybody at once. We divided the job
into == I don't know how much of this you want - we divided
the job into =-

Q As much as you recall.

A -- engineering problems and dose problems. That
is to say, the engineers considered what are the possibilities
of what would happen in the plant and what kind of releases
would this g.ve, and the dose people translated these releases
into doses on which we would judge what to recommend on == in
the way of evacuation.

Dr. Mattson also wanted us to consider developing
a list of thinas in which we might consider recommending
evacuation before some particularly hazardous operation. His
example was if we decide we have to turn on the RHR and
circulate the primary fluid outside containment, we might
consider -- we should consider whether we should evacuate
people before we do that as a precaution.

We then, in the course of the evening, we also
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decided to -- thought about developing -- we didn't do all
these things =-- about develasping a list of things not to do
unless you absolutely have to. If the weather is bad --
weather bad in this case meaning dispersion is poor =-- the
things which if you decide to do them you take precautions
first, things people oughtt to be doing right now. For example,
firing up the auxiliary boiler for aux feedwater, decid. ng
what to do with the spare recombiner.

I guess when I wrote that down I didn't realize
that the recombiner still wasn't running. This was an on-
again, off-again proposition for several days.

And finally, the bottom line: What should they
do if they thing the core has melted or is about to melt, and
how would you find out.

We then divided our people up to study these
various alternatives. At one point some people tri:d co start
some calculations on fault trees and event treez. “ut as might‘
be predicted, that never got anywhere in the time we nad
available to us.

We considered the weather possibilities, what the
weather was then, what the forecast was, what the possibilities
were. We considered some options for modes of evacuation,
should it be everybody within a certain distance or should we
try and specify some particular direction, everybody who lives

northeast of the plant should move.
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Our decisions in this were later changed by the
Commission, who had been talking to the people in Pennsylvania
abcut what was practicable. I then rave various results of
fragmentary calculations about 'suppose this happened, what
w. 114 the release be, what would the doses be'.

We then produced a draft doccument which has been
furnished. My notes get more and more fragmentary. We then
produced a draft document which has been furnished, which has
a bunch of attachments to it.

Q Dr. Hanauer, I'm about to show you a document
which seems to be a compilation of a number of documents. It
has a total -- I have counted a total of 23 pages, even though
they're not numbered. They have been previously identified to
a member of the study group -- the Special Inquiry Group, at
least the first seven pages of which were provided by one of
the Commissioners to the people of the State of Pennsylvania
on Sunday, April 1lst, at least the first seven pages.

I'm wondering whether you can help me identify
various other portions of this thing.

A There were two papers, there was an earlier draft
which was provided to Commissioner Gilinsky, and slightly
later Commissioner Ahearne, and Commissioner Kennedy came in
a little later. Chairman Hendrie, as I recall, was already at
the site.

Who did I leave out?
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Q Bradford?
A Commissioner Bradford came in somewhat after
Commissioner Gilinsky, with the cthers.

This document you handed me is in fact a hodge-
podge of these two or three documents, of which I may or may
not have adequate copies.

MR. SCINTO: 1I'm going to take the opportunity
right now to ask the Reporter to mark this document with the
next number in the sequence.

(Whereubon, the document
referred to was marked as
Exhibit number 1148 for
identification.)

THE WITNESS: What you have is in fact the second
document which was produced, the fir. . one being an earlier
draft which didn't go anywhere. But you have it combined with
a == all right.

The document you handed me -- I don't know if you
want to mark it or not.

MR. SCINTO: 1It's been marked. I marked it in the
interim while you were looking.

THE WITNESS: What's its number?

MR. SCINTO: 1148.

THE WITNESS: 1148.

This document was, as corrected from an initial
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mpb96 document after discussion with the Commissioners and
2, Mr. Grimes and Mr. Murphy, who made major contributions toward
l

. ! ' the last, in making some sense out of a not very coherent
4* first draft, and indeed these sev>n pages went to Pennsylvania.
sw The rest of this document -- in fact, the first
6? three pages of it are marks by me on the three pages of what
71 went to Pennsylvania. Commissioner Gilinsky asked me -- left
8 a copy of this for me and asked for my comments, which I gave
’ him,
10

l So the eighth, nineth and tenth pages are my

‘1; recommended pages in what went to Pennsylvania, or at least
]2; in what he left for me. I don't know if they went to

. 13; Pennsylvania or not.
141 The tenth through 2lst pages are some of the
]51 earlier work which was used as a backup to explain the work
‘6' that's in the front. And so what you have is rather a
]75 composite of three documents on the same subject, and there's
]Bi some considerable overlap.
]9é MR. SCINTO: Fine. Thank you for the help. That
201 does help a lot in sorting this out.
2]‘ THE WITNESS: In working out the last answer, I

' 22! consulted some other of my notes, which is a notebook containing
23! a large number of documents that came to hand during the

A“J“.‘u-”n"t3:E accident and which has also been furnished.

= MR. SCINTO: We've marked this document. I will
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14l . ; a -
mpb97 | ask a couple of guestions about it. But I'd like to make clear
2 |l .
| I'm not really asking you for what the document says. It says
3 | .
. l whatever it says.
4 -
1‘ THE WITNESS: Yes, it does.
{
5‘! MR. SCINTO: There are some things in there that
|
6| . . :
I want to ask you about in connection with what you knew or
!
7 y ! . .
| what information you received and your work on it. I use the
8‘ document as a reference for that purpose.
9 . e 2
But if they are not things that you are familiar
10
| with, just say you don't recall that or something, it's
1
| something you're not familiar with. Okay.
12 |
; BY MR. SCINTO:
. 13|
| Q Among the things in this document, toward the end
14 |
of the document is a page that I have marked on the lower
15
| left lLiaud side with the letter T.
16 | ,
' A I have it.
v7: !
' | Q It indicates there was some thought for the potential
18 | .
| for a hydrogen explosion in the reactor pressure vessel. That's
19 |
| what it indicates.
20 | : : :
j A By this time that was a hot topic.
21
. | Q That was my question.
22‘
‘ A This was a hot topic. During the course of this
23
| night there were heated and lengthy discussions among a lot
24 |
.,J“.,.”m,m,md of people which I was on the fringes of, in general, in pursuing
25
% my appointed task about the hydrogen explosion potential in the
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reactor pressure vessel.

I remember at one point during this period =-- I
can't tell you exactly when =-- I stopped what I was doing and
looked up some hydrogen solubilities. But I can't tell you
when that was.

Q That was hydrogen solubilities?
A Yes. We were still trying to get the hydrogen
out of the bubble by using differential solubility techniques.

I remember discussions of the possible trigger
mechanisms for a detonation. I remember discussions of the
pressures that might result if a hydrogen bubble of a certain
size exploded in the reactor vessel or if a hydrogen bubble
of a certain size burned without explosion in the reactor
vessel.

This was going on essentially the entire night
while I was working on evacuation. I have, for example, a
note toward the end of my notes on that night:

"Hydrogen mixture in explosive range."

That is one of the conditions which would require
consideration of evacuation.

Q That was a note that indicates one of the tihings

vou wanted to do, rather than a note of it was in that condition?

A No, no, that's aot what it means.
Q Okay.

Do you have any recollection -- strike that. I
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would like to phrase that differently.
From what *ou've described, then, it does not
appear that by that time of the evening on Saturday there had

been a significant diminution in concern?

A I think it depended on whom you talked to.
Q Fine.
A And I can't put names to this any more, but there

was a spectrum of opinion. Some people were very concerned
based on the information they had. People were on the
phone all over the offices all over that building with all
kinds of experts of various aspects of the problem.
T cannot give a connected account of what people
thought at various times during the evening.
Q But you do recall discussions relating to possible

ignition sources?

A Yes.
e It was not -- from what you can recall of those
discussions, would you have gotten -- was it your general

impression that thers was in general in the people working on
the problem in that evening little concern?

A Oh, no. There was a spectrum of concern, but a
lot of pecple were very concernc.

Q No, there was little concern about the potential
for sources of ignition?

A No, that's not true. There was at least one person




on the phone a lot =-- you understand, I was in and out =--

Q Right.

A -- on the phone a lot with people about what could
be the ignition sources. And I remember he talked to someboly

who understands such things, and they were talking about mole-

cules of liguid jumping into tre gas from thermal agitation and

forming hot little centers which could be sources of ignition.

Q I know you said you couldn't indicate =-- you couldth
identify names in your mand, but perhaps this might refresh your
recollection.

We've had some testimony in some of our depositions
identifying that kind of a concern associated with Dr. Budnitz.

A Yes, that's where I heard it. But the discussions 1
were more general than that. He was just, if I understood:it',:5
tne one who had gotten that particular message from somebody '
who was supposed to know.

Q Okay.

If you recall, do you recall any discussions
concerning the potential for hydrogen recombination resulting
in a situation where there was no need at all to be concerned?

A Not that night, I don't.

Q Okay, fine.

And I again am pressing your recollection for that.:

That's right.

Right.

.
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mpblOl f A Our paper would have been quite different if that
2‘: had been a significant thought.
. 3 Q Fine.
o This document, again directing your attention to
4 page T, in the lower left-hand corner indicates that:
bi "A rough analysis indicates that the
7“ pressure vessel would not rupture with detona-
8{ tion of the hydrogen bubble."
7] I believe that is a correct characterization.
‘of Do you recall where this information came from?
”: A No, I don't. And I have seen information since
12% that's contrary to that, that the pressure which probably
!
“' ‘3%‘ wouldn't rupture the vessel comes from burning rather than
‘AE detonation. 7aat was the best information at the time, and I
'51 don't know where it came from.
‘6? Q All right, okay.
]7! Another sentence is:
|
'8’ "The postulation of the core
19{ response is difficult."
20; Do you recall that evening a concern that the core
2‘% might be so fragile that it would be detrimental, perhaps, to
. oy start a second reactor coolant pump?
- A Yes, I do recall that.
24
Ace-Federal Reporters, Inc. Q With that --
o A I'm not sure it was that evening.
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mpb102 ! Q Okay, all right. Fine.
2 No matter when it was, if that was the fragility
' 3. of the core that there was a concern about, if people were

41 concerned it might be that fragile =-- I guess I'm having

5| trouble identifying how they thought the core would respond

to the kinds of events that would be associated with either

burning or explosion.

8 A Well, burnir~ does not necessarily disrupt even a
9 fragile core. If the core were that fragile then detonation
101 would break it up. So that we -- at least we weren't thinking
”E about it when we wrote that sentence. That's all I can say at
‘2i this tiie.
‘ 13 : Q Fine. |
"‘: I'm trying to get your recollection of that time. |
‘Sf I'd like to direct your attention to a page that I
"’% have marked on the lower left corner with an H. It has on it
‘7i on the top a note which appears to be a note from you to |
18 } Commissioner Gilinsky.
lqi 1'd like to refer on that page to an event in the
20@ event series, an event characterized as "depressurization". 1In
2'1 that event in postulating the various responses that might occux.;
' 21 with respect to that event, was this now a picture of depressurjxiz-
23 ing that core with a very large hydrogen bubble in the head, |
s i A :‘: the reactor vessel head? |
23 A No. They thought there was -- that suppose we :
|
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decide or are forced to depressurize the system to go on RHR,

but clearly we were not thinking about the depressurization

would uncover the core, because the expected plant responses

are not consistent with that.

Q On this table, a similar table, a table very similax

that was used in the first seven pages, on this table there is
a column described as "Warning Time".

Do you recall what the people that prepared the
table, if you participated in the preparation of the table,
had in mind by the concept of "Warning Time"?

A This is the time between when you knew you haa
trouble and when doses would start to get to people.

Q Okay, fine.

A Now that's from a lot of recollection, and it may
be -- I don't know whether there's an allowance for the trans-
port of the material outside or whether this is the amount of
time until you ought to start evacuating; I don't think so. I
think I described it correctly at first.

Q Okay.

One of the things that I don't mind repeatedly
making clear is that I am intending to push your memory.

A Yes.

Q I would like to turn to the next page in this
connection, that same column. There is 2 distinction in

warning time between a sequence of events leading to core melt,
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| one in which containment integrity is maintained and one in

which containment integrity is breached. There is a different

| warning time in those events where containment intergity is

likely to be maintained of four hours, and a warning time in
those events in which containment integrity is expected to be
breached of 24 hours.

I'm trying to understand that distinction. Does
that suggest that there is a 20 hour warning time between the
time you can distinguish between an event which is going to
maintain containment integrity and one which is going to breach
it?

A No. What was meant was this:

Remember, the initiating event is the sequence
leading to core melt. The sequence tells us that some == no,
I'm sorry, I'll start over again.

The Reactor Safety Study tells us that all core
melts breach containment, some very guickly and some very
slowly, and in a rather benign way. By this time the reactor .
had been shut down for four days, and so the probability of
containment breaching was much lower than in the Safety Study.

The point here was that if the containment was
going to breach it would take it about 24 hours, and sc the
situation would, even if containment was going to breach,

degenerate from the top line to the bottom line, and that

there would be of the order of 24 hours' warning if the
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containment was going to breach, so that you would have four
hours' warning for the smaller evacuation and 24 hours' warn-
ing if you had to go to the larger evacuation, at least so I

reconstruct .it.

Q How ==

A Now let me note something on this same page.

Q Sure.

A The next role of discussion relates to hydrogen

expiosion inside the reactor vessel, and my notes of April 2nd
show a different perception of what the risk was for hydrogen
explosions or flames inside the reactor vessel, and show a much
lower perception of risk.

Q When you refer to your notes of April 2nd, what
are you referring to?

A The handwri“ten notes which were part of my trans-
mittal to Commissioner Gilinsky, on the page marked I.

Q Right.

The reason 1 ask is I had misread that as April lst.
Thank you for making that correction. All right.

Now the mechanism for breach of containment postulat-
ed in the sequence we were just talking about, what was that
mechanism? Was that a detonation of hydrogen in containment?

A Oh, no, it was a melt-through. By that time the

hydrogen in containment, the concentration was guite low, not |

1
|

even in the flamnable range, presumably because of the oxidation
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incident that took place the first day.
Q Okay.

I'd like to direct your attention to a portion of
this document, to the page that I have marked Q. There appears
to be two events described in a time seguence, one in which
the containment survives and one in which the containment
fails. There are different assumptions for these events, and
I think that they conclude with the significance of the sprays
and coolers, and some reference to hydrogen being combined or
otherwise removed from containment.

Actually I'd like to direct your attention to the
line that reads:

"Containment survives." It's underlined.

"(Failure assumed 2300 psi)”

Now do you recall this?

A Not very well, but I'm rebuilding it in my mind
from these notes.
Q Okay, fine.

And if I'm asking questions that you don't have a

recollection of at that time, you know, stop. There's no use..

We have, as you've pointed out before, we have
a significant quantity of post-accident recollections or post-
accident --
A Yes, it's important to try to avoid contamination.

Q Yes, that's what we'd like to try to do. We have
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a lot of those. We have a lot of documents, we have a lot of
depositions, we have depositions from people taken later.

What I'm doing at this time is pushing your memory
for those evenings.

A Yes.
Q Okay.

With the concept that containment failure was
assumed to occur at 130 psi, was that concept directed
principally at the massive structure of containment, or was
that concept equally applicable to other parts of the contain-
ment boundary penetrations, particularly I'm thinking of the

large vent openings, the purge openings and vent openings.

A I don't know.
Q Okay. ‘
A It's a number which was derived by the Safety Study:

people who were working with me, Joe Murphy, Roger Blond, and
Tony Buhl. I don't know where they got it. I may have known | |
then, but probably not. And I don't know whether they included
that or not. Joe Murphy would be the person to ask if you realiy
want to know.
Q Right.
MR. SCINTO: Off the record, please.
(Discussion off the record.)
(Whereupon, at 4:50 p.m., the deposition in the

above-entitled matter was adjourned, to reconvene at |
9:00 a.m., the following day.)
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installation, and operation of instrumentation and control systems
in a dozen Oak Ridge reactors; research in reac*or noise analysis;
reactor safety considerations.

U.S. Atomic Energy Commission, Advisory Committee on Reactor
Safeguards. Vite Chairman - 1968; Chairman - 1969

Statutory technical committee reviewing license applications and
other safety matters.

International Electrotechnical Commission, Chairman, Subcommittee
4SA, Reactor Instrumentation.

Member, American National Stancards Institute, Commit<ae N2,
Nuclear Instrumentation.

Sorn March 6, 1227

Sachelor's and Master's Degrees in flectrical Engineering,
Purdue University

Ph.D. in Physics, University of Tannessee
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Septeaber €, 1979
In Peply Refer to:
KTFT™ 72080€-02

Dr. Stephen B, Hanauer, Assistant Dircctor
for Plant Systems

Civision of Systens Safety

Ci{fice of Nuclear Reactor Regulation

UeSs Nuclear Pegulatory Commission

Washington, D.C, 20555

Dear Dr., Hansuer

I an vriting to confirn that your deposition under cath ia conaection with
the accident at Three Mile Islend is scheduled for Septenber 25, 1979 at 9:00
8o, 0 Roou P=822, Phillips Building. Thie will also confirn my request
for you to have your resume and auy documents in your possession or control
regarding T™I-2, the accident or precursor events which you have reason to
beliove nmay not be in official WRC files, incluliug any diary or personal
vorking file,

The deposition will be conducted by meabere of the NRC's Special Inquiry
Group on Three Mile Island, This Croup 1is being directed independently of
the KRC by the lav firm of Rogovin, Stern and jluge. It incluvdes both NRC
personnel vho have been detailed to the Epecial Inguiry fraff, and outside
staff and attornoys, Throupgh a delegation of suthority from the HRC under
Section 161(c) of the Atonic Energy Act of 1954, as asmended, the Special
Inguiry Croup has a brosd rmandate to inquire Intu the causes of the acecident
2t Three Mile Island, to identify rmejor problen ereas end to wake reconnenda-
tions for change. At the conclusfon of {tg favestigation, the Group will
icsue a detailed public report setting forth its fladings and recomsendationa.

Ualess you have been served with a subpoens, yeur participation in the deposi-
tion is voluntary and there will be no effect on vou 4f you decline to answer
soze or all of the guestions asked you. However, the )rcial Inquiry has
been given the powver to subpocna witnegses 1o appear and testify under oath,
or to appear and produce documents, or both, at any designated place. Any
persoa deposed muy have an attorney present or aay other person he wishes
accompany hin at the deposition as his reprosentstive, The Cffice of the
Cereral Counsel of NRC has advised us that it is willing to scod an NRC
attorney to all depositicus of LPC copleyees vho will represent you as an
individual rather than represent EKRC, Since the IRC atterney ray attend only
at vour affirmative reguest, you should notify nichard Mallery (634-3224) in
the 0£fice of the General Ccunsel as soun as practicable if you wish te have
an N°C attorney present,

You should realize that while we will try to resrect any requests for con-
fidentiality in connection with the publicatien of our report, we can nake no
guarantees, lNames of witnesses and the information they provide may eventually
become public, inasmuch a2s the entire record of the Special Inquiry Croup's
investigation wil! ba psade available to the NRC for whatever uses it ray deen
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.
E appropriate. In time, this I:f rmatlon may be wade available to the public
wvoluntarily, or become available to the public through the Frecdom of
Information Act. loreover, other departments and agencles of government nay
request access to this infornstlon pursuant o the Privacy Act of 1974. The
information may also be made available in whole or in part te comnittees or

subcormittees of the U.S. Congress.

——

1£f you have testified previcusly with respect to the Three Mile Island
accident, it would be useful 1if you could review any transcripts of your
previous statement(s) prior to the depositior.

Thank you for your cooperation.

Sincerely,

- il
e I

o

Mitchell Rogovin, Director
NRC/TiI Special Inquiry Group

DISTRIF'ITION
TERA

WParier
Phorry
kDeYoung
EvCornell
GFrempton

MRogovin

, : . -
o:ncz)ihGRC/IM]” % .NRC;Z@Q¢7[.<..NR;(ZQIH..“ AC{ERC;TMI ..... 3 \E§C/TML ..... l HRCATMY. .. ..

sua~aqg}}HP rler:kr:me PNopkyS .. .. |..RD&¥dung .. “ExCornail. .. L -GFPagpton. - | MRoDevdn.~
ork /19 9/ 5779 l /5 /19 | 9/</79 5/ 8 | 9/% /79

phsni . Rl T (LT OOR IS AR ST Wil e .- ST kool i n

£ v mibns 52‘#_;.‘ el | F B GOVERNLENT PRINTING OFFCE: 1875785369
o I . Bhadan m dla LS ts T y s RTINS T T

P o e e, SR S

L

il.
-
7ot
v

o BRRFRNL Lo IRR Coae gl g L
Ca—_ Ry N SN = W = T N



MEMORANDUM FOR: William Parier

FROM: E. Kevin Cornell, Staff Director

SUBJECT: DELECATION GF AUTHORITY TO ADMIKISTER OATHS

You are hereby delegated the Commiss ion's Authority to administer oaths for
the purpose of taking the deposition of:

Dr. Stephen H. MNanauer, Roowm P-822, Phillips Building
. Dr. Denwood Ross, Room 6715, Maryland National Bank Building

during the period Septewber 25-28, 1979, in connection with the Commission's
investigation of the accident at Three lile lsland, Unit 2. This authority
1s provided to the Coumission by Section 16lc of the Atomic Fnergy Act of
1954, &s amended, and has beea delegated to me vie the enclosed meanorandun
from the Chairman of the Cozuission. Ko further delegation of this
authority is parmitted.

3 ¥ (Si ‘L)Lq evin Cormell
Y

'/é; //7’9;
"Date E. kKevin Corrnell

Stat{ Director
KRC/TI Special Inquiry Group

— —

Enclosure:
Delegation of Authority neno
fr Chairman liendrie
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ADVISORY COMMITTEE OR RFEACTOR SAFFGUARDS -2
UNITED STATES ATOMIC EUCIRGY fl';‘v'-"-“l"v“.ilf:-N’A L IO 3
WASIHINGTON, DO ex ) 1

i

July 17, 1969

3

Hionocable Glenn T, Saaborg
Chalrinan

U. 8. Atonie Enuvrgy Comeission
Jashingion, P, C. 20545

-

Sub ject: REPORT Ud THARE MILE 1SLAND NUCLEAR STATION UNLY £
Dear Dr., Scaborg:

At ite 11ich meeting, July 10-12, 1969, the Adviscory Co nittee on Reactor
safognards reviewved the proposal of the Metropolitan Edison Company and the
Jersey Central Power and Tight Compauy to conmstruct Unit 2 at the Three Mile
Islan’ Ruclear Station. A Subcomittee also met to review this project on
June 26, 1969, Dering its review, the Comittee had the benefit of discus-
gions with reprosentatives and conseltants of Loth applicents, the Babeock
and Wilcox Company, Burns and Reer, Ine., Geuerxal Public Utilities Corpe,

aad the AFC Regulatory Staff, The Committec also had available the docu~

pemts listed below.

The plant will be located ; ijacent to Unit 1 on Three Hile Tsland nzar the
east shore of the Susquahznna River, cbout 10 miles southeast of Harrisburg,
Pennsylvania, The nvclesr stesm supply system, engincered safety featuras,
reactor building, and airvcraft hordening protection zre similar co those of
Unit 1, roted in our Janvary 17, 1268, and April 12, 1968, reports. Unit 2
will be operated at a power level of 2452 itt,

Roview of Unit 2 has token fato account the similarities of the Three Mile
Tsland uvnite, new features, updating of the research and developaent progrens,
and further evaluarions of the site, The review alse included matters previ-
ously identified that warwant carsful consideration for all large, water-
cooled power reactors; the Comaitrtee balieves that resolution of these matters
should apply equally to this reactor.

The estimate of probable maximm flood discharge in the Susquehanna River
at the site is being revised upwards by the U, 8. Army Corps of Eng incers
and will ba larger tham had been ceasiderod in the design of Unit 1. The
applicant has stated that both units will be protected by measurcs which
would assure a safe, orderly shutdown of the reactors in the cvent of the
maximva flood,
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] ~The epplicant has condueted a test program in support of his propoesal to grout

R the stranded tendons for the containmant prestressing system, “he Coumittee ‘

! e gronting can be Jitatued through proper and careful ‘
i

belicves that adeqy

execution of the puocedures duveloped ia this progrom, the applicant has

proposed a progran of pericifc peoof testing at 1157 of design pressure to |
monftor the inteprity of the contalnaont, which has been designed consexvas

tively Lo obviate suy adverse cffacts of ropeated proof testing at this high
yressure. The cemmitten bellcves that such a program, fuvolving wsasurencnt

of deformations and thorough inspectica for eracking of the concrete during |
each proof test, will provide reasonible assurance of tha continuved integrity

of tha contaiumunt,

Furthar review is nocessaty of the research aend development being cunpletoed ‘
for the alkaline sedivm thicsulfate spray ~dditive to detervmine whether the )
{ yiced augacntation to achiave required performance

will be incorpovated in the design of d
ditions if necessary to cnsure w

spray systems as proposts
s P
5 Froyieions

in postulated accidents,
the containment system £O cermte eguipment ad
4 . : 2

1imiting the radiological consequances of a loss-of-coolant accident to doses ]
significantly below tha 10 CFR 100 guideline values. !

The applicant hnes beca ¢ uridering a purge system o cope with potential |
tous pouress in the unlikely event of a loss-of~ a

Q bydiogen buildup frewm vawLons
d coolant . aceident. -Additfonal stwilcs ara'm .aded to establish the accepta=
bility of this system and to conefder alternative approaches, These studies
gshould include alleuance fos levels of zirealoy-water reacticn which could
oceur 1f the effectivencss of the sasipancy tore cooling system were signiti- i
cantly less than predicted, The Cocnittea balieves that this matter can be

resolved during construction of the reactor,

‘the Committee rciterates its baliel tlhat the inmstrusentation design should be |
soviewed ..+ comson fallure wodes, tuking inte account the possibility of |

systenatie, non-ratdden, concverent failuves of redundant devices, not con-
sidered in the single-failuve erite;ion, The applicant ghould show that the
proposed {ntercomneetion of control und safety fnstrumentation will not
adversely affect plant safety in a gignificant manner, considering the
possibility c€ systematic conponent failure. The Cormittee belicves that
this matter can be vesolved during const uction of the reactoer.

for trewsicnts having a high probability of

ve system or other cugincered
edingly high

The Coumittes belleves that,
' occurrence, and for which action of @ protecti
safety feature is vital to ihe public health and safety, an exce
probability of suecessful actfon i nceded, Coumon failure modes must be |
considered in sscertaining an acccptable level of protection. The Comsittoe |
. recosmands that a study be vade of the pussible conscquences of hypothesized !
E failures of protective systons during anticipatad cransients, and of steps 1
to Be taken if nowaded, The Crisnttros betiovas that this matter .an be J

resolvad during sonstyuctins of the roactor.

oo
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voncrable Marcus A, Rowden

Chairman ] &
U, S. Nuclear Requlatory Commission
Washi ﬂg: cn, DC 2055

SUAJECT: REPORT ON THREE MILE ISLAND NUCLEAR STATION, URIT 2

P=ar Hr. Rouden:

During its 198th mating, October 14-16, 1976, the Advisory Commitice
on Reactor Safequards completed its review of the application of the
Hetropoliten Edison Corpany, Jerscy Central Power and Light Coipany,
and Pennsylvania Electric Company (Applicanis) for a license to cperate
Thiee Mile Island Nuclear Station, Unit 2. This project was also con-
siderved during a Subcomaittee meeting held in Harrisburg, Pennsylvania,
on Seplesber 23 and 24, 1976. lPenhers of the Commitice visited the
facility on September 22, 1976. DPuring iis review, the Coimitlee had
tha benefit of discus<ions with vepresentatives @nd coasultants of the
Applicants, Ceneral Public Utilities Service Corporation, the Babcock
and Wilcox Cowpany {(B&¥), Burns and Rowa, Inc., and the Nuclear Foonla~
tory Cowmission (WRC) Staff. The Commitlee 4iso had available the
documents listed below, The Corwitice reported on the application for
a cunstruclion permit for Unit 1 on January 17 and fpril 12, 1968, and
for an operating license for Unit 1 on August 14, 1973. The Conmitlee
reported on the application for a construction permit for Unit 2 on
July 17, 1968.

The Three Mile Island Nuclear Station, Units 1 and 2, is located on
Three Mile Island near ihe ecastern shore of the Susquehanna River, -
about 12 miles southeast of Harrisburg, Pennsyivania. /bout 2330 people
live within a two-nile radius of the site (the Tow population zoncs

The winimum exclusion distar-~e is 2000 feet. The nearest population
center is Harrisburg (1970 population 68,000).

-

Several changes have been made to bring the Babcock and V¥ilcox Emargency
Core Coolirg System (ECCS) evaluation model inte cenformance with the
requirerents of 10 CFR 50.46, and Appendix K to Part 50. Analyses of

a spectrum of break sizes appropriate to Three Mile Island, Unit 2 have
been compleled using the approved B&Y generic evaluation model. The
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rosutts of the analyses for the reacior coolant pump discharge braak,
tolioved to be the “worst" broak, show raximum allowable linear heat

mereration rates as a function of elevation in the reactor cere ranging

from 15.5 to 18,0 kilowdtts per foot. Corresponding calcylated post-

. s L} ;.

“

’

i
accidont peak clad tewperatures range from P002°F to 2V460F. The NRC
Staff has idontified additional inforgation that it will require to
conelate its review and the Applicants' submittal is expecled by the

ond of 1976, Tha Applicants propose Lo use both in-core and ex-core
instruontation to assure accuracy of measurcient of core power aistri-
butions. The Conmittea balicves that the proposed wonitoring e thods
gay bo acceplable, but Lhat an augmentod startup program should be

eiployed, and that catisfaciory experience at 1007 steady state power

and Juring trensients at less than full power should be obtained. This

exparience should be vevicuwed and cvaluated by the NRC Staff prior to

opcrating at up to full power in a load follewing mode. The Comnitice
}

wishes to be kept inforiad.

A question bas ericen concerning asymretric loads on the reactor vessel
and its internal structures for certain postulated loss-of-coolant

accidants in peessurized vater reactors. The Staff has reguived the
Pppticants to supply further information in order to conplete ils assess-
pont of this ratter, 1his icsue should be resolved in a manicr satis-
factory to this WRC Staif.

The quastion of whether Unit 2 requives design wodifications in order
to comaly wilh HASH-1270, “Technical Rzport on Anticipated Transients
Without Scram Tor Mater-Cooled Powar Peactors®, vesains an outstanding
{ssup pending the HRC Staff's completion of its review of B&Y generic
aralyses of anticipated transients witheut scram. The Commitiee recom-
mends that the HEC Staff, tha Applicants and B& continue to sirive for
an carly re<clution of Lhis matter in a wanner acceptable to the HWRC
Staff. The Conittee wishes to be kept informed.

nance of safe shutdown in the event of a waximum probable flood. Such

a postulated f1aod would top the levee surrounding Lhe plent by several
feet. Inclu'sd in the plan is the fastening of water tight steel panels
in doorways and other cpenings of salety related structures. The Com-
mittce believes that the details of this plen, particularly relating to
re-calry into the station during the post-flood pericd, need to be wmore
clearly delineited.

Erergency plans have baea developed to allow plant shutdown end mainte~

E
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ke Cosmittee supports the NRC Staif's progrem for evaluation of fira
protection in accordance with Branch Technical Position APCSH 8.5-1,
fonendix A, “Cuidelines for Fire Protection for Nuclear Pover Plants”.
(e Comnittes recomends that the NRC Staff give high priovity to the
cornletion of both ewmer and Staff cvaluations and to recoraendations
fhros Mile Island Unit 2 and other plents nearing conpletion of

fur
consirustion in order to maximize the opportunity for improving Tire
proteciion while areas are still accessihie and changes are mor» feasible.

The Comnitice noles that long-term pust-accident operation of the p ant

to raintain safe shutdown conditions way be dependent on instrueptat ion
and electrical equiprant within containmant which is susceptable to
ingress of steam or water if the herwetic seals arve either initially
doToctive or should become defective as a result of damage or agirg.

The Comnittee believes that appropriaie tec. procedures to coniirm
continvous long-term seal capabilily should be developed.

The Comnities vecomrends that further review be made of the battery
supplied DC power systew to assure that non-essential loads do not
interfere with its safety function. The Comnittee racomnends that
further review be made Lo assure no vnacceptable effects such as release
of hydrogan into the plant can cccur from the failure of a hydrogen
charging line. The Comiittes also recommends that studies be made to
assure that failure of an instruscnt line cennot cause plent control-
lability problems of significance to public safety.

e L T T

The managesent organization proposed by the fpplicants to delineate

the safety related responsibilities of the off-site and on-site perscnnal
of the Three Mile Island Station left open quastions as to how these
res;onsibilities arve to be dischargad during nermal working hours and
during evening, night, and weekend shifts. This matter should be re-
solved to the satisfaction of the HRC Staff.

The WRC Staff is still roviewing various issues related to accidents
leading to less of fluid in the steam generalor secondary side, such
as steam line breaks. The Comsittee wishes to be kept inforred of
the resolution of these issues.

The Committee recormands that, prior to commercial power cperation
of Three Mile Island Unit 2, additicnal means Tor evalualing the cause
and 1ikely course of various accidents, including those of very Tow
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PREFACE

On July 8, 1968, the Atomic Energy Commission announced plans
for an internal review of its regulatory program to help assure that
procedures keep pace with the rapid expansion of the nuclear indust.y.
In this review, designed to be primarily technically oriented, the
present process for the licensing of power reactors was to be examined
from the standpoint of efficiency in the discharge of regulatory
responsibilities and compatibility with the commercial arrangements
by which nuclear plants are p-rchased, designed, constructed and
operated. The purpose of the review was to recommend possible improve-
ments in the licensing process, and to determine whether further
detailed Commission study in any areas would be desirable. -

To conduct this review, the Commission named an Internal Stud;.creup
drawn from the three principal components of the AEC regulatory rystem -
the staff operation headed by the Director of Regulation (the reguiatory
staff), the Advisory Committee on Reactor Safeguards (ACRS) and ﬁho-
Atomic Safety & Licensing Board Panel (ASL3P). Members appecinted to

serve on the Internal Study Group were:

Harold G. Mangelsdorf, Chairman -
(Member, ACRS)

Warren E. Nyer, Vice Chairman
(Vice Chairmau, ASL3P, 1968)

Edson G. Case
(Director, Division of Reactor Standards, AEC)



John W. Crawford, Jr.
(Assistant Director, Division of Reactor
Development and Technology, AEC)

David B, Hall
(Member, ASLBP; Chairman, ACRS, 1963)

Stephen H. Hanauer
(Chairman, ACRS, 1969)

Peter A. Morris
(Director, Division of Reactor Licensing, AEC)

Carrell W. Zabel
(Chairman, ACRS, 1968)

Marcus A. Rowden, Assistant General Counsel for the AEC was
appointed to serve as legal counsel and Ray G. Smith of .ae /EC's
Division of Reactor Standards was selected as Techni:al Secretury.

The Internal Study Group met at approximately bi-weekly intervals
during the period between July 1968, and April 1969. [Ciscussions
were neld with representatives of publicly and privately owned utilities,
relétor manufacturers, architect-engineers engaged in the design and
construction of nuclear power plants, and various industry associations.
Discussions were also held with Federal Aviation Administration repre-
sentatives, two members of an earlier regulatory review panel and
senior representatives of the AEC regulatory and other staff.

The Internal Study Group has arrived at a number of conclusions,
and has developed some related recommendations. The purpose of this

report is to present these conclusions and recommendations and to

discuss the reasoning behind them.



II.

INTRODUCTION

The Internal Study Croup undertook its review of the reactor
licensing process with a view toward making suggestione for ways to
improve the process and its effectiveness in protecting the health
and safety of the public, while at the same time minimizing the
problems faced by the nuclear industry and the regulatory groups.
In addition to specific aspects of the licensing process, the Group
considered the general questions of (1) the adequacy of the pro-
tection of the health and safety of the public and (2) whether
regulatory procedures and requirements have adversely affected the
develcpment of the industry.

The Group concludes that the health and safety of the public
has been adequately protected. At the end of 1968, 17 licensed
power reactors had been built and operated, nine of which continue
in routine operation, with an accumulated experience of 88 reactor
year.:. No member of the public has been exposed to radiation levels
above permissible annual limits as a result of the operation of
these l'censed power reactors. Although this experience does not
provide conclusive proof of safety, it does provide some indication
that the health and safety of the public is being protected. The
general consensus among the industry representatives who talked with
the Study Group was that there is a high degree of conservatisam in
nuclear plant designs and in safety reviews, and that this conserva-
tism i{s at least as great as that of most other major industrial

activities., It was also agreed that this conservatism has contributed
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substantially to the good safety record of the nuclear industry
and that it is not out of proportion to the needs of the industry.
The Study Group concurs in this view.

The groups and individuals who talked with the Study Group
were asked if they believed the regulatory bodies had required
unnecessary or superflucus safety features. Few examples were
cited of safety requirements that were believed not to be needed.
A few persons expressed the belief that future cxperience aight
show that some systems need not be required; dowever, the principal
concern was not with the requirements themselves, but with the added
complexity and, perhaps, excessive redundancy that seemed to result
and the uncertainty as to the safety requirements and the timing for
their i{aposition. Ia general, the consensus of the industry repre-
sentatives - concurred in by the Study Group - was that safety feature
requirements have not been out of proportion to the need for the pro-
tection of the health and safety of the public.

There vas also general agreement that the licensing review
process at th: construction permit stage has not been a limsiting

itea in the time schedule for the construction of plants, although

it could become 30 in the future. In the latter connection, a major

problea considered by the Group, to which some of its specific
recommendations are related, is the lack of correspondence in timing
of decision points in the current licensing review process with
decision points in the process of indu=z-‘al procurement, construction

and initial operaticn of nuclear plants. This lack of correspondence,



together with unccrtain;iel in regulatory requirements, has resulted
in some hardship aand frustration to some elements of the industry and
could become even more troublesome as the zarket for nuclear power expands,

The problem mentioned most by industry representatives was un-
certainty and instability in regulatory requirements. Utilities faced
with decisions on the additicn of generating capacity have not been
certain of ultimate licensing requirements at the time of their selection
of the type of nuclear power units to be installed and when they con-
tracted for those units. There have been related increases in costs
and changes in plant scheduling and manpower requirements which were
not anticipated when utility selection and contracting decisions were
made. Many of these unanticipated changes were che result of safety
requirements imposed by the regulatory groups to maintain adequate
margins of safety consistent with increases in reactor size and power
density. Neither the industry nor the regulatory groups had foreseen
the extent of the provisions that would be needed to maintain these
safety margins.

In the long run, the greater stability and predictability of
regulatory requirements which bo.n industry and the regulatory groups
seek will depend on the development of comprehensive safety criteria,
codes and standards. While there has been considerable progress in
that direction by both the Commission and industry, more needs to be
done - a matter dealt with elsewhere in this report,

As the designs for the newer and larger nuclear plants are

evolving and as more comprehensive regulatory safety criteria are
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being developed, it is especially important that all groups involved
in the reviev process, and also those involved in the conduct of
research and development programs directed toward resolution of
potential safety problems, maintain effective communicatiocn with each
other. The Study Group notes that the effectiveness of this communi-
cation has steadily improved. In particular, the Group supports the
current joint efforts at the staff level within the Commission to
define regulatory needs and to orient Commission-supported research
programs toward resolution of those needs on a timely basis. These
efforts should be continued and expanded to include active participation
by the nuclear industry, particularly by utilities.

The Study Group discussed at some length the continuing problem
of maintenance of an effective regulatory process in an industry marked
by a rapidly developing technology and large increases in the number of
applicaticns to be processed. The Study Group believes that the AEC
regulatory staff should continue to be the only regulatory body to
perform a c;mplctc technical review of each reactor application. The
regulatory staff should have sufficient strength - in manpower and
other resources - to carry out in a timely fashion the activities
necessary to assure that the regulatory process provides effective
protecticn to the health and safety of the public.

Detailed discussion of many of these points will be found in the

following sections of this report.



III. CONCLUSIONS AND RECOMMENDATIONS



A. Development of Regulatory Criteria
and Standards Relating to Safety

The lack of a comprehensive set of regulatory safety criteria and

industry codes and standards relating to the safety of nuclear power

plants contributes to the uncertainty concerning regulatory requirements

and to the length of time required to conduct regulatory safety evaluations.

CONCLUSIONS AND RECOMMENDATIONS

1.

Current efforts to develop and implement comprehensive
regulatory safety criteria and industry codes and
standards relating to the safety of nuclear pover
plants should be intensified consistent with the
critical importance of such criteria codes and stand-
ards for improving the regulatory process and benefiting
the nuclear power industry.

There is an urgent need for substantially increased
participation in and support of these efforts by all
segments of the nuclear industry, especially the
utilities.

The ACRS should expand its participation in the develop~

ment of regulatory criteria and standards relating to

safety.



DISCUSSION

The Study Croup believes that significant benefits to the nuclear
industry would result from the development and implementation of com-
prehensive regulatory safety criteria and of industry codes and standards
relating to the safety of nuclear power plants. Such criteria, codes
and standards would contribute measurably to industry understanding of
licensing requirements and would, at the same time, furnish an improved
means for demonstrating that the necessary requirements have been met.
Their use would result in better definition of the informatio; to be
supplied in license applications and so aid in reducing significantly
the time required for regulatory reviews. In addition, the Group
believes a greater effort by both industry and the AEC to describe the
technical bases for safety requirements would be beneficial.

The Study Group in its discussions with industry representatives
found substantial recognition of the need for, and importance of,
hastening the development of regulatory safety criteria and of industry
codes and standards relating to safety. The Group found that the
organizations affected are strongly interested in reviewing proposed
criteria, codes and standards before they are put in effect. It was
less clear that such organizations recognize the importance of parti-
cipating in and actively supporting current standards-making efforts
within the nuclear industry.

The Commission has been strengthening its efforts on the develop-
ment of regulatory safety criteria, codes and standards, including

cooperative efforts with professional standards groups, the supplier
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industry and the utilities., The nuclear industry, through the United
States of America Standards Institute, professional societies and
industry associations, has also taken some strengthening measures to
develop codes and standards. In addition, some companies have in-
dividually recognized their responsibilities and are actively supporting
these efforts. However, despite the significant progress that has been
made in the last few years, the Study Group believes that the rate of
accomplishment by the Commission and the industry has not been fast
enough to meet the needs of the rapidly developing industry.

While more technical information is needed before development
of comprehensive regulatory criteria can be completed, the Group
believes that the basic organizatiomal structures and technical capabi-
lities for developing the needed industry safety codes .nd standards
already exist. The urgent requirement is for all segments of the
auclear industry to recognize their vital interest in supporting such
efforts and to implement that recogaitiom through aggressive leadership
and the furnishing of knowledgeable personnel on a high priority basis.

The Group is aware that the procedures associsted with developing
and promulgating regulatory safety criteria and industry codes and
standards have, traditionally, been time-consuming. This postpones
their availability for use. The effect of this traditional pattern
is compounded by the time required to comstruct plants, with the result
that current efforts will not be seea in operating nuclear power
plants for many years. The Group believes that measures to reduce these
delays should be tzkan by the regulasory grouse, sy standardg-usking
organizations and by the nuclear industry.
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While emphasizing the responsibility the nuclear industry has
in developing codes and standards relating to safety, the Group is
avare of some of the difficulties that are involved. These difficulties
derive from many factors, including procedures which require near
unanimous agreement to establish such standards or to modify them. In
view of the nature of these factors, it is not realisti:z to expect that
industry's efforts can result in safety codes and standards which alcae
will be adequate to protect the public. Accordingly, there will
continue to be a need for the Commission to develop and promulgate
supplementary regulatory requirements. However, to the degree that
industry succeeds in adopting codes and standards which meet safety

requirements, the need for additional requirements imposed by the

Commission will be reduced.
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B. Differing Views on Reactor Safetvy Requirements

There are differing views among those in the nuclear industry,
the regulatory groups and others, as to how the safety of nuclear
power planta can best be provided. There are differences of opinicn
on the degree of reliance which should be placed on the reactor
system itself and on engineered safety features; the number of such
features required; and the kinds of failures to be considered. There
are differences of opinion on whether, and to what exteant, trade-offs
can be made among the various safety elements. For example, can there
be a reduction in the extent of duplication and layering of systens
designed to limit the consequences of accidents {f it is known that
an effective quality assurance program has been applied throughout the
design and constructinm of the plant? Alternatively, can the per-
formance specifications for reactor containment be reduced i{f there is

adequate assurance that fuel melting cannot occur?

RECOMMENDATION

The Commission should adopt the policy that the greatest emphasis
and priority be placed on the applicaticn of quality assurance to
the design, construction and operation of nuclear plants so as to

achieve the exacting level of safety recuired.

DISCUSSION
The Study Group observes that the primary objective of the

nuclear powver industry is to build and operate safe, reliable and



economically attractive generating plants. The Group is convinced
that attainment of this objective requires rigerous application of
quality assurance procedures in the broadest sense.

The achievement of an adequate level of safety for nuclear
power plants is generally recognized to require defense-in-depth in
the design of the plant and its additional engineered safety features.
The degree of emphasis on defense-in-depth in the nuclear field is aew
to the power industry.

In seeking reliability of safety systems, there has bc;n much
attention in the nuclear field to redundancy, diversity and quality
control. As a result of the evolution of designs, and the large number
of new orders for nuclear plants, questions have been raised regarding
the proper balance among back-up systems with respect to the require-
ments of basic plant design.

The Study Group endorses the defense-in-depth concept, but belleves
that the greatest emphasis should be placed on the first line of defense,
i.e., on designing, constructing, testing, and operating a plant so that
it will perform during normal and abnormal conditions in a reliable and
predictable manner. This assurance of quality is obtained only if
safety requirements are clearly and adequately defined, plant designs
meet these requirements without excessive complexity, construction is
in accord with design, and operation and maintenance issure continuing
conformance with safety criteria. The need for greater emphasis on
quality assuraace is supported by recent experience which has revealed

a number of defects in reactor construction and deficiencies in meeting



design ol jectives that have required correction in plants currently
under comnstruction,

A number of factors are included in the recommended emphasis on
quality assurance, all of which need attention to achieve the overall
goal. Among these are independent reviews of design, constructionm,
cests and operation; deliberate use of inherent safety features; pro-
vision for effective inspection, maintenance and surveillance; accurate
records; and performance evaluation.

The Group considers that industry has not demorstrated sufficient
recognition of the contribution to safety that can be made by designing,
constructing, testing and operating a plant so that it will perform
during normal and abnormal conditions in a reliable and predictable
manner. Consequently, greater attention should be given by the
industry to establishing the strong quality assurance programs that
experience has shown are needed to achieve this kiad of performance.

The Study Group believes that nuclear power plants designed,
built, tested and operated in a disciplined manner with exacting
standards of quality will provide an adequate level of safety. Never-
theless, abnormalities, deviations and accidents may occur; and with
no operating experience with the large reactors of new design, the
.Gtoup does not believe that current requirements for engineered safety
features are exc2ssive or that trade-offs should be made at this time
among the various elements of design contributing to defense-in-depth.
In this regard, most of those to whom the Group talked could offer no

suggestion {or elimination of the syitems now provided.
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There was universal support for strong quality assurance programs
among those to whom the Group talked, There is, however, a wide vari-
ation of understanding and experience in this area. The Group concurs
in the definition of quality assurance set forth in the "Nuclear Power
Plant Quality Assurance Criteria,” being developed for issuance by the
Commission:

"Quality assurance comprises all those
planned and systematic actions necessary to
provide adequate confidence that a structure,
system, or component will perform satisfactorily
in service."

The term is used in the broad sense of applying quality assurance
throughout all phases of the design, construction, testing and operation
of a nuclear power plant. It includes quality control, which comprises
those actions related to the physical characteristics of a material,
component or system and which provides a means to ccatrol quality to
predetermined requiremen:s.

In view of the wide variation in understanaing of quality
assurance ard the need for increased atteation to this matter, the Group
believes it would be useful for the Commission to adopt the policy of
putting first priority and emphasis on quality assurance, as earlier
defined, in providing nuclear plants with an adequate level of safety.

In sum, the Group believes that greater emphasis should be placed
on providing sound juality assurance progruims in the nuclear industry
and that there should be no present reduction in the requirements for
baza-up or consequence-limiting safety features in current designs for
water-cocled nuclear power plants.
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C. Safery Research as Related %o the
Licensing of Power Reactors

Consistent with the Commission's two stage licensing process,
construction permits for large water-cooled power reactors have been
issued on the basi) that there is reasonable assurance that safety
questions requiring research and development will be satisfactorily
resclved prior to completion of the proposed facilities. 3Because
of the large number of these plants scheduled to begin operation ia
the next few years, special attention must be directed to assuring

that the required research is being conducted and that the resul-s

will be available when needed.

RECOMMENDATIONS

1. Applicants, reactor designers and the regulatory groups
should continue to refine and formalize the existing
practice of identifying at the comstruction permit stage
for each nuclear power plant the safety issues requiring
resolution by research, and the scope and schedule of
programs expected to provide the information needed to
resolve these issues.

2. Present AEC efforts to document and review Commission
and industry-sponsored safety research programs to

\ determine whether these programs are adcdua:c for timely
resolution of safety issues for large water-cooled

nuclear power plants should be continued and expanded
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to include active participation by reactor designers
and utilities,

3. 1If necessary research programs are not being conducted,
or are not sufficiently responsive to the identified
needs, alternative courses of action should be developed

and implemented by the AEC and the nuclear industry.

DISCUSSION

Both the Commission and the industry sponser nuclear safety
research programs to support the develcpment of power reactors.
Historically, the AEC has financed much of the safety research for
water-cooled power reactors and it continues to support these safety
research programs. The large number of construction permits for these
power reactors which have been issued in the last several years does
not imply there is a decreasing need for water reactor safety research.
Rather, because these construction permits were issued on the basis
that planned research programs would rusolve certain safety questions
relatec to these reactors and bacause new questions have resulted from
the increases in reactor power level and power density, there i{s an
increasing need for safety research. As a result, the combined AEC and
industry research program on safety qqtstions related to water-cooled
power reactors continues to grow.

It is difficult to distinguish safety research necessary for
the licensing of individual power reactors from basic safety research
that increases the understanding of safety-related technical cuestions.

There is some tendency to classify in the basic category all research
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needed to resolve the safety questions Ldontifi;d for large wvater-
covled nuclear power plants and to place complete responsibility

on the AEC for conducting the necessary programs. An opposing view
considers the technical questions to be related only to specific
plant designs and believes that AEC financial support for water
reactor safety research should be significanrly curtailed, if not
eliminated. Whatever the view and irrespective of who finances the
programs to develop the information, it is indisputably the licensee's
responsibility to provide the information necessary to resolve the
technical safety questions related to his nuclear power plant.

Most of the present safety research effort is directed toward
providing information concerning potential accidents having very low
probabilities of occurrence. Analyses have shown that the safety
features prov'ded in current designs of water-cooled power reactors
are adequate to protect against these accidents., While the Study Group
believes it i{s reasonable for some nuclear power plants to begin
operation with the assurance of adequacy of safety features dependent
on analyses, it is important that these analyses be confirmed in a
timely fashion by the results from planned research programs.

The first necessary step to this end is te identify clearly for
each plant at the construction rermit stage the ' .chnical questions
roquiring research, and the scope and scheduling of programs expected
to provide the information needed to resolve the questions. The
Study Group is aware that, in recent licensing cases, efforts have been

made to document not only the technical {ssues for the particular power



Teactors and the research programs necessary to provide information
to resolve those issues, but to document also the schedules of the
necessary research programs. The Group recommends that such efforts
be further systematized so that licensees, regulatory groupe and
those responsible for conducting research can more clearly understand
what specific information will be required prior to operation of
power reactors and the timing necessary for developing this information.

A second step to assure that research is oriented to meet safety
and licensing requirements is to document and review periodically the
existing and planned programs. The Study Group notes that efforts in
this regard are undervay by the AEC's development and regulatory staffs.
The Group further notes that increased communication between the
Commission's regulatory and development staffs has resulted ia better
cooriination of the AEC-sponsored research programs with regulatory
needs. These staff level actions have been fostered and encouraged by
the AEC's Steering Committee on Reactor Safety Research.

The Study Croup believes there should be increased participation
by the nuclear industry, particularly by utilities, in current AEC
efforts to relate the research programs in vater reactor safety to
the requirements and schedules of the licensing process. Discussions,
at both management and staff levels, should be arranged among appro-
priate AEC, reactor designer and utility personnel who are conversant
with industry research and nuclear power plant licensing and safety,
Through better appreciation of each other's problems, both technical

and financial, and by frank discussion of the technical safety issues,

- 19 =



a better definition of the necessary scope and schedule of the
safety research programs can be developed. Possible courses of
action if these needs are not being satisfied can also be deter-
mined.

Closer cooperation between AEC and iandustry on safety
research would improve the basis for determining which of the needed
safety research programs should be financed by the nuclear industry
and which by the AEC. Development of appropriate financial arrange-
ments at this time, when the AEC is stiil sponscring a major porticn
of the water reactor safety research program, will ease the inevitable

transition to the time when industry must initiate and fund most of

this program,
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D. Relative Emphasis on Large and Small Accidents

The Study Group considered the problem of whether detailed
consideration of a few serious postulated accidents is diverting

effort from needed study of less serious, more probable malfunctions.

CONCLUSIONS AND RECOMMENDATIONS
v//’ 1. It remains necessary to consider, in safety reviews,
a wide variety of expected transients and postulated
accidents.
2. The design basis accidents presontly used in the safety
evaluation of large water-cooled power reactors should
L/”/ not be changed until convincing technical evidence is
ava:.lable that the change is justified.
3. An integrated engineering approach is needed; safety
features added to cope wiih one malfunction should be
V///’/’cngincerzd 80 as to not unduly increase the probability

or consequences of another malfunction.

DISCUSSION

Early safety reviews included postulated complete reactor
failure and an all-enveloping containment sufficient to maintain
off-site exposure at a tolerable level and thus to protect the
public. All other possible accidents were considered to have
containea ccnsequences less severe than those of the maximum

accident; therefore, the containment provided protection to the



public for small as well as large accidents. The increase in the
size and complexity of reactors since that time has required
development of a system of engineered safety features which would
operate in accident situations to prevent fuel failure and melting,
to remove afterheat, and to cope with a radiocactive, hydrogen-rich
containment atmosphere in order to provide containment or confine-
ment of radiocactivity for the protection of the public.

The regulatory system for safety reviews has evolved from one
based on consideration of a single worst accident into one which
considers a spectrum of expected transients and a number of postulated
malfunctions and design basis accidents. For the larger reactors,
containing the worst accident considered credible does not insure that
all credible accidents would be contained. Since it is not permissible
in the case of large reactors to concentrate safety rcvicv; on the
worst accidents and to igrore the lesser ones, a spectrum of accidents
is considered.

Which postulated accidents tghould be use. as the design basis
for reactor safety? In the absence of wide experience with reacto:
accidents, calculation and judgment must be substituted for suc..

_experience. It has been suggested that the design-basis accidents
presently used should be revised to reflect a more nearly consistent
and mechanistic view of whal would actuanlly happen. The Group believes
that sufficient knowledge is not availabl: to justify such a revision,
and that current use of the non-mechanis. ic set of design-basis

accidents presently employed provides a needed safety margin to allow
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for unknown factors. Changes in these design basis accidents
should be made only when justified by coavincing technical evidence.
In designing protective systems and safety features to deal
with postulated malfunctions and transients, an integrated engineer-
ing approac® is needed to prevent interference of one safety feature
with another, or with normal operation. A device added to increase
safety in some postulated situation should not unduly increase the
probability or consequences of any other malfunction. This possible
result is a criticism the Group heard of the present design-basis
accidents, i.e. that detailed attention to serious, highly imprcbable
postulated accidents might result in such complex systems that overall
b//”/safcty might be decreased. YNeither the industry representatives heard
by the Group, nor the Group itself, believe that this decrease in
safety has actually occurred; and no examples were suggested of safety
features that decreased overall safety. The Study Group believes,

however, that continued attention is required (o the engineering of

afety features in a consistent, disciplined way so that safety is

in fact increased by their installation.

————— A O~ ——

“IA':his connection, it seeas worth noting that the reliabilicty
required of a safety device depends both on the probability of need
for its functlion and the consequences of its failure to function
when needed. Implicit in this statement is the knowledge that risk
cannot be made exactly zero, but that an extremely low, acceptable
value must be maintained. Postulated events of sufficiently low

probability need not be protected against, since the risk from them is
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negligible. For serious potential accidents of low, but not
negligivle, probability of occurrence, protective systems with

good reliability are rcquircd.. Situations for which the anticipated
rate of occurrence is relatively high (say, once every few years)
require protective systems of extremely high reliability in order

to raduce the risk to an acceptably low value. These more frequent
events —— expected transients - play an important role in the
assessment of the overall risk and may determine the reliabilicy

requirements of reactcr protective systems. The Group believes this

matter warrants further consideration.

Attention should be directed toward expected transients and

non-catastrophic malfunctions for another reasun: they provide

potentially useful indicators of incipient safety problems in an
- ,/- L J—

operating reactor. The race of such incidents, and also of malfunctions

in the protective systems and engineered safety features, should remain
at a tolerably low level, consistent with design expectations. Disg~
covery of a malfunction rate higher than that reascnably cxpected ==
in particular, of any upward trend in the rate with time — should be
considered evidence that something is amiss. For example, it is beside
the point that an abnormally high rate of unneeded reactor trips is
in the safe direction. Such a circumstance is a symptom of trouble ia
_———————,_———“"h"?fotlccion system w"ich may Iinclude concealed changes adverse to
the functioning of the system. For this reascn, the continuing sur-
veillance of incidents and malfunctions discussed in Section III.I of
this report is important to maintaining the availability of safety

devices to perform their functions if needed.



E. Quantification of Safety

It has been suggested that a more quantitative approach be
used in the evaluation of risks associated with nuclear power plants
bath to attempt to establish overall risks and to provide techniques
for comparative studies of safety systems, Such an approach, if {t
could be realized, would assist in reducing uncertainties in the
licensing process, particularly in areas which have been criticized
for lack of clear, consistent requirements. The Study Group .onsidered

whether and to what extent the safety evaluation process can be quantified.

CONCLUSIONS AND RECOMMENDATIONS
1. With existing techniques and knowledge, the tu.al risks
to the public frem nuclear power plarts, although very

small, cannot now be meaniagfully expressed in numerical

teras,
2. Quantification techniques do show promise as a tool in
comparacive safety evaluation.
Ji Efforts should be made to improve the collection of
data needed to evaluate the reliability and causes for
failure of safety-related systems in nuclear plants.
A cooperative effort by the AEC and the nuclear industry,

particularly the utilities, probably will be required

to achieve such a program.
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DISCUSSION

Two fundamental questions are involved in making safety
evaluations for a nuclear plant:

1. How much safety do we need?

2. How much safety do we have?

The answer to the first question is an evaluation of the degree
of risk that should be accepted., It is inescapably a policy decision,
even though the intriguing possibility is being raised that it may be
expressed quantitatively in comparison to risks that have beea and are
being accepted by the public.

The answer to the second question is an evaluation of the risk
that is being taken (presumably measured against an answer to the
first question). Since it deals with hardware rather than with Judg-
ments, it has the possibility in principle of being made on a more
quantitative, objective basis. Clearly, if this possibility could
be realized, many of the uncertainties in the safety evaluation
process would be reduced.

Historically, acceptable levels of risks for activities in
society have not been established a priori, but have emerged in the
- form of acceptable practice (rather than as quantitative evaluaticns)
over a period of time long enough to observe the interplay of costs,
benefits and risks.

Primarily because of the risks involved in the low-probability,
large-consequence accidents, the nuclear power industry and the

regulatory bodies have followed a different course. They have
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diligently attempted to consider hazards and to apply preventive
measures prior to undergoing actual accident experience. In so
doing, they have so far eliminated, and hopefully will continue
to prevent, the empirical accident experience that has ia the
past provided the basis for evaluation of actual risk and for
determination of the socially acceptable level of risk. There are
two important consequences of this circumstance:
1. Estimation of the actual total risk of nuclear
power plant operation will be based only on
extvapolation of experience data with small-
to-moderate accidents and near-accidents. Neither
the data nor the conceptual framework now exists or
may be attainable for such extrapolations.
2. The acceptable level of risk -- "How much safety do
we need?" -- will not be derivable from experience

and will be a policy decision.

The answer to the second question -— "How much safety do we
have?" -- also involves evaluations not empirically determined. 3ut,
in principle, an evaluation can be made. Such evaluations are subject
to two basic limitations. First, no certainty exists that all failure
modes are recognized, and thus the evaluation may not be conservative,
Second, and more baaic to the usefulness of the approach, is the lack
of probability information of the required detail and accuracy. The
availability of informatiocn does not appear adequate to permit a

meaningful evaluation of total risk.



Further development of techniques for comparative evaluation
of risk appears to have promise of beneficial results and should
be encouraged. Moreover, even with relatively sparse and imprecise
failure data, the existing methodology can be of value in influencing
basic design apprcaches or in comparing performance of subsystems.
1f properly developed and applied, these technijues might be used
to:

1. Ccmpare alternate safety systems and components
of engineered safety systems.

2. Measure the relative protection provided against
several postulated accidents to help decide which
should receive the most attention.

3. Decide if the problems caused by the additional
complexity from adding a safety system outweigh the
advantages of that system.

4. Measure on a uniform basis the relative gain in safety

provided by an additionmal safety feature.

The nuclear industry and the regulatory groups have not used
these quantification techniques in as systematic a way or to the
degree they are used in some other industries. The Study Group
believes that greater use should be made of these techniques
and the development and application of these techniques for

comparative analyses by the nuclear industry and by the regulatory

groups should be encouraged.



Application of these techniques is dependent upon the
availability of adequate data on fallure rates and modes. Prasently,
only gross failures are reported. While the lessons thus learned
are invaluable, particularly in identifying previously unsuspected
failure modes, much more data is needed. Protective systems and
engineered safety features are tested regularly; and compilations of
test data -- successes as well as failures -- are a largely untapped
source of failure-rate data. 7Tt ‘s the utilities that are vital to
such a program, since they ojerate the plants and collect tﬁc data.
Moreover, it is the utilities who eventually benefit, in enhanced
plant availability as well as safety, when lessons learned from
failures and reliability studies are fed back into new designs and
criteria.

While the proper use of quantification techniques may be helpful,
a note of caution should be sounded concerning their misuse. The
Study Group believes these techniques should be used as a tool in
achieving a sound engineering design. To rely on the use of these
techniques as a substitute for or at the expense of a disciplined
engineering approach to design with an asscciated strong quality
assurance program would be a misuse of the techniques and could result
in a decrease in overall safety.

Successful attempts to quantify safety appear to be limited
presently to comparative studies. It is not clear, however, what
success might be expected from additional development of the technique

and the possibility exists that total risk evaluation may be feasible
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in the future. In any event, there have been only limited attempts
to date at systematic examination of the data requirements for
meaningful evaluation, cr of the feasibility of alternate approaches.

The Study Group believes such a systematic examination should
be made.

In summary, the Group believes that develcpment should be
continued on techniques for the quantitative assessment of risk.
Howvever, before such techniques will become a practical tool in
evaluating overall reactor safety, much work remains to be done
in the following areas:

1. Extrapolation from experience with small accidents

to quantitative judgments regarding potential

serious sccidents.

2, Identification of potential failure modes.

3., Development of information on failure rates of

equipment and probabilities of pcstulated accidents.

4. Establishment of an acceptable level of risk.



F. Degree of Standardization and Imposition
of Additional Safety Reguirements

As proposed reactors have become more nearly alike, regulatory
requirements have tended to become more stable. Nevertheless, in
a number of cases, safety questions not previously identified have
arisen and their resolution has caused delay and increased cost.

A proposed different approach to reactor licensing would be
certification of a reactor design and plant safety features outside
the context of individual license application reviews. Duplicate
plants could then be licensed without extensive review, except for
site-related factors. Changes in the certified designs would be
considered in a manner similar to the original certification.

Consideration of the value of a certification system requires,
among other things, an evaluation of the extent to which current
designs of large water-cooled nuclear power plants have become
standardized and the degree to which the benefits of standardization

can be realized within the present framework of the licensing process.

RECOMMENDATIONS
1. CGreater advantage of the current degree of standardization
in reactor and plant design should be iaken by applicants e
and the regulatory groups within the present framework of
the licensing process in order to realize more of the
benefits of this standardizatien.

2. A formal system for certification of details of reactor

and plant design features outside the context of individual



iicense application reviews should ot be adopted by

the Commission at this time.

DISCUSSINN

There appears to be a considerable degree of standardizaticn
by each major supplier in the conceptual designs and the nuclear
steam supply systems for current large water-cooled nuclear power
plants. There is less standardization, and the te2chnology seems
less well developed, in the design of Cystems, such as emergency °
core cooling systems, that interface with the nuclear steam supply
system.

There is even less standardization in the preliminary design
of other engineered safety features for these large nuclear power
plants, such as containment, fission product removal systems, and
emergency power sysiems. Factors that hinder their standardization
are (1) these features are site-related and thus subject to more
variation; (2) they are usually designed by architect-engineer
firms, which are more numerous than the ccmpanies designing nuclear
steam supply systems; and (3) the utility ianfluence on these plant
design features is more pronounced.

There has been considerable discussion within the nuclear
industry regarding methods for taking advantage of the trend toward
standardization in the design of water-cooled power reactors. The
Study Group believes that some gains in this direction are evident
now and that acre of the benefits of the current degree of desizn

standardization can be realized within the framework of the present



licensing process. For example, the present regulatory practice
of conducting a single safety review for the identical design
features of twin nuclear power plants at one site could be extended
to cover identical design features of all plants of the same class,
taking into account only the different {nteraction problems and
site connidcrations; and any newv safety-related information. The
cocperation of applicants propesing duplicate designs is needed,
since obtaining the benefits of such a procedure would require clear
identification of features and their design bases which are the same
as those accepted for a previously reviewed plant. The Group believes
there is a potential in greater use of such an approach for consi-
derable savings in regulatory review time.

The Commission announced its willingness in December, 1964, :oﬂ
conduct informal reviews and evaluations of power reactor systems
or major components in advance of the formal filing of an application.
This procedure has been used successfully on a number of occasions,
with varying degrees of examination. Reviews have ranged from initial,
informal reactions of the regulatory staff to detailed safety evalua-
tions by both the staff and ACRS. Such reviews, conducted under
present procedures, can provide some of the benefits hoped to be
achieved by a formal certification process, such as the one discussed
later in this section.

The Study Group endorses the proposed changes in licensing
regulations concerning provisional comstruction permits develcped

by the Director of Regulation and believes these changes will perait
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greater advantage to be taken of the current degree of standardization
in vater power reactors. If these changes are adopted, the extent tc
which specific reactor and plant features are approved by the regulatory
groups 4t the construction permit stage will be more clearly defined,
and modifications to the approved design of these features will not

be imposed by ££ll¢ groups at the operating license stage unless
substantial additional protection, which is required for the public
health and safety, would be provided.

Another method which has been proposed to take greater advantage
of the current degree of standardization is for the AEC to adopt
procedures for approving (certifying) the design cf a specific type or
portion of a nuclear power plant cutside the context of an individual
license application. This proposal would provide for establishment of
joint AEC-reactor designer groups, apart from any license application
proceeding, to identify all the accepted safety design features of
a standard reactor and plant design. The proposal provides that
each team would then define and set forth in a document all the
characteristics and bases of these accepted features which are important
to safety. The resulting documents would contain enough details con~-

"cerning these features so that if the document were included as part
or all of subsequent constructiocn permit applications, the features
described could be approved without further review by the regulatory
groups. This document could also be used at the operating license
stage to justify acceptance of the certified design features upon

showing that they had been built in accordance with its provisionms.
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The most important potential advantage of this proposal i- the
rapidity which it appears to provide for converting specific decisions
made Ly regulatory groups into a basis that can be applied generally
to subsequent licensing reviews of individual applications. The
suggested procedure would achieve its purpose primarily by systematizing
and organizing the steps in the licensing review process in such a
manner that general applicability could be derived from regulatory
decisions.

There are several difficulties with this proposal. To begin with,
one of the principal premises of the proposal is that prior acceptance
of design features of facilities licensed for construction can be
translated into general approval of safety features. This would be
difficult at the present time, because of the limited number of detailed
final designs that have been reviewed, and because of'thc need to complete
research and development programs substantiating design adequacy and the
need for confirmatory operating experience.

There are other disadvantages to the certification approach. The
certification would represent an agreement on safety-relataed design
aspects between the AEC and the reactor designer, rather than the reactor
operator-owner. Thus, this approach would depart from the underlying
philosophy of present licensing procedures which places responsibility
for safety on the reactor operator. Some of the utilities who met
with the Group indicated a reluctance to accept a certification type
arrangement unless they could become active participants in the

discussions regarding acceptability of specific reactor design features.

> 38 -



By enlarging these discussions to include any or all utilities,
complications would be introduced in establishing priorities, in
obtaining agreement of all parties and in reaching timely decisions
concerning the acceptability of reactor design features,

It appears to the Study Group that formal adoption of cer-
tification procedures by the AEC might be more useful and practical
in the future than at present. It remains to be seen whether there
will be substantial standardization of safety features which will
encompass all areas of design, including containment and other
site-related features. Further, the results of operating experience
with the larger power reactors and of research and developuent
programs, such as those concerning the effectiveness of presently

"””’",——””—‘—;::I;ncd emergency core cocling systems, would be available for
consideration at that time. In the meantime, the Group believes
that further advantage of any standardization of the design of
water power reactors can be realized by applicants and the regulatory

groups within the framework of the present licensing process.
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G. Criteria for Deciding When to Backfit After
Issuance of a Construction Permit

The impositicn of additional safety requirements after
issuance of a construction permit (backfitting) has been dealt
with on a case by case basis. While this approach permits maximum
flexibility, it also creates considerable uncertainty for licensees.

Criteria would be helpful in recucing this uncertainty.

RECOMMENDATION

The Study Group endorses proposed changes in the Commission's
regulations developed by the Director of Regulatiom which will provide
that additional safety requirements for a nuclear power facility for
which a construction permit has been issued will be imposed by the
Commission only if it finds that such action will provide
substantial additional protection which is required for the public

health and safecty.

DISCUSSION

Most industry representatives with whom the Study Group talked
criticized the present practice concerning backfitting since it has
led to uncertainty after issuance of a construction permit as to
what safety features a licensee may have to add or modify in order
to receive an operating license without delay.

The Study Group believes that proposed changes in the Commission's
regulat’ . . .ncerning backfitting will alleviate some of this un~-

certainty. The proposed amendment will make it clear that additional
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safety requirements will be imposed by the Commission after issuance

of a construction permit only 4if it finds that such action will provide
provide sutstantial additional protection required for the public

health and safety. The amendment will not affect licensee responsibilicy
for evaluating significant new information developed as a result of
experience with design, construction, testing and operation of a

reactor or as a result of safety research and development programs

and for recommending any changes needed to protect the health and

safety of the public. The AEC may still require information from
licensees sufficient to provide an adequate basis for making judgments
in particular cases, however, licensees should not consider such requests
as a prejudgment of the issues.

One of the potential problems that 2ight be encountered in imple-
menting this criterion for backfitting would be a disagreement between
the regulatory staff and the licensee as to the safety requirements
agreed upon at the comstruction permit stage. The proposed amendment
to the Commission's regulations will minimize this problem by providing
for development and use during reactor construction of a system similar
to the technical specification system presently being used during
reactor operation. This new system will require delineation of the
essential elements of the design and specify that these cannot be
changed after issuance of the permit without prior Commission approval.
Other design aspects can be changed at the licensee's discretion, subject
to later review by the Commission at the ocperating license stage.

The Study Group believes that development and use of a system such
as that outlined above would contribute to the stability of the licensing

process,




H. The Role of the ACRS in the Regulatory Proces;

The Internal Study Group examined the role of the ACRS in
the regulatory process with regard to the review of individual

applications and the resolution of broader safety issues.

CONCLUSIONS AND RECOMMENDATIONS

1. The ACRS constitutes a valuable resource of the
AEC. For optizum use of the Committee, its role
in the regulatory process should be modified.

2. The ACRS should be relieved of the obligation to
review and report on all applications for power
reactor construction permits and cperating licenses.
The Committee should then gradually reduce its
involvement in the reviews of individual applications
and concentrate more on:

(a) Safety issues involving a class of reactors,
new concepts of reactor design and new
approaches tc accident prevention or con-
sequence limiting safety features.

(b) Evaluation of new data resulting from safety
research and development programs and infor-
mation gained during the construction and

operation of power reactors.
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(c) Development of regulatory criteria and standards
relating to safety and the technical bases used

in the regulatory review of individual applica-

tions.

DISCUSSION

The Atcaic Energy Act presently requires the ACRS to advise
the Commission as to the safety of each power reactor prior to
the issuance of a construction permit and again prior to issuauce
of an operating license. This case bv case review by the part-time
advisory committee has produced valuable results.

In the Group's view, however, the relative utility of the
present type of ACRS review must be viewed in the context of
changing circumstances. As the number of similar plants and the
relevant safety-related areas repeatedly reviewed have increased,
the premises underlying regulatory approval of {ndividual applicactions
have been used increasingly to form the bases for regulatory criteria
and standards. Although much remains to be done with respect to
criteria and standards, significant progress has been made. With this
background, and with the present depth and breadth of techanical com-
petence within the regulatory staff, the Study Group believes the staff
is in a position to and should perfurm more of the case reviews alone,
without an ACRS review. The consideration of the large volume of
details inherent in an in-depth review of a particular application is
best accomplished by a full-time, competent, professional regulatory

staff,
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In difflcult cases, in cases where novel design approaches are
proposed, and in cases for which regulatory criteria are not available,
specific case reviews should continue to be made by the ACRS. But
apart from those cases, the Study Group believes that it is in such
areas as development of criteria and consideration of special safety
issues, that a part-time expert committee can be most effectively
and efficiently used.

It is the Croup's view that the ACRS might becter conceatrate
its efforts on safety issues involving a new class of reactors, new
concepts of reactor design and new approaches to accident prevention
or coausequence limiting safety features., The Committee should also
be in a position to evaluate new data resulting from safety research
and development programs and information generated during the con-
struction and operation of power reactors. And, of progressively
increasing importance, the Committee should have sufficient tizme to
make the zaximum contribution to the development of regulatory criteria
and staﬁdatds relating to safety and the description of the technical
bases used in the regulatory review of individual applications.

A change of this magnitude should not be undertaken abruptly.

The Study Group believes that if the required enabling legislation

is passed the ACRS should gradually ;oduce its involvement in
individual applications and correspondingly concentrate its involvement
on issues wnich affect overall safety and the criteria and bases on

which the regulatory staff's safety reviews are made.



I. Tiaing and Staging in the Review

and D.c;sion-ﬂakin. Process

A closer correlation is desirable between the timing of
industrial decisions underlying the planning and executioa of
nuclear power plant projects and the timing of related decisions
in the regulatory review process. This is particularly true with
respect to the timing of decisions on siting and proposed plant

design,

RECOMMENDATION
The Commission should explore the possibilities for revising

the present regulatory review process with a view toward achieving
one or more of the following objectives:
A. A3 earlier regulatory determination than at present =
on the matter of lit; suitabilicy,
8. A phasing of regulatory design and construction
approvals to correspond as closely as possible to
...
the normal industrial plant design and constructionm
phases.
C. An earlier construction permit decision than at
present for reactors of established technology and
generally standardized design, based on less
documerted design inforamation in the application
specific to the particular facility than (s now

required.



DISCUSSION

The industrial process of planning and achieving the production
of power from a nuclear generating station involves a rumber of
decision peints. These include the decision to build a nuclear plant;
the choice of a site; the selection of plant size, type and suppliers;
the determination of the type of contracts and their execution; and
the scheduling of construction so as to mee: expected power needs.

The system for regulatory review of and decisions on power
reactor license applications should provide the following:

1. A sound technical review of the reactor site, design,

construction and cperation proposed by the applicant,

2, Safety criteria, standards and codes, or other bases,

upon wnich well-founded and timely regulatory decisions
can be made,

3. A procedure which defines the scope and timing of

regulatory reviews - relatively inflexibly and predictably
for reactors of established technology.

4. The means for public scrutiny of regulatory reviews and

the timely opportunity for those whose interests might

be affected to have their views considered.

A lack of reasonable correlation between the tining of the
decision points in the industrial process and the decision points

in the system for regulatory review can have undesirable effects.
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It may result in disc atinuity in construction planning and extra
costs for facilities; and, on a broader scale, it can be a possible
hindrance to achieving the goal of economic nuclear power. Accordingly,
an important area of consideration by the Study Group, to which much
thought was given, was whether the decision points in the regulatory
process could be better matched than at present with those in the
industrial process.

Because the licensing process entails a review function, the °
timing of its decision points cannot correspond completely with
the timing of industrial decision points. Industry representatives
were of the view, however, that an improved correlation between the
respective decision points can and should be made. In this regard,
suggestions were received that the construction permit decision be
made earlier and that there be greater predictability as to what will
be approved. This would be done primarily by stabilizing the safety
requirements underlying issuance of a construction permit (a matter
discussed in other sections of this report), by limiting the scope of
review at the construction permit stage or by a combination of the two.
On a separate but related matter, the desirability of earlier oppor-
tunity for public participation im the regulatory review process -
particularly with respect to the site - was also considered.

The Group believes that possible changes in the directions
outlined above merit further seriocus consideration. In that
coonection, achievement of onme or more of the following objectives

appears desirable to the Group: (a) an earlier regulatory determination
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than at present on the matter of site suitability; @) a phasing of
reculatory design and coanstri..tion approvals to correspoud as closely

as possible to the normal industrial plant design and construction
phnscsé and (c) an earlier construction permit decision than at present
for reactors of established technology and generally standardized design,
based ou less documented design information in the application specific
to the particular facility than is now required.

The Group is not recommending any one particular course for
achieving these objectives since any such restructuring of Ehc
regulatory review process should be preceded by a detailed explora-
tion of relevant administrative, legal and other considerations. The
Commission, however, may find it useful to consider three variations
to the preseat review process which were discussed by the Study Group
as means for furthering the stated objectives. These variations are
described in outline below.

A. From the standpoint of tAc public and the utility,

a regulatory review of site suitability would be
preferable before any large commitment has been

made by the utility and before there have been

any irrevocable changes to the landscape. Since

the suitability of a reactor site cannot be judged
completely independently of the nucleacs plants proposed
to be located thereon, it would appear desirable that
the Commission consider whether adequate criteria can

be developed for siting reactors of established technology.
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With such criteria, a mandatory public hearing onm

site suitabilicy for r:actors of rhat type could be
held very early. Site preparation and initial
foundation work would commence after this early
hearing, to the extent such preconstruction permit
wvork is now allowed under Part 50, A more detailed
reviev of the proposed nuclear plant's design features
would take place at a later time leading to the granting
of a constructipn permit. Notice of proposed issuance
of the construction permit would be given and a hearing
would be held before an Atomic Sifcty and Licensing
Board if any party, including a sember of the public
whose interest might be affected, requested such a
hearing. Alternatively, notice of proposed issuance
and an opportunity for a hesaring might be dispensed
with in view of the prior site hearing. There also
would be a notice of pruposed issuance and an offer

of a public hearing prior to the granting of an
operating license.

The principal resulting improvement ia the
regulatory process would be the earlier consideration
of site suictability. A public review at that time
could be valuable to the utility in providing early
identification of potential site-related problems.

It could also benefit those whose intevests =might be



affected, such as local residents cr representatives
of interested States, by affording them an earlier
opportunity to have their views considered on the
safety questions involved. However, it is not

clear to the Group, based on its limited study, what

the problems might be in developing criteria suitable

for this approach.

A possible variation to the changes in the regulatory
process outlined in A., above, also appears to warrant
fucthar cﬁnnidcration for reactors of established
technology. Under this variation, steps similar to

those described in the preceding paragraph would be
followed until the completion of the mandatory public
hearing on site suitability. This hearing would Le
followed by a regulatory review of the design of the
reactor plant; however, approval of construction would

be in several stages rather than one stage. The several
regulatory review stages would correspond as closely as
possible to the actual industrial plant design and
construction stages. There would nct be an offer of a
public hearing on these separate regulatory construction
approvals, but there would be a notice of proposed issuance
and an offer of a public hearing prior to the granting of an

cperating l':zense. To be feasible, this apprecach would

N



require development and approval of acceptable design
interface conditicns at the time of approval of any
portion of the reactor plant design in order to assure
compatibility of th~ several parts from a safety
standpoint.

In additiom to the potential advantages of
earlier consideration of site suitability, discussed
previously, this review approach would bring the
regulatory decision points on comstruction authorization
closer to the corresponding industrial decision points.
At the same time, however, the increased number of
decision points would place special emphasis on the need
for making the regulatory decisions mere predictable.
This could be accomplished if adequate regulatory criteria

can be developed concerning the design interface conditions

previously referred to.

The correspondence between the regulatory and industrial
decisicn points could be improved if the comstructiocnm
permit decision on acceptability of both the site and
plant design could be made earlier in the rev? 'w process
than at present for reactors of established technology.
This might be done by requiring less documented design
information in the application specific to the particular
facility than is the case under present procedures. A

reduction in such documented informationm would, nowever,



need to be compensated for by a corresponding increase
in design standardization.

Under this approach, a construction permit review
for a reactor of established technology =ight be limited,
for example, to the proposed site, general reactor
characteristics, and engineered safety features. Mandatory
hearings at the construction permit stage might or might
not be retained; but there would, in any event, be an
opportunity fcr hearing at both the construction p;ruit
and operating license stages.

An earlier licensing decision cn site and design
matters could reduce the difficulties inherent in
imposing regulatory requirements at a point in time after
industry decisions and commitzents have been made. However,
to be fully useful, such a comstruction permit approval would
have to be grounded on regulatory criteria, or other bases,
sufficiently definitive to give reasonable assurance of
issuance of an operating license upon satisfactory com=-
pletion of facility constructionm.

The feasibility of this approach would seem to depend
on the possibilities for stabilization of the scope of the
constructiun permit review. For reasons discussed elsewhere
in this report, these safety reviews presently require a
substantial amount of information specific to the particular

proposed reactor. However, the present !rend toward
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standardization of design in water-cooled reactors, the
movement in the direction of establishing more comprehensive
safety criteria, cudes and standards, and the research
information and operating experience which will become
available for the larger water-cooled reactors, may provide
the basis for increased stabilization. It is in this comtext
that the possibility for an earlier comstruction permit

decision might be considered.

An additional observation is in order concerning each of the
above approaches, or others which might be considered for the re-
structuring of decisional points in the review process. The public
hearing phase of the safety review process has a bearing om the tizing
of regulatory decisions. Among those who spoke to the Group, opinion
was divided as to the need for or desirability of a mandatory hearing
at the construction permit stage - although all agreed that there should,
as a minizum, be an opportunity for a hearing. A hearing om an uncon-
tested construction permit application does involve some delay in
issuance of a construct.on permit (approximately six to eight weeks,
under current procedures), and thera is a question as to whether the
safety benefit derived from the limited board review warrants the time
delay. However, from the standpoint of public participation and
understanding, th2 hearing dces appear useful and the delay could be
mitigated if the hearing were held earlier in the development of the

plant, as previously discussed.
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One further matter warrants comment in connection with the
subject of hearings. It wvas suggested to the Study Group that the
role of the hearing board in an uncontested case might call for
enlargement if there were a change in the present statutory require-
ment for ACRS review of each construction permit application. The
Study Group does not agree with this view. The lack of need for
an ACRS review - premised, presumably, on the absence of substantial
or novel safety questions and confidence in the competence of the
regulatory staff - should not be grounds for expanding the review
function of the board. In this connection, it was recognized by
all who commented to the Study Group that hearing boards, by virtue
of their ad hoc composition, their discontinuous service and the
constraincs imposed by the limited periods for which they sit, are
not in a position to carry out a comprehensive technical review of
individual reactor applications. These circumstances further support

the Group's view that the role of the boards should not be enlarged.
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TECHNICAL ISSUCS

Attached you will find, in accordance with your oral request,
discussion of some tcchnical issues I believe to be important
subjects for Comnission consideration, although not necessarily

in the immediate future. The 1ist is confined to reactor safety
topics.

I have also appended a 11st of some reactor safety policy issues
that have come to my attention in technical reviews.

These enclosures represent my personal views and have not been

staffed out with the organizations normally concerned with such
matters.
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IAPORTANT TECHNICAL REACTOR SAFETY ISSUES FACIRG THE CO-MISSION RC:
. OR IN THE NEAR FUTURE

1. Desian Objectives and Safety Desian Basis for Water Reactors

Although your mother-in-law and your Congressman will tell you that
the safety goal is zero risk, we know that this is unattainable-and that
som2 non-zero risk must be accepted in all activities. The social question
involving cost/risk/benefit comparisons of the various alternatives that
are realistically available needs to be established. The Rasmussen Study
made an important first step in quantitative risk evaluation but the
technology is not yet available to resolve this question in a completely
quantitative way. The study has pointed out a disparity between (a) our
present "design basis" safety approach in which all potential accidents
arc either put into the design basis for complcte mitigation or remain
outside the design basis and have no safeguards compared to (b) the more
realistic viewpoint of a spectrum of accidents each with probability and
consequences of its own. Serious consideration should be given to modifying
the present all-or-nothing approach in the light of reality.

2. Design Objectives and Safety Desinn Basis for Hon-Water Reactors

For non-watcr reactors, .2 have neither the operating experience nor
the Safety Study to guide us. in developing criteria. The situation is
reasonably well in hand for H7GRs, but the pctential for autocatalytic
positive feedback leading to core nuclear explosions in LMFBRs is creating
great uncertainty regarding their design requirements. Calculations of
such violent events are increasing in scope and sophistication. However,
the results presently depend to a considerable extcnt on the phenomena
postulated to occur. For the near term, the staff has already decided
that a core disassembly accident must be part of the licensing design
basis. This decision is subject to future revision based on further research
that ERDA is convinced will show thac such events are so improbable they need
not be considered. e

Adequate safcty must be provided. Too much safety - added safety equipment
not actually needed to provide adequate safety - wasies scarce and valuabie
resources. Attention to improbable scvere postulated events tends to short-
change more probable but less severe accidents that should be considzred.

An important corollary issuc is whether the planned LMFER safety research
programs meet the totality of HRC needs.
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3. Reliability and the Sinale Failure Criteria

KRC has not established quantitative reliability criteria for safety-
rclated systems. The operating plants are one of our chief sources of
information but we do not know whether the rate of abnormal occurrences
now being exparienced is a satisfactory one or not. We do know that ‘
nuclear unit availabilities and capacities are not satisfactory. We need
to Tind out whoether safety system availability is satisfactory and to
improve whatever aspects of reliability need improviug.

4. Human Performance

Present designs do not make adequate provision for the limitations of
people. Means must be found to improve the performance of the people
on whon we depend and to improve the design of equipment so that it is
less independent on human performance.

The -potential for internal and external sabotage constituting a public
salely hazard, and the degres to which design 2nd operation needs to take
sabotage into account, nced to be delineated. Studies now underway should
help, but some of the issues are non-technical. In spite of this difficulty,
technical criteria are needed. :

The relative roles of luman operatidn and automation (both with and without

on-line computers) should b2 clarified. Criteria ars needed regarding allowable

computerized safety-related functions and computer hardware and softwara
requirements for safety-related applications. ~

5. Plutonium Dose Criteria

Present accident dose guidelines values are given only for vhole-body
and thyroid doses. Other dose components (lung, GI tract, bone) should be
covered by similar guidelines. A number (or numbers) for plutonium
is particularly badly needed and will be particularly hard to establish.

6. Siting

Present criteria for siting are in need of improvement in the following
arcas:

@. The desian basis external events now in use for licensing are founded
on various schanzs for estimating a “"probable maximum"™ event. We do not have
any good way of estimating the return interval or the frequency of the
earthquake or flocd calculated in this way. Furthermore w2 are not likely
to dovelop ascd methods for doing so in the near future because of the short

/
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history (a few lundred years ot best) and the long recurrence interval desired
(sometimes we talk about a million yeers). Various developmental methods

for ostimating froguencies of design basis events, chosen as we choose them,
give recurrence intervals substantially shorter than a million years. The
lack of knowledya and tie dasire to be conservative is going to imake
resolution of this problun very difficult,

b. Our population siting criteria are indefinite at best. The applicant
is rcauired to ctudy populztion distributions around a site and to project
them for the 1ifc of the plant which, of course, he can do only very crudely,
but cur critericn for popuiation disiributien surrounding the plant are very
vague. Recent attempts to be more quantitative in this area met with great
resistance from the industry and from the old AEC. They tend to be over-
simplified, but I believe wa could do better than has been done. A related
problem is our preseat total lack of control over what goes in near the
plant after tha site is approved. We have some vague words about the
licensee's respunsibility to stay informed about subdivisions, ammunition
plants, LNG terminals and othor post construction materialization of things
that would have made the site unacceptable if known before licensing. Someday
some operating reactor is going to have a new neighbor of a really abominable
kind and we are going to have trouble coping with it.

c. I believe we are not being serious enough about siting alternatives

_that may offer substantial safety iuprovements. An obvious example is

underground siting about which we are just starting 2 study in RES.

7. Degree of Detail and Pealism in Safety Eveluations

The great improvement in computer codes available for use in analyzing
the course and consequences of postulated accidents has rather naturally led
to a corresponding increase in the depth and detail of Regulatory review of
these accidents. On the face of it this is a good thing. It leads to better
technical understanding and increased realism in evaluations. But is overall
safety review cnhanced by such detaiied examination of certain design basis
accidents? It is at least arguable that a broad brush treatment, with plenty
of arbitrary consarvatisws, gives at least as much safety with a lot less
vork on everybody's part. A recent 2nd obvious example is the new ECCS
regulation, which specifics in gory cetail exactly how these calculations are
to be made. Therc are many arguments for and against use of such details and
the subject is choeut right for reoponing, in ny cpinion.

A related subject is the very laerge -increase in the capability of the KRC
staff to male int2pendunt calculations in many cccident aresas. This has
proved to be iaveluzhle in iacreasing the stafi's tochnical’ understanding
and should be cuntinucd evcn if scme of the details are recognized as too
detailed for licensing.

J
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8. Fuel PFesformance

The performance of light water reactor fuel in normal service has bzen
disappointing to say the least. One would have thought that by this time
fuel technoloay would be well developed. The appearance of such difficulties
as densification, hydriding, hot pellets, and the recent incident at Dresden
vhere a transient, wall within all limits, resulted in unexpected fuel
failures - 211 tell us that fuel tnchn010gy is not in as good a state as we
thought. The relatcd technology of establishing fuel damage limits under
accident conditions is even less well establlshed principally because PBF
is so maiy years late.

9. Pu Recycle

This is not pr1nar|1/ a reactor prob]en The reactor aspects seem to
me to be adequately in hand,
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REACTOR SAFETY POLICY ISSUES

1. Internal Ouality Assurance

We are not taking our own medicine with regard to a quality assurance
program in Reg. We do not have a quality assurance organization, independent
of the line, rcporting to higher management and we have very little auditing
and QA in the line. If 10 CFR 50, Appendix B, is good stuff, then it should
be applied to the NRC organization. This must be applied to the quality
ef our product - safetj decis1ons -'as w°11 as the quantity and timellnﬂss
of our output. : :

-

2. Making Better, Faster and More Generic Decisions'

Our rccent record is mixed. A good example is ATWS and a bad example
is turbinc missiles, about which we seem not to be able to make up our
minds. [=ture technical safety review should not be endless and mindless
repetition of what we have been doing for the past couple of years but
rather consolidation into general decisions and gereral pr1nc1p1es, better
identification of what is truly important (risk evaluation?), and increasing
automation of routine evaluat<-as,

3. Stabilization of Requlation Reauirements and Standardization of Desians

Our recent reviews of the standardized designs that have been submitted

and recent discussions on standardization (and pigay-back) show the
following:

a. The standardization designs submitted are not consolidations of
previous experience. The proposed standard desigr~ include a2 large number
of "improvenents" not yet actually designed. So, i .ese first standard CPs
will be baced on a bunch of promises, even more iLnen recent custom CPs.

‘ A

b. New information from design and operating experience and safety
research programs, and new insights as 2 result of this experience and
research have pointed the way to improvements in safety that seem worth-
while and in scme cases nccessary. The pace and guidelines of th: standard
reviews has not permitted implementation of these, so they are hanging over
our heads as a serious threat to standardizaticn.

c. As a result of a. and b. and of the long time lag Leotween today's
bunch of promises and construction and oaerat1on of standard plants, more
aLthticn noeds to be paid to the execution of standardizaiion over tha

wext several years and stabilization of Reg requirements.

<
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4. Too lany Surprises

This is closely related to Item 3. In the past couple of years surprises
have crm2 both frow operating experience and from impreved understanding
by toth Reg and tha industry of safety problems we thought were put to bed.
An chvicus exauple 15 all th2 trecuble we had with ECCS evaluation models.
Iniievation by applicants will ccntinue to generate surprises. We must
develop mathods for dealing with these surprises, in cases and generically,
w1ttout ncving a fire drill each t1me
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'/'10 change to the regulztion has been made since 196 In application of the

B. Definition of Single Failure

Single lailure Is defined in 10 CFR S0 Appendix A As follows:
(_

"A single failure means an occurrence which results v
in the loss of capability of a component to perform
its intended safety functions. Multiple failures
resulting fromz a single occurrence are considered to
be a single failure. Fluid and electric systems are
considered to be designed against an assuzed single
failure if neither (1) a single failure of zny active
component (assuming passive components function
properly) nor (2) a single failure of a passive com-
ponent (assuming active components function properly),
results in a loss of capability of the system to
perform its safety functions. "

A footnote to this definition states that "single failures of passive ./”

compcnents in electric systems should be zssumed in designi ng a2gainst a

single failure."™ This means that for electric systec ion

is made between fai uch‘/
ures ous consl.ered in a;:lying the Single Failure Criterion.

For example, short circuits in electrical cazbles must be consicdered even

though a short circuit could be regarded as a failure of a passive

cozponent.

Jwg’q-—

ith rega*d to yessxve components in fluid svstems, the footnote further
states, "The conditions under which a single failure of a passive cox-
ponent in a fluid systez should be considered in designing the system -.u---’ef,

against a single failure are under developzent."”

While considerable progress has been made in defining the nature of sassiye
component failures which should be considered in the licensing review process,

Single railure Criterion to fluid sy. ..s, Section 6. of the Standard Re-
view Plan requires consideration of ;2ssive failures in the Emers gency Core
Cooling Systes Jduring the recirculation cooling mode fo’lc-lﬁg e:eraency
coolant injection, but does not define the nature of such failure Other
interpretations of the Criterion for passive co-ponents have been razde on
the basis of detailed engineering °val”at;:“s conducted during ;lca r.sing
reviews, but with some staff disagreement. For example, NUFEG.-0138

(Issue 7) has a cetaziled d.scussxcn of passive failures follow.ng a Loss
of Coclant Acciden®, and NUREG-0153 (Issue 17) has a cdetailed discussion
of passive type valve fallures., This subject is also summarizasd in
Section 4 below and the status of stancards developoent pertinent to this
subject is sumzarized in Section 6. The ‘cl-ou ng definitions of single
active and passive failures in fluid svstezs izportant to saf fety are

-

pertinent %o the discussion of the Sirgle FTailure Critericn.




.

C. Actlive Failure in a Fluid Systeng

An active fizlure in a fluid system zmeans (1) the failure of a ccmponent
which relles on mechanical movement for its operation to ccoplete its
intended function on aemand, or (2) an unintended movement of the compenent.,
Examples include the failure of a motor- or alr-cperated valve to zove

or to assume its correct position on dezand, spuriocus opening or clesing

of a motor- or air-operated valve, or the failure of a pump to start or

to stop on demand. In some instances such failures can be induced by
operator error.

D. Passive Failure in a Fluid System

A passive failure in a fluid system means a breach in the fluid pressure
boundary or a mechanical failure which adversely zffects a flow path.
Examples include the failure of a s le check valve to move to its correct
position when required, the l2akage of fluid from failed cczponants, such

as pipes and valves--particularly through a failed seal at a valve or pump-=-

or line blockage. Motor-operzted valves which have the source of power .
locked out are allowed to be treated as passive coaponents.

In the study of passive failures it is current practice to zssume fluid
leakage owing to gross failure of a pump or valve sezal during the long-
term cooling mode following a LOCA (24 hours or greater after the event)
but not pipe breaks. No other ;:ssive failures are required to be zssunmed
because it is judged that cocmpounding of probabilities associzted with
other types of passive failures, following the pipe break associated with
a LOCA, results in probabilities sufficiently szall that they can be reasonably
discounted without substantially affecting overall systexzs reliability.

It should be noted that ccnacnents izoortant to safetz are desiﬁned to
witnstand hazardous events suen 28 earthquaxes. Nevertheless, 1n keeping

with the defense in depth approach, tpe staff does consider the effects y"’—'
of certain passive failures (e.g., check valve failure, medium or high .

certai
energy pipe failure, valve stem or bonnet failure) zs otential accident
&
3 1
iati

A -

3. APPLICATION OF THE SINGLE FAILURE CRITEAION

As noted previously, the events and associated assuaptions which are con-
sldZered in connection with applicatisn of the Single Failure Criterion
sust be Jeflned for specific systems. The basic events and assumptions
are defined in the General Cesizn Criteria.

et e A A e et SRS .



R variety of design basis events which initiate a requirement for safety
System action oust be considered in the overall salety gvaluation of a
plant. 1In general, eazh of these initiatTs events requires an assess-
ment of the equipment damage that could cccur 2s a direct consequence of
the event. The Single Failure Criterion is applled to those systems which

must function after consequential equirment failures have been taken into
account,

The Ceneral Design Criteria make it clear that for electrical, instrumentation
and control systems, application of the Single Failure Criterion to systeams
evaluation depends not only on the initiaﬂé_\ermRes safety
action of these systems, together with consequential failures, but also

on active or passive electrical failures which can occur independent of

the event. fﬁus, evaluation proceeds on the proposition that single

fallures can occur at any time.

In contrast, for various fluid systems the General Desizn Criteria require
that the safety function be accooplished in the face of certain gonservative
assumptions in addition to application of the Single Failure Criterion. In
general, these assumpticns involve (1) the unavailability of offsite or .
onsite ~ower and (2) the postulated initiati fadadire. In the case of a
loss of coolant accidé3fT-?3?'3§EEFTET'T€-T;E§;:::‘§ssumed that a2 prizary

system pipe rupture occurs with consequential blowdown of primary coolant.

Sizultaneous with the pire rupture, it Is assumed that only the(?gfsite
power source or the onsite emergency power source is gvailzble, ese
assunptions are applied in additiocn to the Single Failure Criterion whieh
is 2pplied to the aggregate of systexs required to fulfill each specific
safety function.

The zmanner in which the Single Failure Criterien is currently zpplied to
various specific classes of safety related systems is outlined below.

A. Electrical, Instrumentation and Control Svstems

The general interpretation and application of the Single Failure Criterion

© electrical, instrumentation and control systems is stated in IEEE Std
375 as follows: ——

"The system shall be capable of performing the protective
actions required to accomplish a protective function in
the presence of zny single detectable failure within the
system [this is the "single fzilure") ccncurrent with all
identifiabdle, but non-detectable failures, all failures
occurring as a result of the single failure, znd all
failures which would be czused by the design bzsis event
requiring the protective function.”

(1) Successful ezmergency systeas performance zust be dezonstrated with
either offsite or onsite pcWer, zssuning 2 single failure.



Therefore, in the analysis to determine if a particular electrical,
instrunentation or control system meets the Single Fallure Criterion
the following postulates are made: L

(1) First, the particular design basis event or ascident is U"'
postulated to occur, along with any related or consequential
failures that could result from it.

(2) Trhen, the analysis assumes the presence of alil identifiable.’,r
failures which cannot be detected or tested in the design
or which are not in fact subject to surveillance tests as
set forth in the Technical Specifications.

(3) Finally, the presence of a single additional detectable -
failure is assumed in assessing the capaEII!Ey of the systenm
to provide the necessary protection for the design basis
event.

Analyses are performed in this manner to denonstrate the adegquacy of the
electrical, instrumentation and control systems design over the full range
of pcstulated cdesign basis events or accidents and <orst case single failures.

There is a special interpretation of the Criterion (Section .7 of ILFE U”’
Std 279) which specifically addresses designs in whiCh safety-related .
E??!?Eaentation or controls are also used to provide inputs to non-safety
relzted plant control systezs. In such a2 design it is required that where

2 single random failure in the safety-related system can cause 2 control “°
system actjon that results in a generating station ccndition requiring
protective action and can also prevent proper action of a protection

system channel designed to protect against the condition, the remaining
redundant protection channels shall be czpable of providing the protective
action even when degraded by a second random failure. This special
interpretation of the Single Failure Criterion !s specific for the design
cited above, and it is not applied to safety-related electric power systems.

Tue general interpretation of the Single Failure Criterion is applicable to .—"’
safety-related electiric power systems. However, the offsite power systeam

is an exception.t The speciflec requirezents of Ceneral Pesign Criterion 17

take precedence over the rigorous zpplication of the Single Fzilure Cri-

terion; i.e., an offsite power system comprised of cne delayed access

circuit and one immediate access circuit 1s cdeemed acceptable. The basis

for this position is that 2 second immedizte zccess circuit would not
significantly iaoprove the availability of offsite po<er at the e:ergency."’gf'
buses. This has been established by an analysis using reliability data

and not the Single Failure Criterion.



B, pergencv Core Cooling Svste

In applying the Single Failure Criterion to Emergency Core Cooling Systems
«“rich must function following postulated loss of coolant accidents, the ",r
requirements of General Deaign Criterion 35 = Eaergency Core Cocling = are
followed. Therein 1t ls stipulatea that following a postulatacd less eof
coolant acclident, suitable redundancy in equipment shall be precvided to
assure that for onsite electric power system operation (assuming offsite

power is not available) and for offsite electric pcwer system operation
(assuzing cnsite power is not available) the ECCS safety function can be
accomplished, assuning the most limiting additional single failure.

Appendix K to 10 CFR 50 requires that the only ECCS subsystems to be

assuned available are those operable after the nost damaging additional

single failure of ECCS equipzment has taken place. Selection of the single
failure to be applied to the emergsncy core cooling system is zade {ndependent
of the size or location of the postulated pipe break in the reactor coolant
system. Thus, for each postulated pipe break, that single failure which
results in minizum emergency core cooling perforzance is considered in

Judging the adequacy of the system. For example, this could be failure

of a ccmponent in a recundant ECCS subsystem or the loss of an emsrgency
diesel generator in addition to the lcss of all offsite power.

During the short-teraz ECCS coolant injection zode inmediately following
a loss of coolant accident, the mcst limiting single active failure is
consiZered in evaluating systeas perforzance capability.

S
During the long-term ECCS recirculation cooling mode the most limiting
active failure, or & single passive failure equal to the lsakage that would
occur from 2 valve or puzp seal fzilure, is assumed. The Sasis for not
inecluding other passive failures during the long term is based on engineering
Judgzent that such failures (pipe or valve breaks) have an acceptably
low likelihood of occurrence during the long-term phase of a loss-of-
coclant accident. Analyses of ECCS perforzance in WASH-1400 indicate
that passive failures of valves and piping are relatively szmall
contributors to ECCS unavailability during both the injection and recir-
culation modes of cperation.

C. Containzent Heat Reanoval 2nd Cleznup Svsteps

gn Criterion 38 - Contzinment KHeat Removal - regquires the """
provision ol & system 10 rapidly reduce containment pressure and tempera-
ture following any LOCA. While current practice is to apply only an zctive
ccmponent failure to the evaluation of the perforzmance of these systeas,
component redundancy ensures their availability even in the presence of

scae possible passive failures.
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General Design Criterion 41 - Containment Atzosphere Cleanup - requires ""
systeas U ontro ssion products, hydrogen, oxygzen, and other substances
which zay be relezsed into containmenth Hese systems must be capable

of functioning with either onsite or offsite power. Contaminants car enter
the ccntalnment due to a variety of events, such as a LOCA. The Single
Failure Criterion is applied subsequent to the pestulated event and, in
evaluating these systems, only active failures are considered, except in
instances where components may bde shared with ECCS systems. Tn such cases,
the possibility of seal leakage is considered in the long-term ECCS
recirculation mode.

D. PResidual Heat Removal Svstem

The capability for residual heat removal must be available using onsite

or offsite power, assuming an additional single failure. To accocamodate

certain single raill?ﬁmmﬁms, the staff has -

\’,acce ted use of the auxiliary feedwater system as a backu p
heat reacv system. ror curren esigns, the resi removal syst .

53??15?5:'333??%:5 to include additional piping and valves such that the’

Systez now has additional flexibility to perforz its function even after

a wide range of possible single failures. Also, zs part of current staff

reviews, certain initiating events have been postulated which are related

to the Single Failure Criterion. These events involve applicaticn of the

pipe break criteria for mcderate energy linss located outside of containment

scribed in Standard Review Plan 3.6.1. Thus, the staff applies a .o

ed passive failure as an initiating event for the residual heat re-

system. For this event, no additional single failure is zpplied
e Residual Heat Reamoval Systen.

(ol ¥ IS 1)
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E. Ultizate Heat Sink

General Design Criterion 44 - Cooling Water - requires a sy.‘“em to transfer
eat [rom systeasS, Sv vures, znd coomponents Inoportant to safety to an
ltinate heat sink under normal operating and accident conditions. The
ystexz aust be capable of carrying out its function using either onsite

or offsite power assuming any single failure. The requirexzents of the
Single Failure Criterion are applied in a manner sirmilar tc that which is
applied to residual heat removal systexs.

crR0

F. Containment Pipine Penetrztions

//%equire:ents for isolation valves on containnent penstrations are defined
n the Ceneral Design Criteria. The requiresents anticipate the pessibility
single active fallure of isolaticn valves in ezch line by requiring double
barrie-s. The Single Failure Criterion is also applied to the plant pro-
tection devices which initiate automatic closure of such isolation devices.
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re Criterion to assure safety of 2 nuclear power plant.
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¢oolant accident.
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initiating event, while in others it does not. As pre-
an example of the application of a passive failure
apprecach to long-term recovery subsequent to a lcss-of-
Applicants are required to consider degradation of a .
and resulting lieakages in addition to the initiating
e rationale for applying this type of failure is a
relatively extended periods of required operazticn of
pected to be on a standby slatus throughout the plant
od of accelerated wear of such components 2s puap and
e increzsed after tne adverse conditions following a
ration during the long term (up to months) reguires
failures be considered in designing the plant. The
additional passive piping fzilures is eladborzted in
8, Issue 7. Other exa=plzss of passive failure con-
sented in Section 4.B.

8. Valve Failures

A variety of valve

lve funcétions inc
rnd preventing flow
ally controlled an
znually controlled
operated, spring op

3w

H O m -

res

functions and valve types exist in each nuclear plant.
luce isolating flow, conirolling flow, admitting flow,
reversal. Valve types include thcse that are electri-
d cperated, electrically controlled and air operated,
and operated, zanually centreclled and electrically
erated, and self actuazted (check valves).
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Accordingly, a variety of failure modes can be postulated for valves within
the application of the Single Failure Criterion. Certain passive-type

valve failure modes have occurred (for exazmple, dropping of a valve disec).
This has resulted in a reevaluaticn of postulated valve fallures. NUREG-0153
(Issue 17) concludes that while the staff does not consider that changes

i{n safety criteria are warranted at thls time, ongoing efforts regarding

the probability and effects of various valve lailure modes will seek to
compile a more rigorous data base and will apply such inforzation to plant
safety analyses. This effort has been classed as a Category B zeneric task.

B Eléctrica; Failures

In order to provide an electrical, instrumentation znd control system
design to satisfy the Single Failure Criterlon, redundancy is included.

The degree of redundancy (i.e., the number of "independent® divisions h””
of equipment) depends on many design considerations. Provisions are
typically included to prevent the initiating event from affecting the
electrical, instrumentation and control systams.

If it is postulated that the failure of a portion of the safety-related

electrical, instrumentation and control systexzs is the initiator of a design

tasis event, then the zeneral interpretation of the Single Failure Criterion,
discussed in Section 3.A, is not applicable to the rezaining portions of the —
yster. In such cases supplec :ntary znalyses are relied upcn to evaluate
he reliability of the systezs in guestion.

In the case of the current lssue on the relizbility of the safety-related v
direct current power systexzs as raised by an ACRS consultant, the pestulated
initiating event is failure of one division of a two division system. How-
ever, this DC power system design does nset the general interpretation of

the Single Failure Criterion, but it is not covered by the s;ecial inter-
pretation ncted in Section 32.A for specific safety-related instrumsntation

and control systezs. Therefcore, the staff evaluation of this issue, suc=a-
rized in NUREC-0305, was based upon reliability data and not th. Single o
Failure C?TT?FT3=? It was concluded that tne likelihood of occurrence of

the pcstulzted sequence of events Is low enough to permit continued opera-

tion and licensing of plants pending further a2ssessazents. It is possibdle

that new requirements to assure greater reliability of DC pcwer systems

- may result from the ongoing study. It is a Category A generic task. U"‘—’



Recent staff work related to !ssues ralsed in dissent or rertalning to
reactor transient event classifications and consequence criteria has
disclosed some confusion on how to handle certain infrequent transients "——'
wnich do not have public consequences 2s severe as "accldonts®. The scn-
fusion stems primarily from the differcences in event classification from
vendor to vendor, among standards writing bodies and within NRC. 2 study

is undervway within the Reactor Systems Branch to develop a "unified" zvent
classiflication scheme. It Is expected to be completed in early 1978. Wwhile
this study 1s not aimed at application of the Single Failure Criterion,

it 1s expected that for scme events it will bring intec sharper definition
the circusstances under which the Criterion should or should not be applied.
For example, a moderate frequency transient such z2s a feecdwater malfunction
is routinely analyzed in Safaty %na2lysis Reports. An additional single
failure concurrent with the feedwzter zalfunction zay result in a compound
event which, because of the nultiple failures, has a lower probability and
therefore a different classification. Less stringent acceptance criteria
may th=n be appropriate. The above study will examine such additional
single fallures as they apply to acceptance criteria for transients 2nd -
accidents. This study has been classed as a Categzory B generic task.

D. Classification of Event

E. Qgerator Error

"’/nn cpzrator error could cause an active single failure, such as -- inad-""
vertant valve closure. In cmany instances ccas such single
operator errors i3 given in licensing ~cviews; however, the cegree to
WMy ELvVen operator error is considered reasonably equivalsnt to the
11kelinood of a single active failure is based on Judgzents rade concerning —
the situation. For exazple, in studying the effects of an operator error
of "cmission" (failure to perforz an acticn), if there is time to brirng a
systea on line through remedial coperztor action, reliance on such action is
permitted. On the other hand, in cases where rapid actuation of engincered
~’,Safety systems is required, the actuation is required to be automatie and
operator independent.

Increasin; attention is being ziven to huzan reliability in an effort

to adopt uore definitive criteria for the role of the operator in witi-
gating the consequences of transients or accidents. Regulatery Guid

is currantly belng developed in conjunction with staff review of the
propesed ANSI-NG "Propcsed ANS Criteria for Safety-Related
Operztor Actions." nereasing activities in human relizbility will assist
the staff in developing a nmore rigorous basis for assessing operator
involvenent in plant safety.




5. INSICHTS OF THE REACTOR SAFETY STUDY RELATIVE TO THE SINGLE FAILURE
CRITERION

The Reactor Safety Study (WASH-1400) 2ssessed a pressurized water and a
boiling water reactor desizn. The Single Failure Criterion had been applied
in the design and Regulatory review processes for these plants, generally

as outlined in the preceding sections. Although the Single Failure Criterion
is not a quantitative design and analysis tool, the numerical z2ssessments

in the Reactor Safety Study indicate that its application, through enforced
provision of component and systems redundancy, has made an important and
necessary contridbution to the overall reliability of nuclear plant safety
systems. The zssessments in the Peactor Safety Study also indicate that
supplementary methods of znalysis must be utilized to study effects on
reliability which are beycnd the scope of the Single Failure Criterion.

The princlpal Iinsights gained from this study are briefly summarized below:

(1) Application of the Single Failure Criterion has led to a suitable
level of hardware redundancy in most systems. The level of
redundancy thus provided has, for many safety systecs, resulted.
in systems reliability deing controlled by such factors as huzan
and cperational interactions (i.e., huzan errors, test and maintenance
downtimes, test intervals) rather than potential single design
failures as defined in the Single Failure Criterion.

Quantitative optimization of reliability in terzs of such non-
hardware factors would require the review of inforzation beyond
that now considered in the licensing process.

L

(2) The Single Failure Criterion must be supplemented by methods
and criteria in the area of common mode assesements if improved
reliability characteristics for safety systezs are necessary.
Although the effects of coomon mode failure are not now quanti-
tatively considered in licensing safety reviews, considerable
zttention is given to reducing the potential for the occurrence
of cozaon mode failures through stringent azpplication of high-quality
design and quality assurance requirezeants to various components.
For exanple, considerable attention is given to reducing the
potential for multiple electrical relay fzilures such 2s might
arise {rem a generic design defect in components supplied by a
single ma2nufacturer.



(3) The probability of accident sequences resulting in core pelte
down were found by the RSS to be importantly influenced by system
to system interactions and by functional dependencies between
systems. These functicnal dependencies can be considered 2as
a class of interactions where the functicning of one systea depends
v sptlafacterr Ffunctienivg of a otheér svatem, Redundance of
components within systems, wandated by trne Singie Failure Criterion,
does not ameliorate the functional dependence. Thus, application
of the Single Failure Criterion requires supplemental zethods
and use of an integrated systems approach to identify such fune=-
ticnal dependencies if it is desired to further reduce accident
risk.

6. ACTIVITIES RELATED TO CLARIFYING AND IMPROVING APPLICATION OF THE

SINGLE FATLURE CRITERION

A nuzbder of technical activities by various nuclear industry groups and

by the Offices of Standards Development and Nuclear Reactor Regulation

are uncerway, which will have an effect on system reliadbility requirements
and the use of the Single Failure Criterion. These are suacarized in

this section.

In late 1971 the American Nuclear Society initiated a standards writing "——”
V” effort with the objective of setting forth a clear, detailad set of criteria

for application of the Single Failure Criterion to fluid systems. 1In 1§75

the resulting Standard was issued as "ANSI N658 - Sin Failure Criteria

for PWR Fluid Systems."™ In November o 3 e Office of Stzndards

Developaent initiated a task to draft a Regulatory Cuide endorsing the _

Standard, with appropriate exceptions, for both P¥Rs and BWRs. The staff

review of this Standard disclosed several deficliencies which relate prizarily *

o inccnsistencies with current regulatory practice znd to arezs in whieh

staff application of the Single Failure Criterion is not yet fully defined.

For exazmple: (1) literally applied to "postulated pipe brezks outside

contalnzent,” the Standard would zzke no exception for certain dual purpose

moderate energy systezs (e.g., service water systems) as presently provided

in Standard Review Plan 3.6.1; (2) scme passive failures would de trezted

as active failures (e.g., check valves) contrary to staff practice; and,

(3) event categorizaticn is not consistent with current staff interpretation.

Nevertheless, ANSI-N658 represents a significant step toward achieving

satisfactory criteria for application of the Single Failure Criterion to

fluid systezms, and it Is expected that a Regulatory Guide could be issued

in =id-1978.




IZEE Std 379 was issued in 1972 as a Trial-Use Guide for the Epplication of
the Single Failure Criterion to Electrical, Instrumentation and Control
Systems and its application was endorsed in Regulatory Guide 1.53.

IZEE Std 379 was recently updated and relssued. The subcouzmnittee

which prepared the Standard is currently working to develop definitive
guidance on application of the Single Failure Criterion to shared systems
and to single operator errors. When this work is completed .t is expected
that Regulatory Guide 1.53 will be revised to endorse these added roquire-
ments.

Earlier this year, the Office of Nuclear Reactor Regulation initiat:d a
formal systex providing for continuing management oversight and atte~tion
to generic safety-related technical activities. A nuzber of these gzn.~ic
activities may Iinclude clarification of the conditions under which the
Single Failure Cri®arion should be applied. The Category A activities
expected to include single failure considerations are:

(1) Anticipated Transients Without Scram;

(2) Non-Safety Loads on Class IE Power Supplies;

(3) Adequacy of Safety-Related d.c. Power Supplies;

(4) Reactor Vessel Pressure Transient Protection;

(5) Steam Line Breaks; %

(6) RHR Shutdown Regquirexents;

(7) Systems Interaction; zg@

" (8) Generic Accident Risk Study
(9) Snubbers

The Category B activities expected to include single failure
considerations are:

(1) Event Categorization;
(2) ECCS Reliability;
(3) Locking Qut of ECCS Pcwer Cperated Valves;

(4) Protection Against Postulated Piping Failures
in Fluid Systexzs Outside Containment;

(5) Criteria for Safety-Felated Operator Actions;
(6) Passive Mechanical Failures; and

(7) Allcwable ECCS Equipment Outage Periods



In some cases these activities are being conducted to evaluate adequacy
of previous staff pecsitions, while in others some new provisions may
result. The single failure aspects of these activities will be utilized
as appropriate in connection with improving application of the Single
Failure Criterion.

The NRR staff is developing a plan for incorporating risk assezsment
methodology into the licensing process. 3Zecause of manpower limitations,
and the need to train an initial cadre in risk assessment wethodclogy and

to carefully weigh impacts of its application, it is expected that appli-
cation of risk assessment methodology to the licensing process would neces-
sarily increase gracually over a period of several years. It is not expected
that risk assessment gethodology will come into large-scale systematiec

use In the near future 2s a replacement for the Single Failure Criterion

as it is now applied. It is expected, however, that reliability engineering
and probabilistic methodologies, together with an expanding data base on
component and systems failure rates, will be applied to specific studies
pertaining to reliability requirements and evaluations that gzo bevond the
Single Failure Criterion. The current study of the adequacy of DC power
supplies is an example of such an application. p

7. M c ;SION

fpplication of the Single Failure Criterion as it is presently defined

in the regulations, Standard Review Plan, and various Regulatory GCuides

and industry stancards has led to a generally acceptable level of hardsare’
redundancy in mest electrical, control and instrumentation systexs and

in fluid systems izportant to szafety. As indicated by the Reactor Safety
tudy, systems unavailabilities are controlled to a large extent by factors
such a2s operator errors, systems interacticas, and maintenance and testing
requirements, rather than by inadequate hardwar® recdundancy. Some problexs

exist in specific interpretations and applications of the Single Failure

Criterion and these are receiving staff attention. It is the considered
judguent of the staff that the Single Failure Criterion should continue

to be applied subject to resolution of specific problem areas currently

defised and uncer study, pending any long-terz wide-scale incorporation

of rellability and risk assessment methodology into the licensing process.



CENCRAL ADVISORY CCLLlTTIZZ Appendix C
to the
U. S. Atomic Enerzy Commicsion
P. O. Pox 3528
Vashinzton 7, D. C.

April 3, 1961

pPr. Clean T. Sealorg, Chairman
U. S. Atomic Energy Cocmiscion
Washington 25, D, C.

Dear Clenn:

The 73rd mecting of the Genecral Advisory Committee was
held in ‘ashingston, D. C, oa larch 22, 23, and 24, 1961,
With che exception of Dr. l'orman Ramsey who attended only
the morning session on larch 24, all other members were
present during all sessions, Taese were Philip H. Abelson,
Manson Denedict, W. F. Libby, Eger V, hurphree, J. C, larner,
Eugene P, Uigner, John H, \’“11liams, and X, S, Pitzer, as
Chairran, Also present weve Rovert A, Charpie, Secretary,
and Anthony 4, Tomei, Assistant Secretary.

The following recczm: datiows and actions of the
Coomittee are herewith presentud:

(1) Safety Policy ind Organization

The GAC devote most of its time during this meeting
to briefings and discussions on the AEC's safety policies
ard practices, We wish to record our appreciation of the
efforts of the AZC stafi in preparing and presenting these
briefings. : '

The Committece devoted particulsr attention to the
Commission's new organizaticn schere ior licensing and
regulatory activities, The Cezluittee also met with the
Chairman of the ACRS i~ order to understand the reclationship
of the ACRS to the Comrission's staff activities associated
with safety. On the tisis of these discussions we believe
that the AEC's regulatory activities are presently organized
to attacl all of the tijor areas which require such regulation,
The most serious limitation erises from a shortage of well
trained and able inspectors of technical operations. This
personnel shortage will limit the effectivencss of inspection
of the 2AEC's own operations in the neav future,
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The CAC will continue ite review of the safety
question in the future, At the present time we offer the
folloving comments and recommendations:

(a) Ve recommend that AEC policy require anm
absolutely clear assignment of respensibility for the safety
of cach reactor, whecher ALC owned or non-AEC owned, In
this connection we recoumend the establishment of the
profession of Reactor Captain, The Reactor Captain should
be in absolute charge of a facility, in the same sense as
a' ship's captain, We belicve that the qualifications for
a8 Reactor Captain should be established by the AZC., He
should pass the Reactor Cperators' crxanination, however,
he must knew much more than an Operator, Captains must
demonstrate the thorough understanding of reactors which
absolute responsibility entails, Finally, we do not believe
the AEC must insist on having a Reactor Captain constantly
on duty in every rcactor since there are certain very loue
povered reactors vhich are inherentiy much less hazardous
tl.an other types,

(b) Ve are concerned by lr. Johnson's report on
inbalation hazards in our Yestern uranium wines, ‘le reccznize
that the AEC does not control the mines nor deal directly
with the mine operators, Unfortunately the AEC carnot
disavou its responsibilities no matter how indirect the
adminiscrative relation may be, We recommend that the AEC
continue to work with the mine operators and the regulatory
groups in the States to reduce the air contamination levels
in the uranium mines to more satisfactory levels,

(¢) We believe it would be desirable for the ALC
to be better infermed of reacter safety policies in other
countries, It has always seemed logical to us that the IATA
is a natural organization for promoting the exchange of such
information, 1t would secem to us to be appropriate for the
U, S, to take the leadership in suggesting this role for IAZA.
An important collateral benefit to the U,S, frem such an
activity vould be to increase the possible psychological
impact to be derived from the N, S, Savannah by making wmore
ports available to it,

(d) VWhile the scientific uvnderstanding of the SLe=1"
incident is still incomplete, the facts are sufficicently
clear to provide a basis for decision concecning managegent
inadequacigs. The GAC trusts that the Cormiccion action in
this arca will be prowpt -and decisive, The CAC will be
interested to learn about these actions in the ncar future,
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Respectfully submitted,
! /s/ Yen

K. S. Pitzer
Chairman
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FOREWORD AND ACKNOWLEDGEMENTS

The American Physical Society has engaged over the past few years
in activities beyond those traditional for the Society. In 1973 the
Society explored mechanisms by which it could contribute to the allevia-
tion of the energy crisis. In addition to other activities, it was
decided to sponsor a study of reactor safety, an important subject with
substantial scientific and technological content. This is the report
of that year-long study by a dozen part-time participants with various
levels of prior experience in the reactor field. The group met in Los
Alamos during the month of August, 1974, and also had approximately a
dozen two-day meetings, many phone calls, and much correspondence.

The group is grateful to all the genuine experts who gave liberally
of their time in educating us about this intricate subject. In turn,
we hope that our report will help inform the scientific and technical
community about some of the technical issues of reactor safety.

We particularly acknowledge the contributions of §. Johnson, G.
Brockett, and P. Davis, who served as consultants and who Fovided con-
tinuing support to our.Study. Their patient exposition of the fine
points of reactor design, operation and regulation was invaluable. We
also particularly acknowledge the contributions of D. H. Coward, who
helped organize the group, and of H. A. Bethe, W. K. H. Pancfsky, and
V. F. Weisskopf, who served a: +h: A5 Council Revie.. vunei | L LEe,

The cooperation of the reactor community and of experts in related

fields such as biological effects of radiation was outstanding, and we

acknowledge the help of the many representatives of the vendors, reactor
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designers, safety analysts, and others who provided us with information.

In particular, members of the staffs of the AEC* Division of Reactor

Safety Research and of the AEC Directorate of Licensing gave willingly

of their time and resources; the individuals involved are too numerous

to mention by name. Also, the group is grateful for briefings and coopera-
tion from all four American vendors of light-water reactors: Babcock &
Wilcox, Combustion Engineering, General Electric, and Westinghouse. It

is fair to say that we do not feel that we have been excluded from any
information necessary to our task.**

We were fortunate that early in our study, we were given copies in
preliminary draft of the AEC-sponsored study of reactor safety (chaired by
Professor Norman Rasmussen of M.I.T., and known as WASH-1400). WASH-1400
is a detailed event-tree and fault-tree analysis of light-water reactor
accident sequences. Its purpose was to make a quantitative estimate of
the likelihood of accident consequences of a given severity. We did not

undertake a review of that study as such, although it will be mentioned

frequently in our report.

*Since this work was begun the Atomic Energy Commission has been split

in two parts: the Energy Research and Development Administration (ERDA)
and the Nuclear Regulatory Commission (NRC), and the exact distribution
of the reponsibility that formerly resided in the AEC between ERDA and
NRC is still not clear. For this reason we have referred throughout the
report to the AEC with the understanding that the reader will interpret
all forward-looking references to the AEC as really directed to the
relevant components of ERDA or NRC.

**There is one exception. Early in our study we became interested in the
safety record (in particular primary system integrity) of naval reactors,
which, though smaller, have accum.late” ..., . reactor years of service than
have the civilian reactors of comparable design. We made a major effort
to obtain sufficient information, with due regard for questions of classifi-
cation and national security, to help us in our study. We rere refused
any access by Admiral H.G. Rickover.
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The gracious hospitality of the Los Alamos Scientific Laboratory
and the administrative assistance of the staff of tiue American Physical
Society are also acknowledged. This Study was supported by the National
Science Foundation and the U.S. Atomic Energy Commicsion.

The study participants have all agreed on both the broad conclusions
and the more detailed individual recommendations contained in the body of
the report. We believe this is significant in view of the diverse back-

grounds of the group. Our individual technical expertise ranges widely,

covering theoretical and experimental physics, chemistry, and engineering.

While a few of the group had some background in reactor safety, the
majority of the group had not previously considered these issues. Some
of the group had participated in previous technical assessmen*s of broad
national issues; for several others, this study was a first experience.
We are pleased with the degree of consensus that we have achieved: albeit
regretful that more time was not available for further investigation of

some of the important issues involved.
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I. SUMMARY OF CONCLUSIONS AND MAJOR RECOMMENDATIONS

A certral issue in the operation of lignt-water reactors is the
prevention of a major release and widespread dispersal of radioactivity,
which could have serious consequences to the public. The safety record
of light-water reactcrs to date has been excellent, in that there has
been no major release of radivactivity. These reactors have been de-
signed with numerous safety features, engineered to prevent foreseeable
accidents. These safety features are backed up by other safety features
intended to prevent major release of radioactivity in the event of an
accident. Moreover, very conscientious efforts have been made in
developing the procedures and practices involved in licensing, quality
assurance, operation, and inspection of these reactors to insure sound
construction and operation wi...n specified safety limits.

In the course of this study, we have not uncovered reasons for sub-
stantial short-range concern regarding risk of accidents in light-water
reactors. While at present a complete yuantitative assessment of
all important aspects of reactor safety and behavior under unusual cir-
cumstances rannot bg made, we are confident that a much better quantita-
tive evaluation and consequent improvements of the safety situation can be
achieved over the next decade if certain aspects of the safety research
pragram are substantially improved and the results of the research are
implemented. Because of the serious potential consequences of a major re-
lease of radioactivity and i. view of existing safety-related technolog-
ical opportunities, we believe that there should be a continuing major
effort to improve 1ight water reactor safety as well as to understand

and mitigate the consequences of possible accidents. Our re:ommendations
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are directed towards these objectives.

A. Safety through Careful Design, Construction, and Operation

The safety philosophy of the nuclear industry has emphasized design
which can provide tolerance against malfunctions. This approach has laid
a good foundation for reactor safety, and it has resulted in reactors de-
signed, constructed, and operated for safety, not only under normal oper-
ating conditions but also in a wide range of abnormal circumstances. A
great deal of research, development, and quality control has gone into
guaranteeing the integrity of the fuel elements and cladding, the integ-
rity of the enclosing primary system, the general structural soundness
of the entire reactor, and the ability to control the reactor under
both normal and abnormal conditions.

Although we have not been able to analyze all of the many possible
failure sequences for light-water reactors, one which we have studied in
detail is the possible failure of the integrity of the primary reactor
pressure vessel. We find that reactor vessels are constructed of mater-
ials chosen with care and are designed with substantial safety factors.
The reactor vessel is subject to careful scrutiny and testing. Based

on our study, we believe thatiéatastrophic rupture of the primary pres-
sure vessel is not likely to be an important contributor to accident init-
iation; however, this is dependent upon maintaining a strong quality
assurance program.

Primary system piping is also subject to careful scrutiny and
testing. The well-known cases of cracks in pipes and failures of valves

in reactor operation, on the one hand, reflect deficiencies in fabrication
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or design; but. on the other hand, they are a demonstration of the success

of the overall safety system and procedures which identified their existence
early enough to prevent more serious consequences. Continued open discussion i
aﬁd analysis of such failures can lead to improvements in safety and can pro- \
vide the data base for a more accurate estimate of the probability of

more serious incidents. These defects underline the on-going need for

the nuclear industry and the regulatory bodies to continue improvement of
inspection and test techniques. It is important that licensing and regu-
lation be conducted in such a way as to continue to ensure openness in the quality
assurance prcgram and to provide better-quantified evaluation of the success

of the program. We also note that human error on the part of reactor

operators seems to initiate or aggravate at least a few incidents each

year of potential safety significan.c. In fact, unless diligence is l
maintained, quality assurance and human error may well represent a \

limiting factor in maintaining safe operation.

It is difficult to quantify accurately the probability that any
accident-initiating event might occur. Many aspects need to be better
understood through experience and research before such calculations are
tractable. Although the probabilities of major accidents seem small,
their quantification deserves more attention within the reactor safety
community than it has received up to now. W2 did not have the resources
to carry out an independent evaluztion of this aspect of the recent
AEC Reactor Safety Study (draft WASH-1400), but we recognize that the
event-tree and fault-tree approach can have merit in highlighting relative
strengths and weaknesses of reactor systems, particularly through com-

parison of different sequences of reactor behavior. However, based on our

experience with problems of this nature involving very low probabilities,
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we do not now have confidence in the presently calculated agiglyte values
of the probabilities of the various branches.

We have reservations about the present almost exclusive emphasis
in the licensing process on the 'design basis accident' concept in which
certain highly stylized accidents are used as yardsticks against which
the performance of various systems is evaluated. While we agree that
analysis of such accidents is an important check upon the general safety
of reactor designs, we are concerned that other types of possible accidents

may consequently receive insufficient attention in design, construction,

licensing, and operation.

B. Primary Engineered Safety Features

In our study, we centered much attention on the "engineered safety
features". Because these features are not used in normal operation but
are specifically intended to prevent an abnormal incident from becoming
an accident, there is only limited operatina experience with them. In
addition, because of the complexity of the phenomena involved, these
features are very difficult to simulate on a computer or to test in sim-
ulated accident condiéions. Therefore, there is a lack of well-quantified
understanding of the performance of some of these special systems under
some severe accident conditions.

One of the most important of the engineered safety features is the
fast-acting SCRAM system for shutting down the chain reaction in the
event of an emergency. Certain transients which are anticipated to occur
from time to time (pressure, temperature, reactivity) might play an im-

portant role in accident initiation. It is very important to shut down
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the chain reaction during a large transient. While the SCRAM designs,
as now prescribed, seem to us to be highly reliable, not enough ic known
about the effects of transients in the extremely unlikely event that the
reactor does not SCRAM. We believe that insufficient attention has been
given to the analysis of transients, although it is encouraging that these
areas are now being given intensive study. In addition, we are concerned
about transient behavior which might occur simultaneously with a massive
electrical failure. While there are redundant off-site power sources,
the emergency on-site (diesel) rower sources are a recognized weak point.
The emergency core cooling system (ECCS) is the engineered safety
feature that has received the most publicity, attention, and research.
The ECCS is intended to provide emergency cooling to prevent the reactor
fuel from melting or losing structural integrity in the event there is

a loss of primary sy-tem fluid.

We have no reason to doubt that the ECCS will function as
designed under most circumstances requiring its use. However, no ‘

comprehensive, thoroughly quantitative basis now exists for evaluating

ECCS performance, because of inadequacies in the present data base

and calculational codes. In addition, it is not clear that the

present approximate calculationc, even though based on generally
conservative detailed assumptions, will in all cases yield con-
servative assessments of ECCS performance.
We have examined the AEC reactor safety reseafch program intended
to resolve these uncertainties. Expanded experimental tests and advanced

calculational code development are now under way, with the goal of



experiment so that the technical community can reach consensus on ECCS
effectiveness. That consensy can only be reached through several years of
effort, using improved research techniques, and with more open publication
anc review of the results. We doubt that a complete Quantitative evalua-
tion of ECCS effectiveness can be achieved through the present program,

We recommend below several possiuie approaches for improvement.

Accident Containment and Consequences

es designed as a
stop in case of significant failure of the preceding safety features. The
greater part of this last safety umbrella is the containment machinery
and building

containments, which have worked wel]

active emissions, have not yet been subjected to test by a

Or accidental release. More research toward 1ncreasing the effectiveness of

containment devices would be prudent

» 1t is im-
portant to calculate the types and extent of censequences of releases
under various circumstances.

very difficult.

category of potential consequences: acute deaths, latent cancers, and

Property damage/denial. We have made no independent Studies of acute

arge-scale controlled
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effects, the estimates of which are particularly dependent upon de-

tails of local siting, weather, and population, and upon important uncer-

tainties in acute biological effects of radiation. However, for the same

releases and the same basic references for the biclogical effects as taken

in Draft WASH-1400, we estimate substantially larger 1ong:}erm consequences,

particularly concerning land dqzlgg/dgqiql_pnd possible latent cancers
from exposures to individ;;;; who Tive in areas which are contaminated
below the evacuation thresholds used in Draft NASH-1400.* The social sig-
nificance of the long-term consequences depends in part upon the probabil-
ity of the assumed release, regarding which we have made no independent
assessment. However, the uncertainties in estimates of consequences need
to be resolved because they have important implications in reactor design,
siting policy, and protection against potential sabotage. In analyzing
the societal risk-benefit balance of commercial nuclear reactors, one
must be able to estimate with reasonable confidence both the probability and
consequences of system fail.. ~; research must continue on both.
Considerinyg the great social importance of reactor safety and the
large present and future capital investment in light-wate" reactors,
the current funding of safety research is relatively small. We believe

that the many technological opportunities for the enhancement of reactor

safety warrant the investment of additional funds in safety research. :

*
We understand that substantial revisions are being consfdgred'before
publication of the final WASH-1400 report (private communication, NRC,
17 March 1975).
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Many recommendations are made in the body of this Report. A few of

D. Major Recommendations

the major ones are summarized here, but in each case the reader is referred
to the main text for detailed discussions of the background and rationale. |
Our major recommendations, which have not been ranked according to their
importance, include the following:

1) Human engineering of reactor controls, which might significantly ?
reduce the chance of operator errors should be improved. We also
encourage the automation of more control functions and increased

operator training with simulators, especially in accident-simulation

mode.

2) Measures shouid be taken to quantify the effectiveness of the
present quality assurance program, using both the analysis of
experience already reported and new measurements on the quality

assurance system.

3) The techniques used in Draft WASH-1400 for the calculation of

accident sequences and their probabilities should be:

® employed to estimate quantitatively whether assumed subsystem
failure data are compatible with the observed individual small
scoidents;

® used to provide parametric studies of the effects of phenomena
which are il1l-understood in the identified sequences;

e refined so that they can be used for continuing risk assessment

on 2 routine basis with a growing data base of failure data.
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4) The Draft WASH-1400 analysis of accident consequences should

be redone taking into account the modifications discussed in our report, in
order to obtain corrected consequence estimates. The results =ill nhelp to
determine the magnitude of the benefits which might be obtained from the

introductions of design changes and means of consequence mitigation.

5) The problem of sabotage and its effect on increasing the risk
of radioactivity release should be studied carefully. We have no

way of estimating the present likelihood of sabotage; however, we

believe that reactor security can be improved and have specific recom-
mendations for studies that go beyond those already underway.
6) The ECCS safety margin should be quantified, and if necessary,
improved through one or morz of the following approaches:
e the substitution of more easily analyzable or more effective
ECCS concepts;
e @ much stronger theoretical and calculational development
effort conbineg with a much improved experimental program, the
results of which must be published openly for evaluation by the
technical community;
e a series of large-scale experiments along with some stande aiza-
tion of reactors. Detailed planning and analysis for this approach
should begin immediately in case it should be decided in the future

that it is needed.

There should be increased emphasis on realistic calculations and ex-

periments as opposed to those which merely attempt to set upper limits

on the behavior of a reactor in an accident. In view of the number
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of reactors now operating and being planned, we believe it is important

that the reactor safety research program quickly take major
oring about a convincing resolution of the uncertainties in
performance.

In the area of safety research, more emphasis should be placed on
seeking improvements in containment methods and technology. In particu.er,
controlled venting ¢€ the containment building in case of overpressure
should be studied. A careful assessment should also be made of the bene-
fits and costs of alternative siting policies, such as remote, underground,
and nuclear-park siting.

8) There should be more effort to resolve major uncertainties in esti-
mating consequences, including improvement of the biological-effects data
base. Techniyues for mitigation of consequences should be developed,
especially in connection with the problems of decontamination after a
large acciaent.

9) While we strongly endorse the substantial improvements that have been

made 1n the safety research programs and in the openness to scrutiny by

the technical public *n the last two years, additional measures should
be taken to continue to improve the research program and techniques

and to assure that the results of both experimental and computer ccde

| development work related to safety are openly published.
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MEMORANDUM FOR Ben C. Rusche, Director
Office of Nuclear Reactor Regulation

FROM Evangelos Marinos, Reactor Engineer
" Electrical, Instrumentation & Control Systems Branch

SUBJECT RESOLUTION OF TECHNICAL ISSUES

In response to your memorandum to the NRR staff dated November 3, 1976,
and your memorandum to me dated November 12, 1976, I have wa ‘e an attenpt
to provide a timely response to your requests. The attachment herewith
includes my knowledge on issues 4, 5, 9, 10, and 12 included in your
meinorandum of November 3, 1976 and other concerns expiessed by me in

the past, some of which are briefly addressed in a memorandum to T. J.
wcTiernan from Roger Fortuna and William Foster, dated November 8, 19/6.

Admittedly my discussion of the issues included herewith may not be totally
comprehensible, however, it is the best effort I could make under the time
constraints imposed upon me for responding to your request. I will be
happy to discuss these issues at any length with members of the staff and

the ACRS.

I further should like to point out that in view of time constraints I
have limited my responses to issues that I am most familiar with. 1
share, however, the concerns expressed by my colleagues and could provide
constructive comnents on those concerns if Lime parmitted.

Evangelos Marinos, Reactor Engineer

~ Control Systems Branch

Enclosure:
As stated

cc: R. E. Heineman 3
T. J. McTiernan
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ATTACHMENT 1

Attachment to November 19, 1976 Memorandum
From €. C. Marinos to Ben C. Rusche, Director, ONRR

A. The following are my responses to issues 4, 5, 9, 10 and 12 included in
memorandum to NRR staff, dated November 3, 1976:

1.

Issué No. 4 - Loss of Offsite Power Subsequent to Manual Safety
Injection Reset Following a LOCA

This issue 1 believe is stated incorrectly because of the following:

a) The reset feature of the Safety Injection System (SIS) signal is
not unique to Westinghouse ECCS designs, other designs possess the

came feature.

b) The operator does not only have the capability to reset, he is
required by emergency procedures to perform this reset function
imnediately after the prescribel equipment time delay, which is
set between (0-3) minutes for Westinghouse plants.

¢) The staff has not consciously accepted this feature with this
inherent design deficiency (of loss of all motive power after
reset, or before reset), it merely was never recognized in the
past. A review reminder jcsued to the EI&CSB, dated April 4, 1974
informed the members of the brarch that they should pursue the
consequences resulting from the loss(interruption‘of power to ESF
any time during the accident sequence. .

d) The thermo-hydraulic effects on the core cooling have not been
considered when flow to the core has been interrupted (for an
interval of time) at any time during the accident sequence.

e) The staff has not carefully reviewed, in all cases, the proper
loading of the diesel generators after (SIS) reset for operating
plants and many plants under review in the CP and OL stage, because
staff members were not permitted to question applicants on this

jssue.

In conclusion, I believe that since the staff has not carefully considered
the consequences of loss of core cooling in the injection phase during -
accident conditions, additional ECCS evaluations should be conduct=d

to assess its effects on the core. Furthermore, the staff should not

rely on manual reinitiation of safety injection at any time during the
injection phase, since it is not possible to accurately determine the
operator response in a given time interval, unless this interval is
greater than ten minutes after loss of offsite power has occurred.



In my discussion with members of Reactor Systems Branch (Zoltan
Rosztoczy) 1 was informed that ECCS evaluations had been completed
by the staff and that interruption of flow to the core had not
been considered during any part of the accident sequence.

Issue No. § - Analysis of Postulated Reactor Coolant Pump Rotor
Seizure Incident

The staff has required that the pump seizure event be re-analyzed assuming

loss of offsite power and coastdown of the undamaged pumps. A meeting

was hald with Westinghouse on the subject, on May 18, 1976 and Reactor

Systems Branch was expected to evaluate Westinghouse's submittal. To, -
my knowledge other nuclear steam suppliers have not been asked to conduct

similar re-analyses. -

In conclusion, I believe that the staff should evaluate the pump seizure
event with coastdown of the undamaged pumps. Furthermore, if applicants
and licensees elect to retain the fast transfer feature (of reactor
coolant pumps) from the unit auxiliary transformer to the startup trans-
former, for this and other ecvents that result in Main Turbine trip,

the staff should include in their safety review the evaluation of this
transfer feature. In addition the staff should evaluate the provisions
made in the designs to assure that reactor coolant pump motor damage
will ot occur (causing rapid loss of reactor coolant flow) from over-
voltage impressed on the motor due to improper phase—re]ationship between
the transferred power source and the residual motor emf.

Issue No. 9 - Frequency Decay

Westinghouse in an attempt to resolve this issue generically submitted

a Topical Report "P-8424) on the subject, and 1 was assigned the task

to evaluate the . .ttal. My evaluation revealed that plant initial
conditions assumec¢ n the topical were not complete. Therefore, o
Westinghouse was requested (by letter dated October 6, 1975) to amend

its report to include in jts calculations conditions jdentified and used
by the staff in the staff's independent evaluation, which revealed

frequency decay rates considerably in excess of those claimed in the ’ |
topical report. Subsequent to that Westinghouse has confirmed the staff's
evaluation and elected to withdraw its position in the topical, and

refer the issue for resolution by applicants on a case by case basis.

Incidentally our evaluation has further revealed that plants operating

at low power levels will experience greater frequency decay rates as

opposed to plants that operate at peak power levels. Therefore, it

may not be desirable to impose peak power restrictions as your memorandum .
to the staff i.Jicates for a possible requirement. :
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1 reported to my supervisor the following results:

a) The accident analysis does not provide a basis for selection of
underfrequency reactor trip set points and time delays, associated
with this protection. Therefore, we cannot conclude that this pre-
tection is adequate.

b) The reactor trip is not directly derived from the variable monitored.
Opening of rcactor coolant pump breakers generate reactor trip vhich
is in violation of protection criterion (1EEE-279).

¢) Possible frequency decay rates have not been evaluated. Therefore,
7Hz/ sec decay rates could not be accepted as conservative rates for
this plant design, as the original writing of the NRC response
claimed as acceptable rate. However, this original writing (see
attachment 11) was not incorporated in the final response to the
Joint Conmittee on Atomic Energy.

The final response of the NRC testimony has not included any of the points
discussed in items a, b, and c above. Additional discussion on this
jesue is included in item A3 of this attachment.

Grid Stability for Indian Point Uni ts 2 and 3

I believe this issue has been adequately addressed in the memorandum

from Roger Fortuna and William Foster to T. J. McTiernan dated November 8,
1976, therefore I have no additional clarifying comnents to make on this
subject. However, additional discussion is included in item A4 of this

attachment.
Electrical Penetration of Reactor Containment

when [ was assigned to prepare a response to the allegations made by the
ex-General Electric employees (that the containment penetrations do not
receive adequate attention by the NRC staff) I expressed my general
agreement with this allegation and I asked my supervisor to include in
the final response to that allegation the comnents prepared by me on the
1FEE Std-317 and the Regulatory Guide 1.63, included in a memorandum
from R. L. Tedesco to Guy A. Arlotto dated February 4, 1976. Of the
four comments included in that memorandum however, only the least signi-
ficant was included in the final writing that was sybmitted to the
Joint Comnittee on Atomic Energy. The staff further concluded that
penetrations do receive adequate attention by the staff.



The staff's acceptance of electrical penetrations is limited to appli-
cant's identification of criteria used in qualifying these penetrations.
Specific design and qualification parameters are not identified neither
requested by the staff.

In concluson, I believe that the staff should utilize the qualification
criteria set forth by the IEEE Std-317, 1975 including the comments

made by the staff to evaluate the adequacy of the electrical penetrations
for current applications and operating plants. For the case of operating
plants, prototype testing of penetrations used would provide adequate
information to assess acceptability of presently installed units.
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MEMO'ANDUM FOR: Lee V. Gossick
Executive Director for Operations

FRIM: St:phen K. Hanauer, TA EDO
SUBJECT: FEEDBACK OF INFORMATION INTO THE REACTOR REGULATION
PROCESS

Enclosed you will find a copy of a thinking paper on the captioned
subject. The basic conclusion I have come o is that the feedback
of operating and research information into the reactor licensing
process can and should be ‘mproved. More detailed recommendations
are given in Section 8 of the enclosed paper.

A draft paper was circulated. NRR does not agree with the thrust
of this paper, believing that “"problems are identified and promptly
reported.” Mr. Case's memo is enclosed. [ have taken some of his
comments into account, but the disagreement remains.

IE agrees with the thrust of this paper, but recommends a separate,
independent Office of Operations Evaluation., Mr. Jordan's memo is

enclosed.
| \

Stephen H, Hanauer
Technical Advisor to

Executive Director for Operations

Enclosures:

1. Paper on "Feedback of Information
Into the Reactor Regulation Process®

2. E. Case memo dtd 4/3/78

3. E. Jordan memo dtd 3/24/78

cc: w/encls.
Dircks

. Case

. Levine
Minogue
Volgenau
Smith
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FEEDBACK OF INFORMATION
INTO THE REACTOR REGULATION PROCESS

Stephen K. Hanauer
March 31, 1978

1. Introduction

This paper deals with the use of information from operation
and research to feed back into the licensing, standards, and
inspection of current and future facilities.  The present paper
deals with power reactor safety only; the potential for extension
to cther NRC regulatory programs needs further study.

2. Sources of Information

In this paper, "information" is used in a braod sense to include
the technical content of operating experience, research and develop-
ment results, inspection experience, experience in the licensing

process and in applying codes, standards, and guides, and other
sources.

The applicant has the primary responsibility to supply the
information needed to justify the safety of his proposed operation;
that information is not the subject of this paper. The NRC has to
review the applicants' proposals, using the applicants’' and all other
available relevant information in making licensing decisions. In
addition, the NRC must maintain surveillance over licensees throughout
the construction, useful life, and decommissioning of the licensed
activity, and codify its practice in regulations, standards, and
guides - all these activities to be carried out in the light of all
available relevant information.

Both research activities and the ongoing licensee construction

and operation programs are sources of information potentially important
to NRC regulatory programs.

3. Functions Related to Infcrmation Feedback

The functions involved in the feedback of this informatior into
the NRC programs are described in the following paragraphs.

(1) Collection and organization of the information; indexing and

classifying its content; storing it in a retrievable and analyzable
form.

(2) Dissemination of unanalyzed data periodically and on demand,
cut and organized in various potentially useful forms.

(3) Evaluation of significance; in particular, identification of
items needing non-routine attention or action. To the extent practical,
criteria are used for such screening (e.g., criteria for Abnormal



Occurrences), but judgment must be applied. The Reactor Safety Study
is beginning to be used to evaluate the significance of some items
in terms of risk.

(4) Cevelopment of technical and s‘atistical inferences, such as

Trends
Qutliers
Problem areas
Little things that add up
Poor performance in some particular
area or by some particular organization.

(5) Application to licensing decisions (including backfitting),
standards, and inspections.

The emphasis in the feedback function is on judgment, based on
the incoming information. Ideally, the process requires sufficiency
and vaiidity of the information, technical and statistical competence
in inference, evaluation and judgment in application; practically,
these requirements are fulfilled to some degree short of perfection.
The objective is to draw valid conclusions leading to action where
appropriate.

4. Relationship to Probabilistic Analysis

Information feedback would be needed even if probabilistic
analysis (PA) didn't exist. The Reactor Safety Study and other
developed tools for PA allow a precision of analysis that is useful
where correctly applied.

The evaluative functicn should be especially sensitive to the
potential occurrence of sequences and failure modes likely to be
missed or misinterpreted, and those that are difficult to include in
PA, such as human error, system interactions, common mode railures,
design and manufacturing errors, consequential failures.

5. Present Picture - Operating Information

The present setup is partly described in SECY-77-229 dated May 4,
1977. This presents the IE program to screen and evaluate information,
and pass it on to NRR, and the NRR program to apply it. Salient
features are:

(1) The IE Region sieves the incoming informaticn for action
jtems, with the head inspector for each plant responsibie for
information coming from it. IE-HQ sieves it again for significance



(audit) and generic items. The audit function is in the A/D for
Technicai Programs, Division of Reactor Operaticns Inspection. The
applization of new information into inspection modules is the
responsibility o€ the A/D for Field Coordination in the same division,

(2) Routine and nonroutine information are handled cn different
time scales, including telephone calls, Preliminary Notifications,
Regional Daily Reports, and memoranda as appropriate. 1IE gets out
bulletins and circulars as needed, but this is sometimes delayad
by the need for NRR review.

(3) The NRR project managers are initially responsible for
incoming information on their plants,

(4) Technical responsibility for information feedback on generic
matters is diffused in NRR in the technical branches and technical
activities project leaders. There is a framework for Operating
Experience Memos, etc., but no centralized group to make sure all
significant items get attention. An exception is tracking (in the
Pink Book) of the most important items: Transfers of ead respon-
sibility (from IE to NRR) and interoffice action items. MIPC (soon,
MPA) has computerized files of LERs and NPRDS.

(8) Some failure data are inherent in the LERs, and other data
are bzing accumulated in NPRDS. The latter is in need of improve-
ment; see the January 16, 1978 report of the NPROS Working Group.

(6) The role of MIPC in evaluation of operating information
is not altogether clear. IE information goes directly to NRR, with
MIPC filing LERs and having the lead on AQRs. MIPC also hardles the
NPRDS interface. MIPC disseminates undigested LER and NPRDS infor-
metion, and also does data file searches, sorts, and some analysis.

(7) The Probabilistic Analysis Staff of RES uses and analyzes
operating data, carries out programs cf methodological development
for data analysis, and helps other offices with special problems.

(8) NRR/DOR issues Operating Experience Memos to other NRR
divisions, to forward formal DOR findings on significant safety
issues for use in CP and OL reviews.

6. Present Picture - Reseaich Information

The system of Research Information Letters (RILs) described
in NJREG-0373 and -0435 is working well in RES, but the most recent



"RIL Book" shows many office responses to be trivial or missing. In
some instances, NRR or SD have taken appropriate acticn, but the RIL
book doesn't reflect it. A better system of evaluatir, the true sig-
nificance to NRC programs of a completed segment of ra2search (that's
what a RIL embodies) is needed.

Since a large fraction of the research program is purely con-
firmatory, the results can be said just to confirm what we knew all
along and to have "no impact" on NRC programs. The writer suggests
that this view is inccmplete. Presumably, the research was undertaken
in response to an agency need; the results are therefore "gignificant”
in fulfilling whatever tne need was perceived to be. Confirmation of
the correctness of a ragulatory program or requirement, Or assessment
of the margin of safety, is in this context more than "no impact.”

1€, contrary tJ the author's perception, a majority of RILs should
turn out to have little or no true impact on NRC programs, then those
RES programs need reconsideration.

A large number of technical reports come from research programs in
addition to RILs. These include quick look reports, periodic progress
reports, and topical reports. At present, there is no organized scheme
to sieve these for items requiring nonroutine action.

The members of the Research Review Groups appointed by NRR, IE, and
SD could be made responsibie for this function, but this has not so far
been done. To know whether this would be 2 good idea would require recon-
sicering the Review Group structure and assignments with this function in
mind. Some revised guidelines for NRR participation in Review Groups go

part way in this direction; they are given in an E. G. Case memo dated
March 14, 1978.

The Research Analysis Branch in NRR could serve as a centralized
organization to make sure all reports are sieved, but does not now do soO.

7. Conclusions

(1) Operating information flow seems not bad.

(2) Little statistical and technical study is given the great mass of
operating information. MIPC has a small program. [ think more is needed;
in particular, a more systematic approach and more nearly adequate resources.

(3) Plant-specific operating information is sieved by designated
cognizant individuals in IE and NRR.

(4) Recognition and action on genc ¢ items of operating information
is assigned to a small audit group in IE. In NRR, the assignment is diffused
except for Pink Book or Generic Task items.
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(5) Research information generation and dissemination are good.

(6) rffice response to research information is varied for RILs
and not .ssigned for non-RIL reports.

8. PRecommendations

(1) Give one or more specific organizations in NRR, and other user
offices, the responsibility for assuring that incoming non-plant-specific
operating information and all research information are sieved for items
requiring nonroutine action, so as to focus the responsibility now diffusad
by "making everybody responsible."

(2) Resource allocations should be made for feedback functions that
are necessary; this is not now done throughout the agency.

(3) Put a time limit on how long NRR can delay an IE circular or
bulletin.

(4) Expand the technical and statistical study of operating information.
This could be assigned to MIPC or DOR or a separate O0E. [ do not believe
that putting it in DOR is "setting the fox to guard the henhouse." This
is not, in my opinion, an audit or Q& function on NRR or DOR, but information
analysis for feedback. I am not recommending an "information czar.” I note
that IE, in comments on a draft of this paper, recommends "a separate,
independent OOE to assure evaluation and feedback to all NRC organizations,"®
and that others have recommended some degree of independence. A previous
00E in IE was discontinued not long ago.
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MEMORANDUM FOR: Stephen H. Hanauer
Technical Advisor to
Executive Directer for Operations

FROM: Edsox G. Case, Acting Director
Office of Nuclear Reactor Regulation

SUBJECT: THINKING PAPER ON INFORMATION FEEDBACK

I have had the Division Directors review your proposed paper. In
general, we feel that the identification facet is adequate. Through
the LER system, research program and Part 21 reports, problems are
identified and promptl; reported, Whatever new system comes from
your proposal shouid acknowledge this fact.

The timing of staff responses to safety issues could use some im-
provement. The Technical Activities Program is an attempt to get

the staff to respond to problems and resolve them in a timely manner.
More effort should be applied to this aspect could result in some
improvements. Because of budget limitations, not all of the 500-600
research reports are sieved in NRR. Many, such as semiscale, ECCS
bypass, and Frankfort containment tests are.

Other comments are provided in the enclosure.

7 o
C’ zﬂ—\ a - ,\\-‘k_/
Edson G. Case, A€ting Dir;:;3;~"\
Office of Nuclear Reactor Regulation

Enclosure:
As stated
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1EMORANDUM FOR  D. Crutchf eld
Program S.pport Branch, ONRR

FROM Roger J. Mattson, Director
Division of Systems Safety

SUBJECT FEEDBACK OF INFORMATION INTO THE REACTOR REGULATION
PROCESS (DRAFT HANAUER MEMO)

The Hanauer memo is basad on the sremise that feedback of information

from research and from construction and operation experience of nuclear
power plants into the regulatory process is inadequate. With regard

to the first part of the feedback process, recognition of problems,

the premise is incorrect. My view is that through such programs as
licensee event reporting, Part 1, and NRC research, we have a myriad

of identification mechanisms fur safety problems. The proposal seeks

to organize this recognition phase into a more structured system. The
system we have is loose and diffuse, but it seems to work. Its efficiency
is doubtful, so some more careful attention to the overall structure

is probably a good idea. Although Hanauer states that he does not recommend
establishina an "information czar" his recommendations would tend to effect
such a resuiv. I believe that the recognition, identification and report-

the potential safety issues in their areas. Whatever new system of infor-
mation control we adopt, it should take advantage of this fact.

The second part of the premise, action in resolving problems, is a problem.
The examnles of lag, delay, contention, inaction, indeci f2n, and all of
the other bureaucratic ills are many and painful; viz = « + .tection,
ATWS, equipment qualification, overpressure., While recoynized early,
action in resolving these issues has been untimely. The Technical
Activities Program is one attempt to manage and improve our response

to new safety issues. Another is the Topical Report Program. Some
programs aimed at discovering problems, such as research, have a dispropor-
tionate share of the resources. A striking new example of this is a

$13 million research program to improve safety w' ic- has not been shown

to be necessary while the TAP schedules <lip bec .use o insufficient
resources. The programs that address solutions, the Technical Activities
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Progrzm, the Technical Assistance Program, the Topical Report Program
have too small a share of the resources. Although reseacch is being
redirected and work on the others is gathering momentum, the necessary
reallocation of resources is far from being accomplished. Rather than
institute another program to identify problems, such as suggested by
Hanauer's paper, the Programs to solve the problems we have already
idertified need to be given the highest priority.

/)
}<(3,cf\ /'

Roger J. Mattson, D rector
Division of Systems Safety

Enclosure:
As stated
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Enclosed is a draft memo to Mr. Gossick on “Feedback
6f Information Into the Reactor Regulation Process.”™ Your
comments are solicited, and should be receivad by me before
COB March 24 to be included in the final version.
. Stephen H. Hanauer
Zkfﬁnxcal Advisor to

Executive Dlrector for Operatlons
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into the Reactor Regulation
Process




& % ! UNITED STATES
:‘,' 7 A ’; NUCLEAR REGULATORY COMMISSION
; 1EE§EE?¥V $ WASHINGTON, D. C. 20555
o 5 . £
‘;’1 " /o“? MAR 24 1978
” -
Fran*

\\‘MEMORANDUM FOR: Stephen H. Hanauer, Tecinical Advisor to
Executive Director for Operations

FROM: E. L. Jordan, Executive Officer for
Operations Support, IE
SUBJECT: FEEDBACK OF INFORMATION INTQO THE REACTOR REGULATION
PROCESS . y

i

This is in response to your March 10, 1978 memo to Ernst Volgenau on the
captioned subject.

Enclosed are our comments on the draft paper. In commenting we have
provided cur thinking on the need for an improved NRC feedback system.
Also, we have briefly described IE's present feedback from inspection
activities and related programs under development.

We have no basic disagreement with the need or objectives discussed in
the paper. Our problem continues to be one of finding sufficient resources
to adequately perform information evaluation and feedback.

In our view, we concur with recommendations (4) and (5) combined with a
separate, independent OOE to assure evaluation and feedback to all NRC
organizations.

Thank you for the opportunity to comment.

/
/

;p’// ‘;P‘lr.L‘-

E. L./Jordan, Executive Officer
for bperations Support, IE

Enclosure:
As stated

cc: J. G. Davis
H. D. Thornburg
N. C. Moseley



" Feedback Of Information Into
Reactor Regulation Process

We agree with the idea that NRC should study a system for feedback
of experiencel/ to the regulatory program. We have or are currently
developing systems to feedback inspection experience to the inspection
program, enforcement program, to the licensing programs, and to standards
development. Inputs start at the inspeétor level and continue through
the headduarters level. The IE Headquarters Divisions evaluate the feed
back and tnitiate appropriate action w{th NR& counterpart organizations.
The evidence of these activities is: IE Bulletins and Circulars; memor-
anda to the offices with licensing responsibility regarding license
provisions, safety matters, and generic problems; input to standards
review; initiation of a program fqr systematic comments from the field
on Regulatory Guides, evolution of the inspection enforcement programs,
etc. 1

We are actively pursuing licensee performance evaluation and plan
to have a strong emphasis on performance evaluation in connection with
the forthcoming Resident Inspector Program. The primary emphasis
" will be on licensee performance evaluation with attention to IE
program performance and inspector objectivity. These efforts will be

based on the existing information system and other safety inputs that

I7Tor this purpose we define experience in a broad sense, including nuclear
power plant operating experience, research results, results of develop-
ment, inspection experience, licensing experience, experience in the
application of codes,guides and standards, and other information collected
that is related to nuclear safety. ‘ :
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reflect or provide insights into iicensee performance, IE berformance,
or inspector performance. Feedback from the system you describe would
be utilized in our appraisal efforts.

We believe that the NRC presently has a reasonable system for
responding to the first order aspects of incidents occurrences, and
other problems that arise. The inputs éan be made at various levels
of the NkC organization, evaluations are made, and response actions are
taken. The syétem isn't completely fo;malizéd but it works.

.The system you refer to we regard as 2 system for responding to the
second order effects of operating experience. As second order effects
we include: system and component reliability performance analysis,
verification of safety assumptions, single failure assessment and
validity assessment, accident probability assessment and analysis,
fdentification of new accidents, etc. We agree that there is a need
to study and improve NRC systems in this area.

We believe that it can and must be done; however, we believe that
it will be difficu]t to do so. Presently the information system has
some holes (r;;:abiIity data) and needs discipline (It is difficult
to retrieve desired information cut in several different ways.). We
are in the early stages of the development and use of probabilistic safety
analysis and must depend on deterministic methods which rely on technical
Judgement. Probabilistic analysis has the pofentia] for providing a
logic for safety analysis.

We believe that attention should be given to the matter of the "fox

in the hen house" in the final implementation of what we consider to be

-

a portion of the total NRC feedback and response system.
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We have a considerable interést in this matter because we believe

that can lead to enhancement for public sarety. We see our role in

second order feedback as follows:

C e c— e e

Make inputs based on field experience and considered analysis of
performance analysis data.

Verify und/or followup on matters.identified for field inspection
by fhgse responsible for analysis data.

Act on the results of feedback analysis‘and use those results in

“the inspection program.
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and release of some radicactivity to the
ann luded absolutely. The ultimate reactor safety
goal heoretically unattainable, and a certain residual
ris idable.

scme delineat icC

i goal must be tr:
the person charged witii safety.
The decisions as to what risk is acceptable -
piecemeal in criteria, standards, codes, guides -~ ky 3
past, been guided largely by experience and j.j:7int.> F?r
some aspects of reactor safety, formulation of criteria in this
ost t

is a relatively tractable task. For the rare
> s discussed previously, however, this method
criteria is difficult for two reasons. First, the
expected occurrence rate - of the events is far
permit the accumulation of experience necessary to
meaningful way. Second, the possible consequences
lated failures are so severe that the whole proced.
applicable. Accumulation of experience - even : ;
possible - is unthinkable for highly unlikely events that mi
kill or injure a very large number of people. Since the acc
ability of nuclear reactors, or anything else, depends on the
fact that the unthirkable events are very rare indeed, an alter-
native must be found for dealing with such events in the estab-
lishment of criteria.
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neogs

that fail
prevent t

ve been required to impruve the testability of Re:d
alion.

Cwitching of equipment loads boetween emergency diesel
senerators was changed from automatic to manual.

Int
. ) . with resp
Incorporation of the split bus arrangement for emergency for cash ¢
ower supply has been required for a number of plants, resulting
n the addition of another diesel generator and redesign of distribution Pos
systems, the conta
Yircuitry for a flow-biased, flux scram was requircd to be Cha
nstalled and to meet protection system standards rart ber for a num
f reictor ;‘:J."Y_;. the nunibe
The 4.
2lief sys
or several Sor
are discu
The quired to does not
o modifie r demanded 1.) provi
position. are used
nstrumentation is now required to meet seismic design 4.1 The
standards in all plants.
As
A redundant station battery was required. consider
water int
The ability to perform a hot shutdown and the potential at 300°C,
capability to perform a cold shutdown from outside the control 25°C. The
room is currently required. calculate
will not
Diverse signals are required for actuation of the emergency WO Ways:
core cooling systems. after man
materjal
Means for direct measurement of primary system coclan® Therefore
flow rate were required. conservat
An alternate circuit to provide offsite power to the The
ergency buses was required to cope with postulated failure of ultra-con
startup transformer of several plants. of thick
known. T
Actuation instruments for engineered safety features are long irra
required tc meet protection system standards. severely.
. analytica
system< i0r emergency power were required to be reduce th
red meet protection system standards. elapse be

Tod

large rea

3.7 Miscellanecus 2;{;:;;?2
and remed
in place
indicated

Improved development of Quality Assurance procedures and
organization changes to implement these quality assurance pro-
grams have been required in many cases.

4 Thu
Design changes have been required in radwaste systems to

: for some
reduce normal operational releases. rasolive o
.
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material c¢! y ix g life because of the neutron iry iation.

oolant Therefore, the stress calculatiocn must be performed with me %
conscrvatively hypothesized flaw present in an embrittle teel

» the
failure of ultra-conserva
of thick (15-2
known.
long irradiati
severely.
analytical
'd to be reduce the
elapse bef
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highly irradiated, bvcause today's
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.3 Comm n-Mode Llures in Frotective Systems

Prote< stems and engineered safety features are com-
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will result system failure. Yet, when the syst
that do occur are studied, it is discovered that t}
auch ts involve multiple failures, for which t
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usually neo n prob ns, but causally re=
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HOTE TO: Attached List
FROA: S. H. Hanauer, Assistaut Director for Plant Systems, DSS

SUBJECT: 1. ENVIRCNMENTAL QUALIFICATION
2. INSTRUMENTATION TO FOLLOW THE COURSE OF AM ACCIDENT

I believe that as a result of the TMI accident, we have to rethink:

1. Environmental Qualification envelope
2. Things which have to be qualified

3. RG 1.97 implementation

4., Backfitting

Changes in my thinking include:

1. Core damace is credible

2. long-term plant operation is essential; initiation isn't
enough

3. LOCA and SLB may not give an envelope that includes the TMI
experience

4. Ue are relying heavily on things not defined as "safety-related”
€Browns Ferry was like that, also)

I believe that we will be required, justifiably, to hasten the pace of
review and backfitting decisions. Ye can't be definitely quantitative
until we have better data than now available (for example, dose rates),
but we can start thinking in principle.

Please start thinking about this problem. I will set a due date for
your ideas as soon as we get off the night shift.

2‘ % D

) “"6, A
S. H. Hanauer, Adsistant Director
Afor Plant Systems
_Division of Systems Safety

cc: G. Arlotto
Boyd

DeYoung
Mattson
Ross

Sniezek
Stello
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHILGTON, I

“LMORANDUM FOR: Robert B. Minogue, Director
Office andards Development

Harold R. Denton,-Director

Office of Nuclear Reactor Regulation
INSTRUMENTATION TO ASSESS NUCLEAR POWER PLANT
CONDITIONS DURING AND FOLLOWING AN ACCIDENT

Jne of the major lessons learned from the Three Mile Island accident is
that better information needs to be provided to nuclear power plant
operators to enable them to reliably assess what is taking place in the
plant during an accident or transient situation so that they are better

able to take remedial action. In addition to providing specific recom-

mendations on instrumentation that shculd be required of licensees in

the short term, the TMI Lessons Learned Task Force has strongly recom-
ended that Regulatory Guide 1.97, Instrumentation for Light-Water-Cooled
Nuclear Power Plants to Assess Plant Conditions During and Following

an Accident, be revised on an expedited basis for early implementation.
The purpose of this revision would be to incorporate the instruments

already required by the Lessons Learned Task Force plus instruments

that are determined to be necessary based on a more in-depth reanalysis

of the past histury of Regulatory Guide 1.97 in view of the experience

of the TMI-2 accident. One important criterion that should guide the
revision is the need to implement, as soon as practical, state of the

art equipment in operating nuclear power plants to significantly increase
the ability to follow the course of an accident. Long term instrument

development matters should be deferred for further study pending results
from longer term investigations and decisions flowing from TMI. We believe
that a minimum set of basic instrumentation to follow an accident should
be required of plants now in operation as well as those under construction

on an expedited basis as soon as such a list is 'vailable.

During a meeting on July 3, 1979, between representatives from my office

and your office, a course of action was discussed to accomplish an expeditious
review and revision of Regulatory Guide 1.97. In accordance with the discussions
during that meeting, I request that SD take the lead in this effort as follows:

a. An in-depth review of instrumentation needed to assess plant conditions
during and following an accident should lead to a revision to R.G. 1.97 on an
expedited basis; approximately two months to establish revised positions for
review by the Regulatory Requirements Review Committee.




Ed Hfh:ihgnr, Chief, actor S ms Standards Branch, SD, will
rge of this effort. ' additi D wi provide an engineer
eable in the area of radiologic monitoring.

WNRR will assign Vic

Victor Benaroya of DSS and Leonard Soffer of DSE
in this effort.

problem in carrying out this effort, please let me know.

Director

Reactor Regulation
S. Levine
J

Stello
Gossick
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CoMMENTS BY
ADMIRAL H. G, RICKOVER, USM
IN MesTING WITH MEMBERS oF
THE PRESIDENT'S (OMMISSION ON THE ACCIDENT AT THREE MILE [.LAND

JuLy 23, 1979

YOU HAVE ASKED ME TO PRESENT MY VIEWS ON ASPECTS OF YQUR
INVESTIGATION | BELIEVE WOULD BE HELPFUL TC YOU. THE VIEWS |
SXPRESS ARE MY OWN BASED ON 60 YZARS OF GOVERNMENT SERVICE, THEY
DO NOT NECESSARILY REFLECT THOSE OF MY SUPERIORS.

On May 24, 1979, | TESTIFIED BEFORE THE Houst SuscommiTTes
ON ENERGY, RzSEARCH, AND PRODUCTION oF THE COMMITTEE ON Science AND
TECHNOLOGY REGARDING MY PERSPECTIVE ON NUCLEAR SAFETY AND THE
PHILOSOPHY AND APPROACH USED IN THE MAVAL REACTORS SAFETY PROGRAM,
COPIES OF MY STATEMENT FOR THAT TESTIMONY HAVE BEEN PROVIDED TO YOU.
| BELIEVE THE INFORMATION IN THAT STATEMENT IS AS PERTINENT TO VOUR
INQUIRY AS IT WAS TO THE CONGRESSIONAL (OMMITTEE.

SINCE Y U ALREADY. HAVE THAT STATEMENT, | WILL NOT REPEAT ITS
CONTENTS. [ WILL DISCUSS THOSZ MATTERS | BELIEVE TO BE OF MOST
INTEREST TO YOU.

To PROVIDE A PROPER CONTEXT AND PERSPECTIVE, HOWEVER, | wILL
INCLUDE AS | PROCEED BRIEF REMARKS ON SOME OF THE MAIN POINTS |
MADE THERE.
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| WILL BEGIN BY BRIEFLY DESCRIBING THE EXTENT OF THE NAVAL
REACTORS PROGRAM AND OUR EXPERIENCE TO DATE: THERE ARE 127 NAVAL

NYCLEAR _POWERED SHIPS IN OPERATION. INCLUDING NUCLEAR SHIPS AND THE
NAVAL PROTOTYPE REACTORS, | AM RESPONSIBLE FOR THE OPERATION OF 152

—‘~

NAVAL REACTORS.,

SINce THE USS NAUTILUS FIrsST PUT TO SEA IN 1955, NAVAL NUCLEAR
POWERED SHIPS HAVE STEAMED OVER 40 MILLION MILES AND HAVE ACCUMULATED

over 1,800 REACTOR-YEARS OF OPERATION. THIS IS SEVERAL TIMES THE
——

APPROXIMATELY 400 REACTOR YEARS OF COMMERCIAL REACTOR OPERATION IN THE

U. S. We HAVE PROCURED 508 NUCLEAR CORES, AND HAVE PERFORMED 166

REFUELINGS.,
DOMMENTAI RECOR

[N THE TWENTY=-SIX YEARS SINCE THE MAUTILUS LAND PROTOTYPE FIRST
OPERATED THERE HAS NOT BEEN AN ACCIDENT INVOLVING A NAVAL REACTOR
NOR HAS THERE BEEN ANY RELEASE OF RADIODACTIVITY WHICH HAS HAD A
SIGNIFICANT EFFECT ON THE ENVIRONMENT. FOR EXAMPLE, IN EACH OF THE
PAST EIGHT YEAR:, THE TOTAL GAMMA RADIOACTIVITY, LESS TRITIUM, DIS-
CHARGED IN LIQUIDS WITHIN 12 MILES OF SHORE FROM ALL OUR NUCLEAR POWERED
SHIPS, SUPPORTING TENDERS, NAVAL BASES, AND SHIPYARDS, WAS LESS THAN TWC
THOUSANDTHS OF A CURIE., [F-ONE PERSON WERE ABLE TO INGEST THE ENTIRE
AMOUNT OF THIS RADIOACTIVITY DISCHARGED FROM THE NAVAL NucLEAR PropPuL-
SION PROGRAM INTO ANY HARBOR IN 1878, HE WOULD NOT EXCEED THE
ANNUAL RADIATION EXPOSURE PERMITTED 3Y THE NUCLEAR PzGuLATORY
COMMISSION FOR AN IND!VIDUAL WORKER.



EACH YEAR | ISSUE A REPORT WHICH DESCRIBES IN DETAIL THE
AMOUNT OF RADIOACTIVITY DISCHARGED TO THE ENVIRONMENT FROM OUR
NAVAL SHIP OPERATIONS. THE REPORT ALSO DESCRIBES OUR METHODS
OF CONTROL AND ENVIRONMENTAL MONITORING., YOU HAVE ALREADY
BEEN PROVIDED WITH COPIES OF THAT REPORT.

FOR THE PAST TWO YEARS THERE HAS BEEN INCREASED PUBLIC
AND CONGRESSIONAL INTEREST IN THE HEALTH EFFECTS DUE TO LOW
LEVEL RADIATION, My May 24TH STATEMENT TO CONGRESS PROVIDED
TO YOU INCLUDES A REPORT WHICH GIVES THE OCCUPATIONAL RADIATION
EXPOSURE RECORD FOR CIVILIAN AND MILITARY PEOPLE INVOLVED IN
THE NAVY NUCLEAR PROPULSION PROGRAM, PAGE 2 OF THAT REPORT IS
A GRAPH SHOWING THE TOTAL OCCUPATIONAL RADIATION EXPOSURE TO
THE PERSONNEL WHO OPERATE OUR NUCLEAR SHIPS AND TO THE WORKERS
IN THE SHIPYARDS WHICH BUILD AND MAINTAIN NAVAL NUCLEAR SHIPS.
IN 1978 THE TOTAL EXPOSURE WAS ABOUT ONE QUARTER THE AMOUNT IN
THE PEAK YEAR 19606, EVEN THOUGH THE NUMBER OF MUCLEAR POWERED
SHIPS OPERATING IN 1978 WAS NEARLY DOUBLE THAT IN 1966. THis
REDUCTION IN OCCUPATIONAL EXPOSURE DID NOT JUST HAPPEN, IT
REQUIRED HARD WORK AND CONSTANT ATTENTION BY EVERYONE - WORKERS
AND MANAGEMENT,

THE REPORT SHOWS THAT SINCE 1967 NO CI/ILIAN OR MILITARY
PERSONNEL IN THE NAVY’'S NUCLEAR PROPULS!ION PROGRAM HAVE EXCEEDED
THE "UARTERLY FEDERAL LIMIT OF 3 REM OR ANNUAL RADIATION

A



EXPOSURE LIMIT OF 5 REM. THE AVERAGE ANNUAL JOB=RELATED
EXPOSURE OF SHIPYARD RADIATION WORKERS IN 1978 WAS ONE QUARTER
OF A REM. THE AVERAGE ANNUAL JOB-RELATED EXPOSURE OF NUCLEAR
SHIP PROPULSION PLANT OPERATORS IN 1978 WAS ONE TENTH OF A REM.
THE REPORT ALSO OUTLINES MANY OF THE MEASURES EMPLOYED TO LIMIT
OCCUPATIONAL RADIATION EXPOSURE,

| BELIEVE AT THE REPORTS ON RADIOACTIVE DISCHARGE AND ON
RADIATION EXPOSURE WILL BE OF VALUE TO YOU BECAUSE THEY CONVEY
SOME IDEA OF THE HARD WORK AND ATTENTION TO DETAIL WHICH WE
HAVE APPLIED TO MAINTAIN HIGH ASSURANCE THAT THE PUBLIC AND
THOSE IN THE NAVAL PROGRAM ARE PROTECTED.

DIEFERENCES BFTWEFM NAVAL RFACTOR
AND COMMERCIAL NUCIFAR PLANTS

SINCE THE THREE MILE ISLAND INCIDENT, THERE HAS BEEN
INCREASED INTEREST IN COMPARING COMMERCIAL AND NAVAL REACTOR
PLANTS. USEFUL LESSONS CAN BE LEARNED FROM THIS. But | MusT
CAUTION AGAINST ANY ATTEMPT TO APPLY DIRECTLY TO COMMERCIAL
PLANTS ANY SPECIFIC FEATURES, METHODS OR PROCEDURES FROM NAVAL
REACTORS = OR TO APPLY DIRECTLY TO NAVAL APPLICATIONS ANY
SPECIFICS FROM COMMERCIAL NUCLEAR REACTORS.

THERE \RE FUNDAMENTAL DIFFERENCES BETWEEN NAVAL AND
CIVILIAN NUCLEAR POWER PLANTS BECAUSE OF SPECIFIC MILITARY



REQUIREMENTS WHICH MUST BE MET BY NAVAL PROPULSION REACTORS.
MANY OF THESE ARE, OF NECESSITY, MORE EXACTING THAN THOSE FOR

| CENTRAL STATION PLANTS, FOR EXAMPLE, THE SHOCK LOADINGS DUE
TO UNDERWATER EXPLOSIONS, FOR WHICH NAVAL PLANTS ARE DESIGNED,
ARE FAR GREATER THAN THE EARTHQUAKE SHOCK LOADINGS FOR WHICH
CIVIL'  PLANTS ARE DESIGNED, [N ADDITION, BECAUSE MANEUVER-
ABILITY IS ESSENTIAL FOR MILITARY SHIPS, NAVAL PLANTS ARE
DESIGNED TC ACCOMMODATE MUCH MORE RAPID AND FREQUENT POWER
TRANSLENTS THAN THOSE EXPERIENCED IN CIVILIAN PLANTS. ALSO,
EACH NAVAL SHIP MUST DEPEND ENTIRELY ON ITS OWN POWER PLANT.
THERE 1S NC INTERCONNECTED GRID TO PICK UP THE LOAD TO ALLOW
THE SHIP TO CONTINUE FUNCTIONING.

BECAUSE QUR SHIPS MUST BE ABLZ TO OPERATE AT SEZA UNDER COMBAT
CONDITIONS WE INSIST ON CONSERVATISM IN EVERY ELEMENT OF NAVAL
REACTOR PLANTS. (ENTRAL STATION PLANTS ARE DESIGNED TO PROVIDE
RELIABLE POWER AT MINIMUM COST. THESE DIFFERENT OBJECTIVES ARE
REFLECTED IN ELEMENTS OF THESE PLANTS.

COMPARISONS AND CONCLUSIONS MUST TAKE THESE DIFFERENCES
INTC ACCOUNT.

MEED TO AVQID QVER-CONCEFNTRATIQON QM SPECIFICS

| AM NOT AN EXPERT ON THE THREE MILE ISLAND INCIDENT.
OTHERS ARE FAR MORE KNOWLEDGEABLE OF THE DETAILS OF THAT PLANT
DESIGN AND THE EVENTS LEADING TO THE INCIDENT. YOU AND YOUR

wn



STAFF AS WELL AS SEVERAL OTHER GROUPS ARE DEVOTING CONSIDERABLE
TIME TO UNDEPSTANDING IT. THEREFORE, | wILL NOT ATTEMPT TO
COMMENT ON THE TECHNICAL DETAILS OF THE PLANT OR THE EVENT.

FURTHER, THERE IS A DANGER THAT QVER=CONCENTRATION ON THE
DETAILS OF THIS ONE INCIDENT WILL HINDER IDENTIFICATION OF
STEPS WHICH MIGHT PROVIDE GREATER OVERALL ASSURANCE OF THE
SAFETY OF COMMERCIAL NUCLEAR POWER, | WILL THEREFORE CONCEN-
TRATE ON PRINCIPLES RATHER THAN ON DETAILED FEATURES OR
COMPARISONS.,

BASIC PRINCIPIFS OF NAVAI RFACTORS PROGRAM

OVER THE YEARS, | HAVE FREQUENTLY BEEN ASKED HOW | RUN THE
NAVAL REACTORS PROGRAM. SOME BELIEVE | HAVE A SIMPLE, EASY
GIMMICK THAT MAKES MY PROGRAM FUNCTION, THEY ARE DISAPPOINTED
TO + D THERE IS NONE = THE SUCCESS OF ANY PROGRAM DEPENDS ON
MANY INTERRELATED FACTORS,

THIS THOUGHT IS IMPORTANT IN YOUR DELIBERATIONS. THE
PROBLEMS YOU ARE INVESTIGATING CANNOT BE SOLVED BY DIRECTING
COMPLIANCE WITH ONE OR TWO SIMPLE PROCEDURES. REACTOR SAFETY
REQUIRES ADHERENCE TO A TOTAL CONCEPT WHEREIN ALL ELEMENTS ARE
RECOGNIZED AS IMPORTANT AND EACH 1S CONSTANTLY REINFORCED.,

[ WILL DISCUSS SOME OF THE PRINCIPLES | BELIEVE WILL BE OF
INTEREST TO YOU. OTHERS WERE DISCUSSED IN DETAIL °. MY PRIOR

TESTIMONY TO WHICH | HAVE REFERRED, AND WHICH YOU HAVE,




STROMG CENTRAL T=CHMICAL CONTRO!L

ALL ASPECTS OF NAVAL NUCLEAR PROPULSION ARE CONTROLLED BY
ONE CENTRAL TECHNICAL ORGANIZATION. [T IS NOT POSSIBLE TO
SEPARATE THE RESPONSIBILITY AND AUTHORITY INTO SEPARATE PHASES
OR PACKAGES WITH EACH ASSIGNED TO AN INDEPENDENT GROUP., DESIGN,
MANUFACTURE, ASSEMBLY, TEST, OPERATION, MAINTENANCE AND SELECTION
AND TRAINING OF PERSONNEL ARE SO CLCSELY INTERRELATED AS TO
REQUIRE CLOSE TECHNICAL COORDINATION AND DIRECTION. TECHNICALLY
COMPETENT HEADQUARTERS STAFF AND EXPLICIT PROVISIONS TO HAVE
PROBLEMS BROUGHT DIRECTLY TO THE ATTENTION OF TOP MANAGEMENT
ARE ESSENTIAL. FOR EXAMPLE, | GET FREQUENT REPORTS OF PROBLEMS -
NOT THE GOOD NEWS BUT THE BAD NEWS - FROM SACH OF OUR LABORA-
TORIES, MAJOR MANUFACTURERS, SHIPS, AND SHIPYARDS.

| ALSO SEE THAT OUR DESIGNERS KNOW WHAT THEY ARE WORKING
ON, THEY SEE COMPONENTS BEING BUILT AND PLANTS BEING CONSTRUCTED
AND OPERATED.

TECHNICAL COMPETENCE

IN A COMPLEX TECHNICAL AREA SUCH AS NUCLEAR POWER, ALL
INDIVIDUALS WHC MAKE DECISIONS IN ACQUISITION, DESIGN, OPERATION,
MAINTENANCE TRAINING, ETC., MUST UNDERSTAND THE TECHNOLOGY
INVOLVED, THEY MUST HAVE A FUNDAMENTAL UNDERSTANDING OF AND
COMMITMENT TO THE TECHNICAL ASPECTS OF THE JOB AND A DETERMINA-
TICN TO SEE THAT CAREFUL-ATTENTION IS PAID TO THE T

m

CHNICAL DETAILS,



IN DISCUSSING TRAINING IN THE NUCLEAR BUSINESS MOST PEOPLE
THINK OF THE PLANT OPERATORS = MOST OF THE DISCUSSION [ HAVE
HEARD HAS CONCERNED ITSELF WITH JUST THAT - TRAINING OF QPERATORS.
NUCLEAR POWER, HOWEVER, REQUTRES A MORE BASIC AND BROADER CON-
CEPT OF TRAINING., LIKE ALL NEW TECHNOLOGIES, IT ESTABLISHES
ITS OWN REQUIREMENTS. EVERYONE INVOLVED MUST UNDERSTAND AND
APPRECIATE THE TECHNICAL ASPECTS OF NUCLEAR POWER AND HAVE A
DEEP SENSE OF RESPONSIBILITY AND A DEDICATION TO EXCELLENCE.
THIS INCLUDES THE UTILITY MANAGERS, THE PLANT DESIGNERS, THE
COMPONENT DESIGNERS AND FABRICATORS, THE ARCHITECT ENGINEERS,
THE CONSTRUCTION COMPANIES = PARTICULARLY THEIR INSPECTORS, THE
ENGINEERS AND TECHNICIANS WHQ ASSEMBLE AND TEST THE PLANT, THE
PECPLE WHO MAINTAIN AND CALIBRATE THE EQUIPMENT, THE OPERATORS,
TC.

WHEN [ STARTED THE 'lavAaL NucLEAR PRoGRAM | DEVOTED MYSELF
TO THE TRAINING OF MANAGEMENT AND KEY PERSONNEL IN ALL THE
ORGANIZATIONS INVOLVED AND TO SEEING THAT THEY IN TURN TRAINED
THE REST OF THEIR PEOPLE., THIS IS STILL A MAJCR ELEMENT OF THE
MAvAL REACTORS PROGRAM = SEEING THAT ALL ORGANIZATIONS INVOLVED
HAVE QUALIFIED AND TRAINED PEOPLE, EACH PRIME CONTRACTOR IS
REQUIRED TO HAVE A TRAINING PROGRAM FOR SUCH PEOPLE AS DESIGN
ENGINEERS, FIELD REPRESENTATIVES, TECHNICAL AUDITORS, AND
INSPECTORS. FURTHER, THEY ARE REQUIRED TO HAVE MANAGERS WHO
KNOW WHAT THEY ARE DOING,TECHNICALLY AND WHC ARE RUNNING THE



JOB - NOT JUST REPORTING ON IT AND PASSING ON THE RECCMMENDA-

TIONS OF SUBORDINATES. MANAGERS MUST GET OUT OF THEIR OFFICES
AND SEE WHAT IS REALLY GOING CON. MY REPRESENTATIVES CHECK ON

THE EFFECTIVENESS OF THESE TRAINING PROGRAMS.,

We ALSO REGUIRE THAT PERSONNEL SUCH AS PLANT TEST ENGINEERS
AT OUR SHIPYARDS, AND KEY INSPECTORS AT ALL CUR VENDORS, BE
QUALIFIED AND TESTED 3Y !lavaL REACTOR PROGRAM PERSONNEL IN
LCCORDANCE WiTH NavAL REACTORS APPROVED STANDARDS. IN OTHER
CASES, WE SPECIFY THE SCOPE AND EXTENT OF TRAINING NEEDED AND
THEN THE COMPANY HAS TO CARRY IT OUT AND CONDUCT APPROPRIATE
WRITTEN AND ORAL EXAMS OR ACTUAL DEMCNSTRATIONS, IN ALL CASES,
HOWEVER, STEZPS ARE TAKEN TO ASSURE THAT EACH CRGANIZATION HAS |
ADEGQUATE MEANS TO PROVIDE QUALIFISD PECPLE, AND TO CHECK UP
ON THEM,

FOR PERSCNNEL AT RMAVAL REACTORS HEADGUARTERS, MEMBERS
OF MY SENICR STAFF AND [ PcRSOMALLY INTERVIEW EACH CANDIDATE 70
ENSURE HE IS CGMPETEN; TECHNICALLY AND HAS THE RIGHT ATTITUDES
AND MOTIVATION. THEY ARE THEN TRAINED IN THE DETA'LS OF REACTOR
PLANT DESIGN, CONSTRUCTICN, AND OPERATICON, AND TAUGHT TO MANAGE
THE PROGRAM THROUGH A THCROUGH KNOWLEDGE OF THE TECHNICAL FACTS,
LOGIC, COMMON SENSE, AND HARD WORK,

COMSERVATISM OF DESIGN

[N ANY ENGINEESRING ENDEAYCR, AND PARTICULARLY IN A HIGHLY

TECHNICAL FIELD SUCH AS NUCLEAR POWER, CONSERVATISM IS ESSENTIAL.
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THE DESIGN MUST, FROM THE VERY BEGINNING, ALLOW FOR ALL THE
UNCERTAINTY AND INACCURACY IN THE AVAILABLE XNOWLEDGE. IF THE
BASIC DESIGN IS NOT CONSERVATIVE, IT BECOMES NECESSARY TO
COMPENSATE BY ADDING DESIGN FEATURES OR SYSTEMS., THESE ADDED
FEATURES OR SYSTEMS INCREASE THE COMPLEXITITY OF THE PLANT,
MAKE IT HARDER TO UNDERSTAND AND OPERATE, AND THUS REDUCE
CONSERVATISM, RELIABILITY, AND SAFETY.

ANOTHER IMPORTANT CONCEPT IN DESIGN IS WHAT | REFER TO AS
MAKING THE PLANT “SAILOR PROOF”, | INTRODUCED THIS CONCEPT IN
THE EARLY DAYS OF THE NAVAL NUCLEAR PROGRAM. [T MEANS THAT THE
DESIGNER MUST ASSURE THAT THE PLANT, ITS SQUIPMENT AND ITS
PROCEDURES ARE SUCH THAT THE SAILORS WHO WILL OPERATE THE PLANT
CAN BE EXPECTED, REALISTICALLY, TO UNDERSTAND, OPERATE AND
MAINTAIN IT PROPERLY, THE CONCEPT ALSO REQUIRES THAT THE PLANT
BE DESIGNED TO ACCOMMODATE, INSOFAR AS PRACTICABLE, OPERATOR ERRORS
THAT MAY OCCUR - THAT IT BE "FORGIVING” AND THAT ITS ARRANCE =
MENT ALLOW READY ACCESS FOR NEEDED REPAIRS,

My May 24, 2979 STATEMENT CONTAINS MANY EXAMPLES OF
CONSERVATIVE DESIGN PRACTICES USED IN THE NAvAL ReAcCTORS
PROGRAM, THE FOLLOWING ONES MAY BE OF PARTICULAR INTEREST
T3 YOU:

10



USE SIMPLE SYSTEM DESIGNS SO THAT RELIANCE 1S PLACED
PRIMARILY ON DIRECT CONTROL BY TRAINED QOPERATORS RATHER THAN
ON AUTOMATIC CONTRCL.

o DESIGN, BUILD, OPERATE, AND MAINTAIN THE PLANT SO AS TO
PREVENT ACCIDENTS, RATHER THAN RELYING ON SYSTEMS AND PROCEDURES
PROVIDED TO COPE WITH ACCIDENTS AFTER THEY OCCUR,

* DESIGN THE PLANT SO THAT, AS FAR AS PRACTICABLE, TS
RESPONSE TO EXPECTED TRANSIENTS IS SELF-LIMITING AND ALLOWS
REASONABLE TIME FOR THE OPERATOR TO CONTROL THE PLANT PRIOR
TC REQUIRING AUTOMATIC PROTECTIVE ACTION.

¢+ USE FORMAL DOCUMENTATION FOR ALL PARTS OF THE PROGRAM -
DESIGN DECISICNS, MANUFACTURING PROCEDURES, OPERATING PROCEDURES,



INSPECTION REQUIREMENTS, INSPECTION RESULTS, AND FOR ANY

WAIVERS, TECHNICAL FACTS, RECOMMENDATIONS AND DECISIONS MUST

BE THORQUGHLY REVIEWED BY SENIOR PERSONNEL IN ALL THE DISCIPLINES
INVOLVED, TECHNICAL ACTION BY LOCAL RESIDENTS CANNOT BE ALLOWED.
THE DECISIONS AND THE BASES FOR THEM MUST BE IN WRITING AND THE
DOCUMENTATION MUST BE KEPT FOR REFERENCE USE AS LONG AS THE

PLANT [S [N OPERATION,

» CONDUCT FREQUENT, THOROUGH, AND DETAILED AUDITS OF ALL
ASPECTS OF THE PROGRAM BY INDIVIDUALS SELECTED AND TRAINED FOR

THIS PURPOSE, THERE SHOULD BE BOTH UNANNOUNCED AUDITS AND
EXTENDED OBSERVATIONS OF INDIVIDUAL OPERATIONS.

COMPLTANCE WITH DFTAIIED OPFRATING PRQCFNURFS

OPERATING A NUCLEAR POWER PLANT PROPERLY REGUIRES
KNOWLEDGE AND UNDERSTANDING OF THE CHARACTERISTICS OF MANY
SYSTEMS AND COMPONENTS, AND OF THEIR INTERACTICONS. RELIANCE
MUST ULTIMATELY BE PLACED ON THE OPERATOR. HOWEVER, WE PROVIDE,
INSOFAR AS PRACTICABLE, DETAILED PROCEDURES FOR THOSE OPERATIONS
AND CASUALTIES WHICH CAN BE FORESEEN. PREPARING SUCH PROCEDURES
ALLOWS DELI3ERATE, THOROUGH CONSIDERATION BY A NUMBER OF PEOPL

m

OF ALL THE FACTCRS INVOLVED. [T ALSO PROVIDES A LARGE DEGREE

OF STANDARDIZATION AND PROVIDES A MEANS TO [IMPROVE THE PROCEDURES
BASED ON OPERATING EXPERIENCE, WHERE PROCEDURES ARE PROVIDED TO
THE OPERATOR WE REQUIRE QERBATIM COMPLIANCE, [F THE OPERATOR



SELIEVES THE PROCEDURE TO BE WRONG OR FINDS IT CANNOT BE CARRIED
QUT AS WRITTEN, HE MUST STOP AND OBTAIN APPROVAL OF A REVISED
PROCEDURE. SIMILARLY, IF HE BELIEVES THE PROCEDURE CAN BE
[MPROVED, HE IS TO RECOMMEND A CHANGE BUT NQT IMPLEMENT 1IT
UNTIL IT IS APPROVED, [F NO PROCEDURE EXISTS FOR A PLANNED
EVOLUTION, ONE 1S TO BE WRITTEN AND APPROVED BEFORE PROCEEDING,

OF COURSE, IN A TRUE EMERGENCY THE OPERATORS MUST DO WHAT
THEY JUDGE NECESSARY = BUT THE VAST MAJORITY OF SITUATIONS ARE
COVERED BY APPROVED PROCEDURES., XNOWLEDGE AND UNDERSTANDING OF
THEM AND THE BASES FOR THEM AID THE OPERATOR TO UNDERSTAND
THE PLANT AND DECIDE WHAT TO DO WHEN HE HAS TO ACT ON HIS OWN,

QOM'T "1 IVE WITH” DEFICIEMCIFS

[T IS NAIVE TO ALLOW ROUTINE OPERATION WITH MANY DEFICIEN-
CIES SUCH AS "ALARMS” CR ABNORMAL CONDITIONS PRESENT, AND THEN
EXPECT OPERATORS TO RESPOND PROPERLY TO ALARMS WHICH INDICATE A
CASUALTY., ONCE YOU LEARN TO “LIVE WITH” DEFICIENCIES SUCH AS
SIGNIFICANT LEAKAGE AND A NUMBER OF ALARMS OR ABNORMAL CONDITIONS,
THERE ENSUES A LOSS OF ABILITY TO RECOGNIZE AND RESPOND TO NEW
PROBLEMS OR NEW CONDITIGONS WHICH MAY ACTUAL'Y JEOPARDIZE THE
SLANT BUT SESM TO BE JUST ANOTHER ACCEPTABLE DEFICIENCY.

’

IT IS UNUSUAL FCR MY PLANTS TO OPERATEZ WITH ANY ALARMS
FOR AN EXTENDED PERIOD OF TIME; EXTENDED OFERATION WITH SEVERAL
ALARMS 1S UNHEARD OF. ’

|
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In conclusion, 1 belicve the staff should evaluate underfrequency pro-
tection on operating plants as well as plants under review. Further-
more, the compatibility of higher frequency decay rates with low power
levels should also be evaluated to ascertain the worst case conditions
for plant operation.

4. Tssue No. 10 - Grid Stability

The Millstone incident in my view was not a grid stabilily incident per
se. lIncidents such as these, however, can lead to loss o1 generation
as it has in this case, which could alteynately result in broad grid
instability. Therefore, adequate technical specifications should be
developed to require periodic testing of the emergency power systems
{o conditions of LOCA loadings to assure the systems' proper response.

In conclusion, I believe that operating plants as well as plants under
review should develop technical specifications to require integrated ESF
tests at refueling shut downs. Mini-flow conditions and/or blocked
valves on pumps and fans would allow sufficient challenge on power systems
to assure their proper response in starting and accelerating their motor
loads. Furthermore, the staff should develop the caraoility (o inde-
pendently evaluate stability of grids that supply offsite power to
nuclear plant distribution systems, (see memorardum from W. R. Butler

to D. G. Eicenhut dated August 18, 1976).
5. T:sue No. 12 - Load Break Switch

load break switches are not used for the purpose described in your
memorandum to the staff, Generator Preakers are the devices used for
that purpose.

Clarification of the requirements needed to make these devices acceptable
for use in nuclear plants has been transmitted to Dr. Heine~an by
memorandum dated October 26, 1976.

The following are my comments on allegations made, that portions of the NRC
response submitted to the Joint Committee on Atomic Energy regarding allega-
tions raised by Robert Pollard did not adequately reflect the information
supplied by NRC technical reviewers (see memorandum dated November 8, 1976,
from Roger Fortuna and William Foster to T. J. McTiernan, Director, Office
of Inspector and Auditor):

1. Underfrequency Protection for Indian Point Units 2 and 3
My supervisor asked me to look into the underfrequency protection pro-

vided for Indian Point Units 2 and 3, and report my assessment of the
adequacy of the underfrequency protection provided for this plant.



TRAINING OF PIANT OPERATORS

| CONSIDER THE SELECTION AND TRAINING OF THE OFFICERS AND
ENLISTELC MEN WHO OPERATE OUR SHIPS TO BE AT LEAST AS IMPORTANT
TO SAFETY AS ANY OTHER ELEMENT OF THE MAvY NUCLEAR POWER “ROGRAM,
THE MENTAL AB'LITIES, JUDGMENT, AND LEVEL OF TRAINING OF PLANT
OPERATORS MUST BE COMMENSURATE WITH THE RESPONSIBILITY INHERENT
IN OPERATING A NUCLEAR PLANT. OSELECTION AND TRAINING OF PER-
SONNEL IN THE NavaL MucLzAR POWER PROGRAM ARE CARRIED OUT WITH
THESE CONSIDERATIONS IN MIND,

ACADEMIC ABILITY, PERSONAL CHARACTER AS DEMONSTRATED BY
ANY ACTS REFLECTING UNRELIABILITY, AND PERSONAL MOTIVATION ARE
TAKEN INTO ACCOUNT IN SELECTION OF PERSONNEL. ONCE SELECTED,
THE INDIVIDUAL IS CONTINUALLY SUBJECTED TO REVIEW, NOT ALL
THOSE SELECTED FOR TRA'NING PASS THE COURSE AND GUALIFY, ScMe
HAVE TO BE DROPPED., ALSC, IT IS NOT SUFFICIENT TO QUALIFY AN
OPERATOR ONCE, AND THEN LET HIM ALONE. THEREFORE, OUR TRAINING
PROGRAM [3 A CONTINUING ONE. THE SAME STANDARDS ARE USED FOR
REQUALIFICATION AS FOR INITIAL QUALIFICATION = AND, AGAIN, NOT
EVERYONE REQUALIFIES - SOME FAIL AND ARE DROPPED,

[ WANT TO MAKE CLEAR THAT WE TRAIN AND QUALIFY ALL
PROPULSION PLANT OPERATORS - INCLUDING STEAM PLANT OPERATORS.

.
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THERE 1S SUCH A DIRECT INTERACTION OF THE STEAM PLANT AND THE
REACTOR PLANT THAT THI3 IS REQUIRED,

IN ADDITION TO THE TRAINING AND RETRAINING PROGRAMS,
INSPECTIONS OF PERSONNEL IN THE FLEET ARE CONDUCTED BY MEMBERS
OF MY STAFF - BOTH FROM FIELD OFFICES AND FROM HEADQUARTERS.
ADDITIONAL INSPECTIONS ARE CONDUCTED BY SPECIAL EXAMINING BOARDS
ESTABLISHED BY THE CHIEF OF MAvaL OPERATIONS AND BY NUCLEAR
TRAINED PERSCNNEL ON VARIOUS OTHER NAVAL STAFFS, | REVIEW THE
RESULTS OF ALL INSPECTIONS,

[ HAVE ESTABLISHED A FORMAL SYSTEM OF REPORTING PROPULSION
PLANT PROBLEMS WHICH IDENTIFIES AREAS IN NEED OF IMPROVEMENT IN .
THE TRAINING PROGRAM. [ ALSO ReQuUIRE THE ComMANDING OFFICER OF
EACH NUCLEAR POWERED SHIP TO WRITE ME PERIODICALLY CONCERNING
PROPULSION PLANT PROBLEMS., THESE LETTERS MUST ALSO CONTAIN
DETAILED INFORMATION ON THE TRAINING HE HAS CONDUCTED SO | CcAN
EVALUATE WHETHER SUFFICIENT TIME AND ATTENTION ARE 3EING PAID
TO THIS IMPORTANT ~REX.

ANOTHER IMPORTANT ASPECT OF OUR TRAINING PROGRAM [S QUR
INSISTENCE THAT OPERATORS BELIEVE THEIR INSTRUMENTS UNLESS AND
UNTIL THEY ARE PROVEN WRONG. [F THEY CONSIDER AN INSTRUMENT TO
B3E IN ERROR, THEY MUST REPORT [T IMMEDIATELY. OUR OPERATORS ARE
DRILLED CONSTANTLY ON THIS PRINCIPLE AND TAUGHT THAT THEY CANNOT
IGNCRE INSTRUMENT READINGS EVEN [F THEY BELIEVE THEM TO 3¢

14



INVALID, THEY ARE ALSO DRILLED IN WHAT AN INSTRUMENT READING
REALLY MEANS AND HOW IT CAN BE AFFECTED BY CASUALTY CONDITIONS.
[N CASE OF DOUBT AS TO THE ACTUAL MEANING, THEY ARE SPECIFICALLY
TAUGHT TC BELIEVE THE WORST.

THERE 1S ONE OTHER POINT WITH REGARD TO TRAINING | WANT
TO EMPHASIZE = AND IT IS THIS: TOP MANAGEMENT SERSONNEL MUST
BE TECHNICALLY KNOWLEDGEABLE AND BE FULLY INVOLVED IN SEEING
THAT THE TRAINING IS DONE PROPERLY, [T IS INSUFFICIENT AND
MISLEADING FOR MANAGEMENT TO DEAL, AS MANY DO, SOLELY WITH THE
TOTAL NUMBER OF MAN MONTHS OF TRAINING OR THE LENGTH OF THE
PROGRAM, CR THE COST, OR THE FACILITIES, OR TO DELEGATE TRAINING
TC A SUBCONTRACTOR, THEREBY LEAVING THE VITAL "DETAILS” TO
SOMEONE ELSE,

SIMILARLY, THE CONTENT OF THE PROGRAM CANNCT BE DEVELOPED
BY THE DESIGNERS ALONE OR BY OPERATORS ALONE = BOTH MUST 3E
DEEPLY INVOLVED ON A CONTINUING BASIS.

THESE ARE JUST THE MAIN ELEMENTS OF THE TRAINING EFFGRTS
IN MY PROGRAM. BECAUSE TRAINING IS SO IMPCRTANT, | HAVE
PROVIDED, IN My MAY 2UTH STATEMENT, A MUCH MORE DETAILED
DESCRIPTION OF QUR TRAINING OF PLANT OPERATORS. | RECOMMEND
THAT ALL THE (OMMISSION MEMBERS AND YQUR STAFF READ IT.

SOME HAVE SUGGESTED THAT THE SUCCESS OF NAVAL NUCLEAR
POWER 1S A RESULT OF THE DISCIPLINE WHICH CAN BE ENFORCED IN A
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MILITARY ENVIRONMENT, BUT WHICH CANNOT BE ACHIEVED IN A COMMER-
CIAL NUCLEAR ENVIRONMENT, | DO NOT AGREE. [ BELIEVE THAT
ADEQUATE DISCIPLINE CAN BE OBTAINED IN COMMERCIAL NUCLEAR POWER.

DISCIPLINE IS AN ESSENTIAL CHARACTERISTIC OF ANY SUCCESS-

FUL PROGRAM AND OF ANY SUCCESSFUL PERSON. THE DISCIPLINE IN
THE NAVAL NUCLEAR PROGRAM HAS BEEN SUCCESSFUL, NOT BECAUSE THIS
INVOLVES MILITARY APPLICATIONS, BUT BECAUSE [ HAVE INSISTED UPON
TAFFING THE PROGRAM WITH INTELLIGENT, MOTIVATED PEQPLE, WHOM |
HOLD ACCOUNTABLE. ACHIEVING THE REQUIRED DISCIPLINE IN THE
COMMERCIAL NUCLEAR FIELD WILL REQUIRE ATTENTICN TO RESPONSIBILITY
AND THE OTHER THINGS | HAVE SUGGESTED, AND RECOGNITION BY ALL
INVOLVED THAT TAKING PART IN DESIGNING, BUILDING, AND OPERATING
A NUCLEAR POWER PLANT IS NOT A "RIGHT"” GIVEN TO EACH AMERICAN
AT BIRTH ANY MORE THAN BEING A SURGEON OR AN AIRLINE PILOT HAS
SUCH A "RIGHT”., SELECTION AND RETENTION OF PEOPLE MUST BE BASED
SOLELY ON COMPETENCE AND PERFORMANCE. THESE MUST NOT 3E
SUBORDINATED TO OTHER"GOALS. [MANAGEMENT RESPONSIBLE FOR SAFE
OPERATION MUST HAVE THE AUTHORITY TO ENFORCE STANDARDS.

u 0 DISCIPL I

ANOTHER IMPORTANT ASPECT OF OPERATING A NUCLEAR PLANT i$
TO ENSURE THAT THE OPERATORS' ATTENTION IS CONSTANTLY FOCUSED ON
THE PLANT. THIS IS DIFFICULT, PARTICULARLY IF THE PLANT IS



OPERATING AT A STEADY STATE CONDITION. IN THIS SITUATION THE
OPERATOR HAS LITTLE OR NO DIRECT ACTION TO TAKE = HE MERELY MONI-
TORS. THERE IS THEN AN INEVITABLE TENDENCY FOR HIS ATTENTION TO
DRIFT = FOR IDLE CONVERSATION OR EVEN READING OR EATING TO TAKE
PLACE. THIS CANNOT BE TOLERATED.

CLEAR COMMUNICATIONS ARE ESSENTIAL IN DEALING WITH NUCLEAR
POWER, THERE IS NO PLACE FOR MISUNDERSTANDING OR FOR GUESSING
WHAT IS MEANT. [N MOST HUMAN COMMUNICATION, PARTICULARLY AMONG
THOSE WHO ARE ACCUSTOMED TO DEAL FREQUENTLY AND CLOSZLY WITH ONE
ANCTHER, PRECISE LANGUAGE IS OFTEN NOT USED OR REQUIRED, MUCH OF
THE MEANING BEING CONVEYED BY TONE OR GESTURE.

THIS 1S NOT ACCEPTABLE IN THE OPERATION OF ANY ADVANCED TECHNO-
LOGY SUCH AS NUCLEAR POWER. ALL COMMUNICATIONS MUST BE PRECISE,
USING STANDARD TERMINOLOGY WHICH LEAVES NG MEANING TO BE IMPLIED
AND REQUIRES NO INTERPRETATION, ALL ORDERS MUST BE GIVEN AND
ACKNOW! EDGED [N SPECIFIC AUTHORIZED TERMS.

FOR FORMALITY AND DISCIPLINE TO 0BTAIN WHEN THERE IS AN
EMERGENCY, IT MUST HAVE BEEN PRESENT WHEN THINGS WERE GOING
ROUTINELY. CREWS THAT ENGAGE IN TALK NOT DIRECTLY RELATED TO PLANT
CONDITIONS CR OPERATIONS OR WHO INDULGE IN SLOPPY PERSONAL HABITS
ON WATCH WILL NOT RESPOND QUICKLY AND CORRECTLY TC A FAST MOVING
PRCBLEM.

[N THE NAVAL PROGRAM WE PAY CAREFUL ATTENTION TO STRICT
FORMALITY, WHENEVER THE PLANT- IS OPERATING, THERE ARE ON DUTY NOT



JUST THE QUALIFIED OPERATORS 3UT ALSO QUALIFIED OFFICERS WHO
SUPERVISE THEM. ONE OF THE SUPERVISOR'S RESPONSIBILITIES IS TO
ASSURE FORMALITY, DISCIPLINE, AND ATTENTION. IN CIVILIAN PLANTS,
WHICH OPERATE LARGELY AT STEADY POWER CINDITIONS AND WHERE THE
INDIVIDUALS ARE ON WATCH FOR EIGHT HOURS AT A TIME INSTEAD OF
FOUR AS IN THE NAVY, IT IS MORE DIFFICULT TO ACHIEVE THE PROPER
WATCHSTANDING PRACTICES,

MUCH TIME AND ENERGY 1S REQUIRED TO ACHIEVE 3TRICT WATCH-
STANDING PRACTICES AND TO AVOID CONFUSION IN COMMUNICATIONS.
THIS IS ALWAYS NECESSARY, AND ESPECIALLY WHEN A CRISIS ARISES.



DANGER QF PLACIMG UMDUE REI TANCE QM
BRICR INVOLYVEMEMT M MAVAL NUCIFAR PROGRAN

[T APPEARS THAT SOME IN THE CIVILIAN NUCLEAR INDUSTRY AND,
PERHAPS ,THE NRC HAVE BEEN PLACING UNDUE RELIANCE ON THE MERE
FACT THAT A PERSON HAS BEEN INVOLVED IN THE NAVAL NUCLEAR
PROGRAM,

| BELIEVE THE TRAINING PROVIDED TO OPERATORS IN THE NAVAL
NUCLEAR PROGMPAM IS FULLY ADEQUATE AND EQUAL TO THAT ANYWHERE.
HOWEVER, SUCCESSFULLY COMPLETING A TRAINING PROGRAM IS IN ITSELF
NOT ENQUGH TO QUALIFY ONE TO ESTABLISH OR RUN SUCH A PROGRAM,
ALso, AS | POINTED OUT EARLIER, OPERATOR TRAINING IS ONLY ONE
ELEMENT OF THE TOTAL PROGRAM, (THER ESSENTIAL ELEMENTS ARE
STAFFING LEVELS, SUPERVISION, AUDITING AND GUALIFICATION, AND
REQUALIFICATION FOR THE SPECIFIC PLANT TO BE OPERATED.

FINALLY, IT MUST BE RECOGNIZED THAT UNDER PRESENT LAWS AND
REGULATIONS [T IS NOT EVEN POSSIBLE FOR A PROSPECTIVE EMPLOYER
TO DETERMINE WHETHER AN INDIVIDUAL WHC WAS IN THE NAVAL NUCLEAR
PROGRAM PERFORMED SATISFACTORILY OR NOT. PRIVACY REGULATICNS
PREVENT THE NAVY FROM PELEASING SUCH INFORMATION UNLESS
SPECIFICALLY AUTHORIZED BY THE INDIVIDUAL.

THERE ARE AND HAVE BEEN MANY COMPETENT HIGHLY TRAINED
PEOPLE IN THE NAVAL NUCLEAR PROGRAM - BUT THE RESPONSIBILITY TO

EVALUATE THEIR COMPETENCE AND PERFORMANCE WITH RESPECT TO ANY




JOB IN CIVILIAN NUCLEAR POWER RESTS WITH THEIR CIVILIAN EMPLOYERS -
WHO ALSO HAVE THE RESPONSIBILITY TO PROVIDE THE NEEDED SUPPORT,

ANOTHER [MPORTANT ASPECT OF NUCLEAR POWER IS THE PHYSICAL
CONDITION CF THE PLANT AND ITS HOUSEKEEPING.

NAVY EXPERIENCE OVER MANY YEARS HAS SHOWN THAT THE GENERAL
CONDITION OF ANY POWER PLANT, INCLUDING EVEN SUCH APPARENTLY
INCIDENTAL ITEMS AS TIDINESS OR HOUSEKEEPING, ARE [MPORTANT TO
RELIABILITY AND SAFETY. THE GENERAL APPEARANCE AND CONDITION OF
A PLANT IS A GOOD INDICATOR OF THE DISCIPLINE AND COMPETENCE
OF THE PEQPLE WHO RUN IT. [F A HOME IS NEAT, THERE IS LESS
CHANCE OF AN ACCIDENT., THE SAME CONCEPT APPLIES TO A POWER
PLANT, AND THIS ATTITUDE MUST PERVADE THE ENTIRE OPERATION.
EOPLE WHO WORK IN A 3LOPPY ENVIRONMENT ARE LIKELY TO ACT IN A
SLOPPY MANNER,

HOUSEKEEPING [N NUCLEAR POWER PLANTS POSES A PARTICULAR
PROBLEM SINCE SOME PARTS OF THE PLANT ARE INACCESSIBLE MOST OF
THE TIME, EVEN DURING THE REMAINDER OF THE TIME THEY ARE
DIFFICULT TO INSPECT BECAUSE OF RADIATION. [lONETHELESS, THOROUGH,
PERIODIC INSPECTION AND CLEANING OF THE ENTIRE PLANT AND CORRECTION
OF DEFICIENCIES ARE ESSENTIAL.

-
|
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C AID IN THIS, THE DISTRIBUTION
OF RADICACTIVITY IN THE PLANT MUST 3E CONTROLLED. RADIOQACTIVITY



THAT STAYS WITHIN THE CORE CONTRIBUTES LITTLE TO THE RADIATION
RECEIVED IN WORKING AT THE PLANT. THEREFORE, THE PLANT MUST

HAVE HIGH INTEGRITY FUEL ELEMENTS TO RETAIN THE RADIOACTIVE

FISSION PRODUCTS, : “

MUCH OF THE RADIATION RECEIVED DURING PLANT MAINTENANCE
COMES FROM RADIQACTIVE CORROSION PRODUCTS SUCH AS COBALT. THE
AMOUNT OF THIS TYPE OF RADIOACTIVITY CAN BE MINIMIZED BY PROPER
SELECTION OF MATERIALS AND CONTROL OF COOLANT CHEMISTRY. ITs
LOCATION CAN BE CCNTROLLED BY DETAILED DESIGN OF SYSTEMS AND
COMPONENTS TO ELIMINATE LOCAL SPOTS WHERE RADIOACTIVE MATERIAL
COULD ACCUMULATE. MOST IMPORTANT, AIRBORNE ACTIVITY AND
RADIQACTIVE CONTAMINATION OUTSIDE THE PRIMARY COOLANT SYSTEM CAN
BE MINIMIZED BY ELIMINATING ROUTINE LEAKAGE OF PRIMARY COOLANT
AND BY LOCAL CONTAINMENT OF ANY TEMPORARY LEAKAGE WHICH DOES
OCCUR.

[N DISCUSSING INSPECTION OF THE PLANT, | REFER PRINCIPALLY
TO FINDING AND REPAIRING THE LITTLE THINGS - STEAM LEAKS, VALVE
PACKING LEAKS, WETTED INSULATION, RUSTING VENTS, INOPERATIVE OR
OUT OF CALIBRATION INSTRUMENTS OR COMPONENTS, ETC. ONCE A POWER
PLANT IS CONSTRUCTED, [T MUST NOT JUST BE LEFT ALONE. [T REQUIRES
CONTINUOUS, DETAILED ATTENTION., [T ALSO REQUIRES THAT COMPLETE
RECCRDS BE MAINTAINED OF THE DEFICIENCIES WHICH DO QCCUR AND HOW
THEY ARE CORRECTED,
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TO ENSURE THAT PLANTS ARE BEING KEPT IN GOOD CONDITION, [

REQUIRE THORQUGH, PERIOJDIC INSPECTION = INCLUDING THE REACTOR
COMPARTMENT = BY THE SENIOR OFFICERS., | ALSO HAVE SUCH ‘
INSPECTIONS MADE BY PEOPLE FROM HEADQUARTERS,

EACE FACTS

ANOTHER PRINCIPLE FOR SUCCESSFUL APPLICATION OF A
SOPHISTICATED TECHNOLOGY 1S TO FACE FACTS., OCMZ MUST BE CONSCIOUS
OF AND ACTIVELY GUARD AGAINST THE HUMAN INCLINATION TO HQPE
THAT THINGS WILL WORK OUT DESPITE EVIDENCE OR SUSPICIONS TO THE
CONTRARY, O(NE IMPORTANT WAY TO DO THIS IS TO HOLD PECPLE
ACCOUNTABLE FOR LONG-TERM PERFORMANCE. ONE WHO KNOWS HE WILL BE
HELD ACCOUNTABLE IF THINGS DO NOT WORK RELIABLY IS MORE LIKELY
TO RESIST SHORT-TERM OPTIMISM THAN ONE WHO KNOWS HE WILL NOT.

A MANAGER WHC 1S EVALUATED ON SHORT=-TERM RESULTS ALONE IS LES3
LIKELY TO FACE THE FACTS AND ACT WHEN THE CORRECTIVE ACTION 1§
UNPALATABLE AND COSTLY. | HAVE ALWAYS ACTED IN EACH JOB | HAVE
MAD AS IF | WOULD HOLD IT AND BE HELD RESPONSIBLE FOREVER - EVEN
oN JUDGEMENT DAY = AND PERMAPS BEYOND.

[F THINGS DO NOT APPEAR TO BE QUITE RIGHT, YOU MUST DIG OUT
THE FACTS AND MAKE NEEDED CHANGES DESPITE SIGNIFICANT COSTS AND
SCHEDULE DELAYS, A NUMBER OF TIMES DURING THE COURSE OF MY WORK

!

i\ HAVE MADE DECISIONS TC STOP WCRK AND REDESIGN OR REBUILD EQUIP-

MENT - NO MATTER WHAT THE DELAY OR COST = TC PROVIDE THE




REQUISITE ASSURANCE OF SATISFACTCRY PERFORMANCE. ON SOME
OCCASIONS, | HAVE FOUND IT NECESSARY TC REPLACE PERSONNEL.

THE MAN IN CHARGE MUST PERSONALLY SET THE EXAMPLE IN THIS
AREA AND REQUIRE HIS SUBORDINATES TO DO LIKEWISE, THOSE WHO
WILL NOT OR CAN NOT DO THIS MUST BE REPLACED.

POSSIRIIITY OF MISTAKES MUST RE TAKEN INTQ ACCOUNT

WHAT | HAVE PPESENTED UP TO THIS POINT AND THE INFORMAT!ON
[ FURNISHED TO YOU IN MY MAY 2UTH STATEMENT INDICATE SOME OF
WHAT [ DO IN RUNNING THE NAVAL REACTORS PROGRAM. EVEN WHEN
THESE MEASURES ARE CARRIED QUT. MISTAKE® WILL BE MADE AND EQUIPMENT
WILL FAIL, BECAUSE WE ARE DEALING WITH MACHINES AND THEY CANNOT BE
MADE PERFECT. THE HUMAN BODY IS GOD'S FInEsT CREATION WE KNOW OF
AND YET IT IS NOT PERFECT - WE GET SICK. IVE CANNOT EXPECT,
PHILOSOPHICALLY, THAT MACHINES WILL BE MORE MEARLY PERFECT THAN
THE HUMAN 3EINGS WHO CREATE THEM,

MUCLEAR POWFR CAM PF SAFFIY USED

[F THE PRINCIPLES | HAVE OUTLINED ARE CARRIED OUT WITH
STEADFAST COMMITMENT, | BELIEVE NUCLEAR POWER CAN BE SAFZLY
USED, EVEN TAKING INTO ACCOUNT MISTAKES THAT WILL INEVITABLY
OCCUR. THAT IS THE BASIS ON WHICH | HAVE CONDUCTED ALL MY WORK
AND | BELIEVE IT JUST AS STRONGLY TODAY AS | EVER HAVE.
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SOME_SUGGESTFD ACTIOQMS

LET ME NOW SUMMARIZE SOME SPECIFIC ACTIONS | SUGGEST BE
CONSIDERED, AND COMMENT ON SOME OTHERS WHICH | UNDERSTAND HAVE
BEEN SUGGESTED:

1. UTILITY MANAGEMENT AS THE OWNERS AND OPERATORS OF THE
PLANTS HAVE PRIME RESPONSIBILITY FOR THEIR SAFETY., THEY MUST
ACCEPT THEIR RESPONSIBILITY AND BECOME KNOWLEDGEABLE IN THE
TECHNICAL FACETS OF NUCLEAR POWER, THE UTILITIES SHOULD UPGRADE
THEIR TECHNICAL STAFF AND GIVE THEM DIRECT AND FREQUENT ACCESS TO
TOP MANAGEMENT., THE STAFF SHOL'.D HAVE FULL RESPONSIBILITY FOR
SAFETY INCLUDING DESIGN AND TRAINING AS WELL AS OPERATIONAL MATTERS,
AND SHOULD HAVE THE AUTHORITY TO TAKE THE NECESSARY ACTIONS. |
TECHNICAL DECISIONS MUST BE MADE ON A TECHNICAL BASIS. THEY CANNOT
BE MADE BY PURCHASING AGENTS, COMPTROLLERS OR LAWYERS. | HAVE
CONTRACT AND BUDGET PEQPLE. DBUT THESE PEOPLE SERVE THE TECHNICAL
GROUPS = THEY DO NOT RUN THE PROGRAM OR OVERRIDE TECHNICAL
CONS IDEXATIONS,

FOR MANY YEARS [ HAVE RECOMMENDED THAT THE UTILITIES UNITE
TO ESTABLISH A SEPARATE TECHNICAL ORGANIZATION WHICH COULD
PROVIDE A MORT COCRDINATED AND EXPERT TECHNICAL INPUT AND CONTROL
FOR THE COMMERCIAL NUCLEAR POWER PROGRAM THAN IS PRESENTLY
POSSIBLE FOR EACH UTILITY WITH ITS LIMITED STAFF., THE ELEcTRIC

Power RESEARCH INSTITUTE, EPRI, IS AN EXAMPLE OF THIS. It
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PERFORMS RESEARCH AND DEVELOPMENT IN TECHNOLOGY ASSOCIATED WITH
NUCLEAR FOWER AND OTHER FORMS OF POWER GENERATION. | UNDERSTAND
THAT A SIMILAR ARRANGEMENT IS BEING MADE IN THE AREA OF OPERATOR
TRAINING, THESE ARE GOOD STEPS - BUT NOT ENOUGH. THE CENTRAL
TECHNICAL ORGANIZATION | RECOMMEND SHOULD HAVE A CLEAR MANDATE FOR
SAFETY ASPECTS AS A PART OF ITS FUNCTION, AMONG THE THINGS SUCH
AN ORGANIZATION COULD DO ARE:

A. DEVELOP THE STANDARDS AND SPECIFICATIONS UTILITIES
SHOULD REQUIRE FOR DESIGN AND CONSTRUCTION OF THEIR PLANTS.

8. PROVIDE DIRECT, IN-DEPTH TECHNICAL ASSISTANCE TO
UTILITIES IN DESIGN, CONSTRUCTION ANL OPERATIONAL QUESTIONS.

C. ESTABLISH RECOMMENDED STAFFING REQUIREMENTS FOR
OPERATION OF NUCLEAR PLANTS., FOR EXAMPLE, | UNDERSTAND THAT AT
TIMES THERE MAY BE ONLY A SINGLE OPERATOR WITH NO SUPERVISION
PRESENT IN THE CONTROL ROOM OF AN OPERATING PLANT. ALSO, THAT
OPERATORS MAY BE ASSIGNED AND ACTUALLY CARRY OUT UNRELATED DUTIES
WHILE ON WATCH, THESE ARE CONTRARY TO MNAVY PRACTICE.

D. DEVELOP A COMPREHENSIVE TRAINING AND RETRAINING
PROGRAM, INCLUDING LE3SON PLANS, QUALIFICATION REQUIREMENTS, ETC.
FOR UTILITIES TO USE IN TRAINING THEIR PEOPLE, THIS MUST BE
BASED ON WHAT [S NEEDED AND NOT GEARED SOLELY TC PASCING
LICENSING EXAMINATIONS. [T SHOULD COVER ALL TYPES OF PERSONNEL,
NOT JUST OPERATORS.



E. PROVIDE TRAINED TECHNICAL TEAMS TO PERFORM PERIODIC
AUDITS OF NUCLEAR STATIONS AND CRITICALLY EVALUATE THE PLANTS
AND QUALIFICATION AND PERFORMANCE OF PERSONNEL,

F. ADVISE UTILITIES ON TECHNICAL SAFETY QUESTIONS.

OTHER FUNCTIONS PROBABLY WOULD BECOME APPARENT IN TIME,

THE CONTRIBUTION SUCH AN ORGANIZATION COULD MAKE WOULD BE
CONSIDERABLE IF GIVEN THE PERSONNEL AND AUTHORITY TO CONCENTRATE
ON THE TECHNICAL ASPECTS, WITHOUT UNDUE CONCERN FOR ISSUES SUCH
AS SCHEDULES, ECONOMICS AND THE LIKE., [F THEY ARE SET UP TO
BE JUST A MOUTHPIECE FOR JUSTIFYING WHATEVER THE UTILITIES WANT
T2 DO BASED ON PROFIT AND LOSS, AS IS THE CASE WITH MANY
INDUSTRY ORGANIZATIONS, IT WILL BE A WASTED EFFORT. ALS0, If
UTILITIES MANAGEMENT SIMPLY TURN OVER ALL TECHNICAL MATTERS TO
THIS ORGANIZATION, IT WILL NOT WORK. UTILITIES ALSO NE_.D THEIR
OWN IN-HOUSE TECHNICAL COMPETENCE.

[N SETTING UP SUCH AN ORGANIZATION, CARE MUST 3E TAKEN T0
GET THE FROPER PEOPLE. [T IS MORE IMPORTANT THAT THEY HAVE A
PROVEN RECORD OF ACTUAL ACCOMPLISHMENT IN A PRACTICAL, SUCCESS-
FUL APPLICATION OF TECHNOLOGY THAN THAT THEY B3E "EXPERTS” OR
"SENIOR STATESMEN" WHO HAVE BECOME WELL KNOWN BECAUSE THEY HAVE
DONE A LOT OF TALKING FOR MANY YEARS ABOUT THE NUCLEAR POWER
FIELD. [MANY "EXPERTS” HAVE A FAR BETTER REPUTATION THAN THEIR
ACTUAL ACCOMPLISHMENTS WARRANT. (CNSIDERATION $HOULD 3E GIVEN T0



WHETHER TOP PEOPLE TO BE SELECTED FOR SUCH ORGANIZATIONS FORESAW
THE PRESENT PROBLEMS AND TOOK STEPS TO HANDLE THEM IN PROGRAMS
FOR WHICH THEY WERE RESPONSIBLE BEFORE THEY ACHIEVED THE REPUTA-
TION 9F “EXPERTS”., [N OTHER WORDS, THEY SHOULD BE JUDGED ON
ACTIONS AND RESULTS, NOT CN VERBAL ABILITY. THE BIBLE SAYS IN

Beoveras “EVEN A CHILD IS KNOWN BY KIS DOINGS.... AND WHETHER IT BE
RIGHT",

2. THE CONCEPT OF PERSONAL RESPONSIBILITY MUST BE APPLIED.
FUNDAMENTAL TO THIS CONCEPT OF PERSONAL RESPONSIBILITY IN
NUCLEAR POWER OR ANY ENGINEERING ENDEAVOR S UNDERSTANDING AND
PROPERLY INTERPRETING TECHNICAL FACTS IN MAKING DECISIONS.
RELIANCE ON "MANAGEMENT TECHNIQUES” HAS BECOME RAMPANT THROUGH-
OUT GOVERNMENT AND INDUSTRY., SO LONG AS THE PEOPLE IN CHARGE
MAKE DECISIONS WITHOUT UNDERSTANDING THE TECHNICAL ISSUES, A LACK
OF PERSONAL RESPONSIBILITY WILL OBTAIN. HOW CAN ANYONE WHO DOES
NOT UNDERSTAND THE TECHNICAL ASPECTS OF WHAT HE 1S DOING REALLY
BE RESPONSIBLE OR FEEL PERSONALLY RESPONSIBLE? [F YOU XKNOW AN
AUTO MECHANIC WHO TAKES PERSONAL RESPONSIBILITY FOR HIS WORK,
ISN'T IT BECAUSE HE KNOWS EVERY FACET OF ENGINES AND HOW TO MAKE
THEM WORK? UNTIL THIS BASIC FACT IS RECOGNIZED AND ACCEPTED,

WE CANNOT REALLY GET PERSOMAL RESPONSIBILITY IN ANY TECHNICAL
AREA, WHILE | AM NOT PERSONALLY FAMILIAR WITH THE SPECIFICS,
NEWSPAPER ARTICLES SUGGEST THAT CURRENT PROBLEMS WITH THE NEW
YORK SUBWAYS CAME ABCUT BECAUSE NON-TECHNICAL MANAGEMENT OVER-
RULED THE ENGINEERS' TECHNICAL OBJECTIONS IN FAVOR OF SUPPQSED
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COST SAVINGS. THE COST OF REPAIRS IS REPORTED TO HAVE EXCEEDED

THE ESTIMATED SAVINGS ALREADY. WHEN THEY ARE SUBORDINATED IN
TECHNICAL MATTERS TO ACCOUNTANTS, BUSINESS MANAGERS, LAWYERS AND
BANKERS, TECHNICAL PEQPLE CANNOT BE EXPECTED TO EXERCISE PERSONAL 1
RESPONSIBILITY.,

3. THERE SHOULD BE A GOVERNMENT REPRESENTATIVE IN THE
CONTROL ROOM AT ALL TIMES WITH THE AUTHORITY TQ SHUT THE PLANT
DOWN [F HE BELIEVES THIS TO BE NECESSARY FOR SAFETY. | HAVE
ADVOCATED THIS FOR YEARS. [T PROVIDES AN INDEPENDENT'MONITOR
WHOSE SOLE CONCERN IS SAFETY,

4. ALL ACTIVITIES INVOLVED IN NUCLEAR POWER = UTILITIES,
REACTOR VENDORS, MANUFACTURERS, AND REGULATORY AGENCISS MUST
ESTABLISH AND RETAIN AS PERMANENT A STAFF AS POSSIBLE, SO LONG
AS THEY PERFORM WELL. THIS IS ESSENTIAL IN THE NUCLEAR 3USINESS
WHERE IT TAKES OVER TEM YEARS FROM THE TIME A PLANT IS ORDERED
UNTIL IT STARTS OPERATING = AND WHERE THE PLANT IS THEN EXPECTED
TO OPERATE SAFELY FOR ITS LIFE oF 30 10 40 YEARS. WITH PERMANENCE
YOU GAIN EXPERIENCE, JUDGEMENT, AND A “CORPORATE MEMORY” WHICH
ARE HARD TO REPLACE.

HOWEVER, YOU CANNOT PREDICATE YOUR PROGRAM ON THE BASIS THAT
PEQOPLE WILL NEVER LEAVE, BECAUSE THEY DO. [O ONE I!S INDISPENSABL:
NOR SHCULD ANY TECHNICAL EFFORT BE PREDICATED ON ANY INDIVIDUAL

BEING INDISPENSABLE. THAT IS WHY THERE MUST BE FORMAL DOCUMENTA~
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TION AND WHY THOROUGH TRAINING AND AUDITING PROGRAMS ARE

NECESSARY = SO THAT IEW PEOPLE CAN BE BRCUGHT IN WITHOUT COM-
PROMISING SAFETY., 10 RETAIN PEOPLE, THEY MUST BE PAID ADEQUATELY.

MloRE IMPORTANT, TO ATTRACT AND RETAIN GOOD TECHNICAL PEOPLE,

THEY MUST BE .<AINED AND GIVEN AUTHORITY AND RESPONSIBILITY. w
NOTHING CAUSES TECHNICAL PEOPLE TO LEAVE MORE QUICKLY THAN NOT ‘
BEING ABLE TO DO THEIR TECHNICAL JOBS PROPERLY. UNTIL ADEQUATE
RECOGNITION IS GIVEN TO TECHNICAL CNOMPETENCE, THE TURNOVER OF

PECPLE NEEDED FOR NUCLEAR POWER WILL BE GREATER THAN WARRANTED.

5. PLANT DESIGNS, EQUIFAENT, CONTROL ROOMS, TRAINING,

TC. SHOULD BE STANDARDIZED INSOFAR AS PRACTICABLE. [ DO NOT
KNOl+ HCW FAR IT IS POSSIBLE TC STANDARDIZE CONTROL ROOMS, INSTRU-
MENTATION AND OTHER FEATURES OF EXISTING PLANT DESIGNS SINCE THE
PLANTS THEMSELVES ARE NOT STANDARD. CERTAINLY IT SHOULD
BE POSSIBLE TO STANDARDIZE TYPES, COLORS AND SIGNIFICANCE OF
ALARMS, SWITCHES, ETC, ON NEW PLANTS, MUCH MORE STANDARDIZA-
TION IN ALL ASPECTS IRCLUDING REACTOR RATING SEEM PRACTICABLE.

TO THE EXTENT IT IS PRACTICABLE TO STANDARDIZE, TWO
DISTINCT BENEFITS WOULD RESULT. THE FIRST IS THAT A LARGER
NUMBER OF ENGINEERING MAN HOURS COULD BE APPLIED TO THE STANDARD
DESIGNS THAN TO EACH OF MANY DIFFERENT DESIGNS. THIS SHOULD
RESULT IN BETTER DESIGNS. THE QUALIFICATION, TEST PROGRAM,

DEVELOPMENT OF OPERATING PROCEDURES, OPERATIONAL MANUALS, TEST




PROCEDURES, AND CALIBRATION PROCEDURES SHOULD ALSO BENEEIT
FROM THE INCREASED ATTENTION., FURTHER, WITH A LARGER NUMBER
OF IDENTICAL OPERATING SYSTEMS, OPERATIONAL EXPERIENCE

WILL PROVIDE A VALUABLE SOURCE OF INFORMATION THAT CAN BE USED
TO I[MPROVE THE DESIGN AND PROCEDURES AND ESTABLISH A MORE
EFFECTIVE PREVENTIVE MAINTENANCE PROGRAM FOR ALL PLANTS.

THE SECOND BENEFIT OF STANDARDIZATION RELATES TO THE
TRAINING OF OPERATING AND INSPECTION PERSONNEL. THE USE OF
STANDARD DESIGNS WOULD MAKE IT POSSIBLE TO TRAIN OPERATING
PERSONNEL MORE EFFECTIVELY AND TO CONDUCT MORE EFFECTIVE AUDITS.

IN ADVOCATING MORE STANDARDIZATION [ AM NOT SAYING THAT
THERE SHOULD BE ONE SINGLE DESIGN. | HAVE STANDARDIZED IN MY
PROGRAM AS FAR AS PRACTICABLE, Even THEN WE HAVE A NUMBER OF
DESIGNS TO SUIT THE DIFFERENT POWER RATINGS AND SHIP TYPES AND
TO TAKE ADVANTAGE OF NEW DEVELOPMENTS AND TECHNOLOGY WHICH HAVE
BECOME AVAILABLE.

6. [MINIMIZE RELIANCE ON AUTOMATION AND COMPUTER CONTROL,
[ RECOGNIZE THAT THIS RUNS COUNTER TO THE BELIZE OF SOME, 3UT
MY EXPERIENCE 1S THAT PRIMARY RELIANCE FOR SAFELY OPERATING A
NUCLEAR POWER PLANT MUST BE PLACED ON THE OPERATOR. | AM NOT
AGAINST CCMPUTERS, THEY ARE IMPORTANT., FROM THE SARLIEZST DAYS
OF THE NAVAL REACTORS PROGRAM, THE MOST ADVNACED COMPUTERS HAVE
BEEN USED IN THE DESIGN AND ANALYSIS OF OUR PLANTS. BUT IN MY
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CONSIDERED CPINION, UNDUE RELIANCE ON AUTOMATICON AND COMPUTERS
FOR CONTROL CAN [MPAIR SAFETY,

THERE ARE SEVERAL REASC.S FOR THIS: FIRST, FOR A COMPUTER
TO OPERATE PROPERLY IT MUST BE PROGRAMMED PROPERLY. PROGRAMMING
IS A PRE-ESTABLISHED SET OF INSTRUCTIONS. FOR A COMPUTER TO BE
EFFECTIVE UNDER EMERGENCY CONDITIONS REQUIRES THAT THE CASUALTY
AND THE SEQUENCE OF INFORMATION EXPECTED FROM THE COMPUTER HAVE
BEEN DEFINED IN ADVANCE. MOST MAJOR PROBLEMS RESULT FROM
UNEXPECTED EVENTS WHICH CHANGED A PREDICTED EVENT INTO AN EVENT
OR SEQUENCE OF EVENTS NOT COVERED BY PREVIOUS EXPERIENCE.

IF IT 1S POSSIBLE TO PREDICT COMPLICATED CASUALTIES IN
ADVANCE, IT IS BETTER TO TAKE ACTION TO CORRECT THE DESIGN TO
PREVENT OR MODERATE THE CASUALTIES THAN TO ADD ADDITIONAL EQUIP-
MENT SUCH AS COMPUTERS TO TRY TO CONTROL THEM,

THE EMPHASIS SHOULD BE NOT ON MORE COMPLICATED AND
SCPHISTICATED CONTROL BUT ON DESIGNING AND BUILDING A SIMFLE,
STABLE PLANT. AN INHERENTLY STABLE REACTOR MAKES FEWER DEMANDS
ON THE CONTROL SYSTEM AND THE OPERATORS. THEREFORE, IT RESULTS
IN A SIMPLER MORE RELIABLE PLANT = ONE WITH A LARGE DEGREE OF
"FORGIVENESS" BUILT INTO IT., WITH SUCH A REACTOR, IT IS POSSIBLE
FOR AN OPERATOR TO DEVELOP A FEELING FOR PLANT PERFORMANCE AND
BEHAVIOR., HE CAN THEN RECOGNIZE ABNORMAL 3EHAVIOR AND HAVE
TIME TO INITIATE CORRECTIVE ACTIOCN,



SECOND, FOR CASUALTIES WHICH DO CCCUR, THE OPERATOR MUST
HAVE AVAILABLE, IN A MANNER HE CAN UNDERSTAND, INFORMATION
RELATING TO THE ESSENTIAL QLANT PARAMETERS., PLACING A COMPUTER
BETWEEN THE CPERATOR AND THE REACTOR PLANT IS EQUIVALENT TO
PLACING A FILTER BETWEEN THE OPERATOR AND THE CASUALTY. THIS
FILTER CAN PREVENT THt OPERATOR FROM HAVING ESSENTIAL INFORMA-
TION AVAILABLE.

IHIRD, ANY COMPUTERS USED CONSTITUTE ADDITIONAL SOURCES OF
ERROR OR MALFUNCTIONS WHICH CAN MISLEAD THE OPERATOR RELYING
ON THEM. THIS IS PARTICULARLY TRUE IN AN EMERGENCY WHEN THE
TIME TO TAKE CORRECTIVE MEASURES IS AT A MINIMUM. '

EINALLY, THE VERY EXISTENCE OF THE COMPUTER OR AUTOMATIC
TROL LEADS THE OPERATOR AND OTHERS INVOLVED IN OPERATION,

R
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DESIGN, AND TRAINING TC RELY ON THE "MAGIC” [T PROVIDES. THIS

©

VERTS NEEDED ATTENTION FROM OTHER AREAS.

IN THE FINAL ANALYSIS, WE MUST DEPEND ON HUMAN BEINGS.
NC MACHINE, INCLUDING A COMPUTER, CAN BE MORE PERFECT THAN THE
HUMAN BEINGS WHO DESIGNED IT, USE IT, OR RELY ON IT.

-

7. SIMPLIFY AND REDUCE THE SI7= OF CONT2QL R00MS, EVEN

RECOGNIZING THE DIFFERING REQUIREMENTS FOR NAVAL AND CIVILIAN
NUCLEAR POWER PLANTS THERE ARE SEVERAL THINGS | HAVE READ ABOUT
THE CONTROL ROOM AT THREE MILE [SLAND WHICH WERE A SURPRISE TO
ME. [ UNDERSTAND THAT MOST IF NOT ALL OF THEM WERE [DENTIFIZD
IN AN ELECTRIC Power ReszARCH INSTITUTE REPORT OF lovemper 1978

wrl
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TITLED "HuMan FACTORS REVIEW OF NucCLEAR PoweR PLANT ConTROL

Room DESIGN”. THE REPORT IDENTIFIED SUCH PROBLEMS AS PHYSICAL

SIZE OF THE CONTROL PANELS, NUMBER OF GAUGES AND ALARMS, ARRANGE-
MENT AND MARKING OF ALARMS, GAUGES AND CONTROLS. [T WOULD BE
WORTHWHILE TO LEARN WHAT ACTION WAS TAKEN AS A RESULT OF THAT
REPORT. IN THE NAVAL REACTORS PROGRAM, WE MINIMIZE THE NUMBER
AND TYPES OF INSTRUMENTS AND ALARMS NEE JED. THIS RESULTS IN

MUCH SMALLER CONTROL ROOMS.

8. Do NOT DIVIDE RESPONSIBILITY, FOK EXAMPLE, IT HAS
BEEN SUGGESTED THAT AN AGENCY OTHER THAN THE PLANT OWNER EMPLOY
THE OPERATORS OR THAT AN AGENCY OTHER THAN THE NUCLEZAR REGULATORY
Commisston (NRC) BE RESPONSIBLE FOR REGULATING OPERATOR TRAIN-
ING, [ DO NOT SUPPORT EITHER OF THESE PROPOSALS. CONTROL ROOM
OPERATORS SHOULD BE EMPLOYED BY THOSE WHO OWN AND OPERATE THE
PLANTS, RESPONSIBILITY FOR SELECTING AND TRAINING OPERATORS
SHOULD NOT 3E SEPARATED FROM RESPONSIBILITY FOR DESIGN,
MAINTENANCE, AND OPERATION OF THE PLANT. WITHIN THE EXISTING
FRAMEWORK IT SEEMS APPROPRIATE TO ME THAT THE NUCLZAR REGULATORY
COMMISSION ESTABLISH THE NECESSARY REQUIREMENTS FOR PERSONNEL
QUALIFICATION AND TRAINING. [T IS THEN UP TO THE UTILITIES TC
PROVIDE ADEGUATE TRAINING - SUBJECT TO NRC OVERSIGHT.

8. [T HAS BEZN SUGGESTED THAT ALL INSTRUMENTATION EOR
NUCLEAR POWER PLANTS BE REQUIRED TO 3& "DIRECT READING” AND



THAT ALL MONITORING SYSTEMS INDICATE WHETHER A CONTROL FUNCTION
ACTUALLY HAS BEEN PERFORMED - RATHER THAN WHETHER THE CONTROL
SIGNAL HAS BEEN GIVEN., | DO NOT AGREE WITH SUCH GENERALIZED
REQUIREMENTS ON SPECIFIC DESIGN FEATURES,

[NSTRUMENTATION USED FOR REACTOR PLANTS MUST BE RELIABLE
AND READILY MAINTAINED AND CALIBRATED., SOMETIMES, SO-CALLED
"DIRECT READING” INSTRUMENTATION CANNOT PROVIDE THE ABOVE
FEATURES, ALSO, SO-CALLED "DIRECT READING” INSTRUMENTATION CAN
B3E AS SUBJECT TO MISUNDERSTANDING OR FAILURE AS CAN ANY OTHER
INSTRUMENTATION. FOR EXAMPLE, REACTOR FLOW CAN BE MEASURED
"DIRECTLY” BY A FLOW METER - A METER WHICH, IN ACTUALITY,
MEASURES NOT FLOW BUT PRESSURE DROP ACROSS A SECTION OF PIPE =
OR IT CAN BE INFERRED BY MEASJREMENTS OF TEMPERATURE, PUMPING
POWER, OR PUMP SPEED, MEASURING THE FLOW DIRECTLY IS NOT
NECESSARY TO ASSURE SAFE OPERATION OF THE REACTOR AND REQUIRES
ADDITIONAL COMPLICATING EQUIPMENT AND INSTRUMENTS.

SIMILARLY, IT IS DESIRABLE IN MANY CASES THAT MONITORING
SYSTEMS INDICATE THAT A CONTROL FUNCTION HAS BEEN PERFORMED
RATHER THAN THAT THE COMMAND SIGNAL HAS BEEN SENT TO THE DEVICE
IN QUESTION. HOWEVER, IN SOME CASES, IT IS IMPRACTICABLE TO
PROVIDE THIS INDICATION, FOR THOSE CASES, OPERATING PERSONNEL
SHOULD BE TRAINED TO LOOK FOR OTHER INDICATIONS WHICH SHOW WHETHER
THE CONTROL FUNCTION HAS OCCURRED.

-



AGAIN, IT IS POSSIBLE TO PROVIDE TOO MUCH INSTRUMENTATION;
THIS WILL CONFUSE THE OPERATORS OR, [F THE INSTRUMENTATION IS NOT
RELIABLE, OPERATING PERSONNEL WILL DISTRUST IT AND NOT BELIEVE ITS
INDICATIONS WHEN THEY SHOULD.

WHAT INSTRUMENTS ARE REQUIRED TO ASSURE SAFE OPERATION OF THE
REACTOR MUST BE DETERMINED FOR EACH SPECIFIC REACTOR AND PLANT
DESIGN.

10, THE UTILITIES MUST PLAY THE MAJOR ROLE IN ACHIEVING EFFECTIVE
USE OF [MPROVED SPECIFICATION CODES AND STANDARDS. [ KNOW THERE ARE
SPECIFICATION AND STANDARDS PROGRAMS UNDERWAY FOR COMMERCIAL NUCLEAR
POWER. THERE ARE THREE THOUGHTS | WOULD LIKE TO GIVE YoUu RELATIVE
TO SUCH PROGRAMS:

EIRST, THERE IS NO USE HAVING SPECIFICATIONS, CODES OR STANDARDS
IF THEY ARE NOT INVOKED AND ENFORCED. [N FACT, IF THEY ARE NOT
ENFORCED, THEY ARE HARMFUL BECAUSE THEIR EXISTENCE IS CONSOLING TO
THOSE IN AUTHORITY AND GIVES THEM UNWARRANTED ASSURANCE, THERE
MUST BE AN EFFECTIVE WAY TO SEE THAT THE PROPER REQUIREMENTS ARE
IN FACT INVOKED AND ENFORCED, AND THAT THERE IS PROPER TECHNICAL
CONTROL OVER ANY WAIVER. [N THIS REGARD, THE CUSTOMER - THE
UTILITY = MUST TAKE THE LEAD.

SECOND, SPECIFICATIONS MUST BE KEPT UP-TO-DATE. KNOWLEDGE AND
TECHNCOLOGY ARE [NCREASING RAPIDLY. WE REVISE OUR SPECIFICATION
CODES AND STANDARDS PROMPTLY IN RESPONSE TO SPECIFIC PRCBLEMS OR
NEW INFORMATION, WE ALSOIREVIEW EVERY SPECIFICATION EVERY YEAR AND
WE FIND IT NECESSARY TO CHANGé ABOUT ONE THIRD OF THEM EACH YEAR,



IHIRD, MOST IF NOT ALL INDUSTRY CODES AND STANDARDS
REPRESENT A "CONSENSUS”., [N PRACTICE, THE SUPPLIERS, NOT THE
CUSTOMERS, DOMINATE DEVELOPMENT OF THESE STANDARDS. THAT MAY BE
PROPER FOR CLOTHES PINS AND LIGHT BULBS BUT NOT FOR NUCLEAR
POWER PLANTS. AS THE PERSON RESPONSIBLE FOR MNAVY PLANTS, |
HAVE HAD TO ESTABLISH REQUIREMENTS ON MATERIAL AND EQUIPMENT
WHICH OUR SUPPLIERS WOULD NOT AGREE TO MEET. INITIALLY, | HAD
TO TAKE THE RISK OF PAYING FOR AN ITEM ~ND THEN NOT USING IT
BECAUSE IT DID NOT MEET WHAT WAS REQUIRED. LATER, WHEN THE
SUPPLIERS HAD SEEN THAT THE REQUIREMENTS COULD BE MET, THEY
WOULD ACCEPT THEM. HOWEVER. IF | HAD WAITED FOR “CONSENSUS” ON
THE REQUIREMENTS OR RELIED ON EXISTING OR PROPOSED INDUSTRY
STANDARDS TO ASSURE ADEQUACY, | WOULD NEVER HAVE OBTAINED THE
NEEDED IMPROVEMENTS.

NAVY SPECIFICATIONS AND MANUALS ARE NOT DIRECTLY APPLICABLE
TO COMMERCIAL NUCLEAR POWER BECAUSE OF SPECIAL MILITARY REQUIRE-
MENTS., HOWEVER, THE PRINCIPLE THAT THE CUSTOMER MUST BE TECHNICALLY
KNCWLEDGEABLE AND BASE HIS SPECIFICATICNS ON WHAT IS NEEDED
DOES APPLY, ’

11. Do NOT SUCCUMB TO CALLS FOR MORE RESEZARCH AND DEVELOP-
MENT AS A RESPONSE TO THE THREE MILE [SLAND INCIDENT., THERE ARE
ALWAYS CONTRACTORS SEEKING LARGE SUMS OF FEDERAL MONEY TO SPEND ON
INTERESTING RESEARCH. BY SUPPORTING THAT IDEA WE CAN GIVE LIP
SERVICE TO THE PROBLEM AND PROMISE THAT BY OFFERING UP MONEY TODAY,



A SOLUTION WILL BE FOUND BY SOME R&D ORGANIZATION IN THE FUTURE.
But IN MY OPINION, SUCH ACTION WILL ONLY OBSCURE THE REAL PROBLEMS
AND DELAY THEIR SOLUTION,

SOME SPECIFIC AREAS MAY WARRANT RESEARCH AND DEVELOPMENT BUT
THAT IS A MINOR PART OF WHAT IS NEEDED., [F ANYTHING, THERE HAS
BEEN TOO MUCH EMPHASIS ON RESEARCH AND DEVELOPMENT IN NUCLEAR
POWER AND NOT ENOUGH ON THE LAILY DRUDGERY OF SEEING THAT EVERY
ASPECT OF NUCLEAR POWER IS IN FACT BEING PROPERLY HANDLED EVERY
DAY BY EACH OF THE ORGANIZATIONS INVOLVED. IHAT IS WHERE THE
EMPHASIS IS NEEDED.

ALL_HUMAN ACTS INVOLVE RISKS

[ WOULD LIKE TO MAKE A PHILOSOPHIC POINT W4ICH SHOULD BE
UNDERSTOOD.

MOTHING THAT WE DO IS WITHOUT RISK. FOR EXAMPLE, WE
ACCEPT THE INEVITABILITY OF AUTOMOBILE ACCIDENTS. SINCE THE
THREE MILE [SLAND ACCIDENT, WE HAVE SEEN THE CRASH OF A DC-10,
FAILURES IN MNEw YORK SUBWAYS, RELEASE OF TOXIC MATERIAL FROM
TRAIN ACCIDENTS, AND MANY OTHER RESULTS OF MAN'S ACTIONS. SEVERAL
OF THESE INCIDENTS RESULTED IN LOSS OF HUMAN LIFE., SOME WAvE
INVOLVED EVACUATION OF ADJACENT AREAS,



EVEN SUCH WIDELY HERALDED CONSIDERATIONS AS THE LANG LIFE
OF NUCLEAR WASTES AND THE POSSIBILITY OF GENETIC EFFECTS IN FUTURE
GENERATIONS ARE NOT UNIQUE TO NUCLEAR PCWER., THERE IS INCREASING
RECOGNITION THAT FOSSIL FUELS MAY CAUSE A PERMANENT ADVERSE CHANGE
IN OUR CLIMATE DUE TO THE PRODUCTION OF CARBON DIOXIDE = THE
"GREENHOUSE"” EFFECT., THE APPARENT "LIFETIME” OF CARBON DIOXIDE
IS LONG IN TERMS OF OUR OWN LIFE 3PAN AND THE GQUANTITIES INVOLVED
ARE FAR GREATER THAN THE GQUANTITY OF RADIOACTIVE WASTE. TO MY
KNOWLEDGE, THERE IS NO EFFORT UNDERWAY EVEN TO ATTEMPT TO ISOLATE
SUCH WASTES FROM THE ENVIRONMENT.

ALso, | UNDERSTAND, MANY OF THE CHEMICAL SUBSTANCES WIDELY
USED TODAY HAVE POTENTIAL GENETIC EFFECTS WITH IMPLIZATIONS FOR
FUTURE GENERATIONS,

NUCLEAR PCWER INVOLVES POTENTIAL RISKS TO LARGE NUMBERS OF
PEOPLE. [T WOULD BE WRONG TO IGNORE THOSE RISKS OR TO IMPLY
THAT THEY CAN BE REDUCED TO ZERO. YOU CANNOT MORALIZE TECHNOLOGY.
YOU CAN ALWAYS FIND WHERE HUMAN BEINGS HAVE ERRED. HOWEVER, THE
CARE AND ATTENTION WHICH HAVE BEEN DEVOTED TO MINIMIZING THE
RISKS OF NUCLEAR POWER HAVE BEEN GREAT. THE REAL QUESTIONS ARE -
WHAT MORE CAN AND SHOULD BE DOUNE TO REDUCE THE RISKS?
HOW CAN WE ASSURE THE NEEDED ACTIONS ARE IN FACT CARRIED oOuT?
ARE THE REMAINING RISKS WORTH THE 3ENEFITS?

Ay
~J



DECISION OM MUCIFAR POV

NUCLEAR POWER IS DIFFICULT TO DEAL WITH, [T INVOLVES
ENERGY = A VITAL ELEMENT IN OUR LIFE TODAY. [T INVOLVES
INDIVIDUALS' CONCERNS FOR THEMSELVES AND THEIR FAMILIES, AND IT
IS A HIGHLY TECHNICAL, SOPHISTICATED TECHNOLOGY, ULTIMATELY,
THE DECISION AS TO WHETHER WE WILL HAVE NUCLEAR POWER IS A
POLITICAL ONE = [N THE TRUE SENSE OF THE WORD - THAT S, ONE
MADE BY THE PEOPLE THROUGH THEIR ELECTED REPRESENTATIVES., IT IS
ESSENTIAL THAT THE DECISION BE MADE ON THE BASIS OF FACT, NOT
RHETORIC, NOR CONJECTURE OR HOPE, OR AS A RESULT OF THE WIDE-
SPREAD TENDENCY TO SENSATIONALIZE THE CURRENT TOPIC AND IGNORE
THE TRUE LIMITS OR RISKS OF THE ALTERNAT'VES,

[ AM NOT AN EXPERT OR SPECIFICALLY KNOWLEDGEABLZ AZOUT
ENVIRONMENTAL EFFECTS OF OTHER FORMS OF POWER GENERATION.
HOWEVER, [ AM AWARE THAT KNOWLEDGEABLE PEOPLE HAVE CONCLUDED
THAT THE TOTAL RISK INVOLVED IN THE USE OF NUCLEAR PQOWER IS NO
GREATER THAN THAT OF ANY ALTERNATE SOURCE WHICH CAN 3E TAPPED
IN THE NEXT FEW DECADES.

| REMEMBER THE OPTIMISTIC PROJECTIONS MADE FOR NUCLEAR
PCWER WHEN IT WAS FIRST BEING DEVELOPED., THESE SPRANG FROM HOPE
AND FROM IGNORANCE OF THE ENGINEERING FPROBLEMS THAT WOULD BE
ENCOUNTERED IN USING NUCLZAR POWER., THERE IS NO REASON TO
BELIZVE THAT CURRENT OPTIMISTIC PROJECTIONS FOR ALTERNATE MEANS
OF PROVIDING LARGE AMOUNTS OF POWER ARE MORE PRECISE., TODAY, MANY
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ARE TALKING OF THE EXTENSIVE USE CF COAL WITHOUT ADDRESSING
THE PROBLEMS OF MINING, TRANSPORTATION, AND SAFETY, THOSE WHO
ENVISION SOLAR AND OTHER SO-CALLED “NATURAL" SOURCES OF ENERGY
WITHOUT CONSIDERING THEIR INHERENT LIMITATIONS AND THE DEMANDS
THEY MAKE ON OTHER RESOURCES; THOSE WHO ADVOCATE EXPLOITATION
OF SHALE OIL DEPOSITS WITHOUT MENTIONING THE VAST AMOUNTS OF
WATER REQUIRED. ANY LARGE-SCALE GENERATION OF POWER INVOLVES
MAJOR ENGINEERING DIFFICULTIES AND POTENTIAL ENVIRONMENTAL
IMPACTS, HUCLEAR POWER IS NOT UNIQUE IN THIS RESPECT,

YOUR JOB IS NOT EASY, | HOPE YOU WILL FIND THE WISDCM
TO MAKE THE RIGHT JUDGEMENTS AND RECOMMENDATIONS. | ALSO HOPE
THAT MY COMMENTS WILL CONTRIBUTE TO YOUR DELIBERATIONS.

[N CLOSING, [ WANT TO POINT QUT THE DEST | OWE TO THE MANY,
MANY PEOPLE WHO HAVE SUPPORTED ME AND THE MAVAL NuCLEAR PRoOGRAM
OVER THE YEARS., WITHOUT THE SUPPORT OF CONGRESS, PARTICULARLY
THE JOINT CoMMITTEE ON ATOMIC ENERGY, THERE WOULD NOT BE A
NUCLEAR MAVY AS WE KNOW IT TODAY.

SIMILARLY, [ HAVE BFEN GIVEN STRONG SUPPORT 3Y THE DEPART-
MENT OF ENERGY AND ITS PREDECES®OR AGENCIES, THE ENERGY RESEZARCH
AND DEVELOPMENT ADMINISTRATION AND THE ATOMIc ENERGY COMMISSION.
OfF THOSE IN THE DEPARTMENT OF ENERGY, | SHOULD MENTION
PARTICULARLY DR. ScHLEsINGER, Dr. DeutcH, Mr. Mygrs anp MR,




FERGUSON WHOSE SUPPORT HAS BEEN AND CONTINUES TO BE INVALUABLE.

THE DIRECT ROLE OF THE DEPARTMENT OF ENERGY IN THE MNAVAL
REACTORS PROGRAM HAS BEEN AND WILL CONTINUE TO BE ESSENTIAL IF
WE ARE TO MAINTAIN THE SAFETY AND THE ENVIRONMENTAL ACCEPTABILITY
oF THE NAvAL NucLzAR PrOGRAM,




