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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

....................................... +
In the matter of: :

CAROLINA POWER AND LIGHT COMPANY : Docket Nos. 50-400

and NORTH CAROLINA EASTERN MUNICIPAL $ 50-401
POWER AGENCY H
(Shearon Harris Nuclear Power Plant, :
Units 1 and 2.) :
....................................... +
ECU Room,

Ramada Inn, U.S. 1 South
Apex, North Carolina 27502

Tuesday, 16 October 1984

The hearing in the above-entitled matter was

convened, pursuant to adjournment, at 9:00 a.m.

BEFORE :

APPEARANCES:

JAMES L. KELLEY, Esg., Chairman,
Atomic Safety and Licensing Board.

DR. JAMCS H. CARPENTER, Member.

DR. GLENN O. BRIGHT, Meiber.

(As heretofore noted.)
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PROCEEDINGS

JUDGE KELLEY: Good morning. My name is James

3 Kelley. I am the lawyer-chairman of this Atomic Safety

4 and Licensing Board panel.

s On my right is Judge Glenn Bright. On my left is

: Judge James Carpenter.

7 Why don't we begin with the introductions of

3 Counsel and parties around the table.

9 Do you want to start, Mr. Eddleman?

10 MR. EDDLEMAN: I am Wells Eddleman, representing

" myself.

12 MR. RUNKLE: My name is John Runkle. I represent
' 13 the Conservation Council of North Carolina.

14 MS. MOORE: My name is Janice Moore, representing

15 the NRC Staff.

16 With me is Charles Barth, also representing the

17|l NRC staff.

18 JUDGE KELLEY: And the gentleman on your right?

19 MS. MOORE: That is Mr. Marsh, one of the Staff's

20 witnesses.

21 MR. BAXTER: Appearing on behalf of the Applicant,
‘ 22 I am Thomas A. Baxter.

23 To my left is Samantha Frances Flynn.

2 Tq my right is John H. O'Neill, Jr., and to

Ace-Federsl Reporters, Inc.
25 Mr. O'Neill's rignt is Pamela H. Anderson.
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Mrs. Flynn is Associate General Counsel of Carolina
Power and Light Company, and the rest of us are with the law
firm, Shaw, Pittman, Potts and Trowbridge.

JUDGE KELLEY: Thank you.

This is the second sesuion of the safety phase of
the operating license hearings. We have a slightly revised
order of contentions.

The Applicants supplied us and the parties this
morning with a two-page document entitled "Order of
Testimony Presentation - October 16th Hearing," and I will
just tick off the contentions themselves.

Joint Contention VII, Part 4, will be first,
concerning steam generator tube rupture analysis.

zddleman 116 on fire protecticn is next, followed
by Eddleman 9 on electrical equipment environmental
qualifications, followed by Eddleman 65, containment concrete,
followed by Eddleman 41, pipe hanger welding and finally
Joint Contention IV on thermal lumenescent dosimeters.

In our prior hearings on environmental issues in
the first part of the safety hearing, namely, the
management hearing, we have been following more or less
conventional procedural groundrules. I will just mention them
briefly.

I might note first that the written testimony,

the written direct testimony and the exhibits in connection

|
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with the testimony has already been filed in advance. Our
order of presentation of direct cases will be the Applicants
first, the Intervenors, on the contentions where they are
going to put on a direct case, and the NRC Staff would be
last.

Our order of examination >r cross-examination would
be as follows. It varies of course, depending on whose case
is involved but as an example, on the Applicants' case,
the Intervenors would question first, cross-examine first, and
the Staff would cross-examine next, followed by questions from
the Board, followed by any recross from the Intervenors on
new matters raised Ly either the Staff or the Board, and
followed by the Applicants' opportunity for redirect. And
there can be some recross/redirect after that in particular

situations.

By way of procedural preliminaries, I think the
lawyers -- I might just add I think the lawyers have done a
good job in the case over the past many months in working
things out in advance, and we have not had to do an awful lot
of procedural discussion and sparring when we come to these
hearing sessions., And that is all to the good.

We have done that here again, as we understand it,
so there is not a great deal we need to go over.

I believe the Staff had a word for us on one of

their potential witnesses.

|
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Mrs. Moore?

MRS. MOORE: Yes. This matter concerns Jnint
Contention IV which is the TLD issue.

At the end of the last hearing the Board asked what
witnesses would be presenting testimony, and we stated at
that time that we did not intend to present the testimony
of Dr. Philip Plato, and indeed, in our testimony that we
filed, Dr. Plato is not one of our witness. . However, the
Board did express an interest in hearing from Dr. Plato, and
we did some investigation and found out that he could be made
available if the Board wished it in light of the testimony
that they have already received.

But it would necessitate a little bit of a
scheduling problem.

Dr. Plato is only available up through November
2nd. He is unavailable in the week of November 6th, which
is the now presently scheduled last week of the hearing. And
I would like to know the Board's wishes on this matter. If
the Board does not wish to have him, we don't intend to offer
him as a witness.

JUDGE KELLEY: Well, since we of course are in
search of the truth, it is awfully hard to turn down an
opportunity to talk to somebody named . lato.

(Laughter.)

I think it is going to be something that my
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colleagues will primarily determine.

I wonder if as we get through this first contention
we might ke in a better position to say whether we want to
hear from him especially or not.

Can you indicate what his particular expertise
wc .ld be on this contention, what area?

MRS. MOORE: Well, Dr. Plato was principal author
of the document which was referred to by the Board in its
order concerning this hearing. The NUREG number right now
escapes me, but it is the NUREG that involves the data
concerning Harris TLDs. He was one of the people that worked
on that document.

The Staff believes that its testimony provides
information that the Board needs, but the Board did express
an interest and that is why we are raising this matter at
this moment, and also to let Dr. Plato know whether he will
be required.

JUDGE KELLEY: Excuse me just a minute.

(The Board conferring.)

JUDGE KELLEY: We will try to give you a better
indication later today or tomorrow. Is that all right?

MRS, MOORE: That's fine.

JUDGE KELLEY: Thank you.

And I believe that Mr. Runkle indicated in our

informal conference up at the bench before we started we did
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have a pending Freedom of Information Act request from the
Intervenors to the NRC, I gather.

Is that right, Mr. Runkle?

MR. RUNKLE: Yes, sir.

JUDGE KELLEY: And that was pending at the time we
closed the record on the management contention, but we did
explicitly contemplate the possibility that there might be
further documentation forthcoming and that we might, if
appropriate, reopen to let in some further paper.

Are you going to bring us up to date on the status
of that?

MR. RUNKLE: Yes, sir.

In the letter dated September l4th, and it was
a’so put into the Public Document Room up ‘n D. C., were
some 52 documents relating to the SALP reports, and these
were material that was released. A lot of the stuff was
things that had already been entered into the record on the

violations, copies of the SALP reports, but some of the

analysis behind it and suggestions and memoranda and that kind

of thing, and most of it related only to Harris rather than

Brunswick and Robinson.

We received on September 25th a listing of that
information which would at this time probably be denied, and
it contains some 64 documents relating to the SALP reports

and Robinson and Brunswick that were described as
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unreleasable material, and another 20 that were called draft

material to be withheld. And the agency is still processing
this request.

I would be glad to submit both these lists to the
Board just to show what kind of information we requested and
what kind is still in the works that we may or may not get.

JUDGE KELLEY: Okay. That's fine.

MR. EDDLEMAN: If I might, I would just like to state

for the record that I filed the FOIA request for all these
reports on the 3rd of August, and the first response was 14
September, and I think this is outside the statutory deadlines
of the NRC's own procedures responding to these things. And
I would just like to indicate that we followed them as fast
as we can on it when it has been our turn to ask for things.
But the response has not been forthcoming in a timely manner.

JUDGE KELLEY: Any comment from the Staff on that?

MR. BARTH: Your Honor, we are aware of both
letters. The first letter I sent to everybody in the room
here shows the documents that had been released and put in
the Public Document Room. And the agency is basically
withholding the predecisional docunents on the SALPs which
is authorized, in our view, under the Freedom of Information
Act.

As to the second letter to which Mr. Runkle has

alluded, I really don't see any reason to put these things

|
|
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|
|
|
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|
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|
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in the record as evidence. They are certainly not relevant to

anythinag so far.

JUDGE KELLEY: I'm not clear I guess on one point
now. I thought I understood Mr. Runkle to say that the
request was essentially pending and was still being processed,
but have some of these documeats at least -- has the request
been denied 2s to some of them on the ground that they are

predecisional?

MR. BARTH: On approximately 60 to 65 of the
documents, your Honor, which basically emanated from the
Atlanta Regional Office and are the predecisional documents ;
relating to the SAL” from that office. !

JUDGE KELLEY: There has been a denial as to those??

MR. BARTH: The denial is not officizl. ’
Mr. Eddleman was informed what would be denied. The formality
of sending a letter from the agency denying has not been done,
but he has been informed what documents will be denied, your
Honor.

JUDGE KELLEY: So it is technically pending but
there is a rather strong signal that has been put out to the
effect that there will be a denial. 1Is that correct?

MR. BARTH: Yes, your Honor, you're correct.

JUDGE KELLEY: Well, putting to ~ie side-- I

understand your point, Mr. Eddleman, about timing and we know

that the FOIA requires a ten-day turn-around except in
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certain circumstances, and so on, but from our standpeint as

a Board considering an issue, your desire, as I understand

it, the desire of the Joint Intervenors was to get in certain
of this documentation into the record so it could be

considered in relation to our decision on management. Correct?

MR. RUNKLE: Yes, your Honor.

JUDGE KELLEY: So if we are still a good long ways
from the filing of proposed findings stage, even though it may
be late into the FOI it isn't yet causing us any problem, is
it?

MR. EDDLEMAN: It is not causing the Board a
problem. It is certainly causing us a problem. I have not
actually received, unless it came in yesterday at my office,
the written statement that this stuff is probably going to be
denied. If Mr. Runkle has it, I haven't got it, and I am
the requeste., or I'm one of the requesters.

What I'm getting at is that sure, you know, the
Board doesn't need it until findings are due. That's
certainly true.

JUDGE KELLEY: That's right.

MR. EDDLEMAN: But we need it in order to prepare
the findings. And what we are going toc have to do -~ it's
very obvious -- to get anything on Brunswich and Robinson ==
and this is the thing that -- I mean anything that has not

been released which is just the SALPs themselves, on the
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others, as I understand it, we're going to have to go through

an appeal.

And the last time I filed an appeal it took -- oh,
I think about 45 days to get an answer. If you don't like the
answer you've got to go to the federal court. I think it is
working prejudice to our case to not have the documents in
hand. If we have them in hand it may turn out they are not
useful to us, and that will be the end of it. Okay?

But to the extent that any of this information may
be useful, we are being prejudiced by this stuff not coming
forward in a timely manner.

JUDGE KELLEY: So if you got put under a limit with

which to file findings you might find yourself in a squeeze.

.“_L;ymhig___uw

Is that what it comes down to?

MR. EDDLEMAN: Yes, sir.

JUDGE KELLEY: Well, maybe for this morning at
least we ought to, you know, register the problem. As I am
sure you are aware, the Board's control over this process
in any direct way is I think kind of limited in the sense that
it's an FOI, you know, and it is up to the Sstaff. It is not
discovery. We can control discovery.

It is discovery in the sense that people use the
FOI for discovery. Everybody does. It is a perfectly
legitimate thing to do, but the Board does not control it in

a direct way. We do control, you know, time for findings and
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things like that.

I think I understand basically what is going on. l

l
Would it be possible-- I think it would be helpful

to us to just -- whatever correspondence you've got on this
point, if you'll give us a xerox copy so that this will be
something we could look at and get a better handle on what

is going on, that would be helpful. And serve anybody who

doesn't have a copy also.

MR. RUNKLE: We would be glad to do that. That was |
our intent. This was just for informational purposes and
not to be put into evidence.

JUDGE KELLEY: Surely. f

MRS, FLYNN: Mr., Chairman,-- E

JUDGE KELLEY: Can I make one other point? Well, |
why don't you go ahead.

MRS. FLYNN: Applicants have two points to make.

First, as we pointed out at the last session, this
is entirely beyond the Applicants' control as well, and
whether or not the Freedom of Information Act request is
granted or denied, and whether Intervenors take an appeal,

that should not impede the schedule for proposed findings and

concluszions,

If “here is a need in the Intervenors' mind to
move to reopen the record, that can be done at any time,

whether proposed findings are filed or not.
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Second. this is somethinyg we did not mention at
the last time. We thought it was implicit, but I think we
should ask for some clarification now and a ruling that in
the event that the Intervenors want to move to reopen the
record with respect to any documents, those that have already
been filed -- those that have already been received by them
or any that may be subsequentlv received, that a time limit
be set within which, from the date of receipt, they have an
cbligation “o file such a motion.

JUDGE KELLEY: Maybe so. What don't you let us
think about this a little bit.

Let me just add that not only to we have limited
control, we don't have any direct control over FOI responses
and there can be a problem arise when you have the FOI and
its operations in effect controlling litigation.

Somebody says I don't want to do snomething or
other, whether it is filing a motion or filing findings or
doing anything, until I get an FOI response. The Board's
general reaction is that's between you and the agency, that
is not our problem., But not necessarily.

We can take into account the fact that this is a
way of getting information.

It seems to me to be premature for us to do
anything this morning about this particular problem. We don't

have a time for filing findings, for example. But if you
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would give us the correspondence, we can at least get a firmer
handle on it, and we can bear in mind possible impacts of
allowing the FOI sort of tail to wag our dog. We don't want
that to happen.

Why don't we wait a little bit so I can at least
see the correspondence and think about it a little bit.

MRS. FLYNN: All right.

JUDGE KELLEY: I understand your concern and you

won't be prejudiced in your opportunity to make a motion.

But rather than carry it any further this morning, why don't i
ve let it si* for now, and perhaps we can work out a sort of
reasonable way to solve the problem without prejudicing
anybody.

MRS. FLYNN: Thank you. |

JUDGE KELLEY: Is there anything else that we shoul&
discuss this morning before turning to the Contention V7I and
our first witness?

(No response.)

JUDGE KELLEY: Who is calling-~

MR. O'NEILL: Your Honor, if I might make a

statement before calling the witness?
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Joint Contention 7 was admitted by stipulation at
the prehearing conference in March of 1982. As admitted,

Joint Contention 7 addressec four issues. One, vibration

problems in Model D, Westinghouse steam generators. Secondly,

tube corrosion and cracking in AVT water chemistry environment.
Third, detection of loose parts. And four, tube failure
analyses.

Later, in January 1984, Mr. Edelman proposed
contention 180, which related to an SER open item on the
operator response time for steam generator tube failure
analyses. The Board ruled on March 8, 1984 in a conference
call that Edelman Proposed Contention 180 was incorporated
into part four of Joint I.atervenor Contention 7.

May 16, 1984, Applicant's moved for summary
disposition of parts one, two, and three of Joint Intervenor
Contention 7. The Staff supported Applicant's motion, and the
Boara ruled on July 12, 1984 in favor of Applicant's motion
and dismissed parts one, two, and three of Joint Intervenor
Contention 7.

Applicant's motion for summary disposition was
supported by affidavits of Thomas Timmons, William Wilke,

Glen Lang, Ellen B. Cutter, and Michael Hitchler, who is our
witness here today.

The factual information in his affidavits was not

controverted by the Joint Intervenors or Mr. Edelman.




Applicants and Joint Intervenors entered into an
agreement of settlement, dated July 23, 1984, with respect to
the issue raised by Proposed Edelman Contention 180 on
operator response time. The Board, on July 27, 1984,
approved that stipulation of settlement and dismissed and
disposed of the issue relating to operator response time.

Thus the only issue before this Board and this
proceeding is as set forth in footnote 1, on page 3, of the
stipulated agreement of settlement dated July 23, 1984, and
that is that Applicants have failed tn consider multiple
tube ruptures in their steam generacor tube rupture analysis.

With that background, Applicants would call Michael J
Hitchler as our first witness.

JUDGE KELLEY: Thank you.

Whereupon,
MICHAEL J. HITCHLER
was called as a witness and, having been first duly sworr,
was examined and testified as follows:
DIRECT EXAMINATION
BY MR. O'NEILL:
Q Mr. Hitchler, do you have before you a copy of the
written statement that was filed with the Board on August 9,

1984, in response to Joint Intervenor Contention 7(4).

A I do.

Will you please identify that gtatement for the recorb?
|

I
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A It's dated August 9, 1984 and it's Applicant's

testimony of Michael J. Hitchler in response to Joint Intervenor's

Contention 7, part 4 (Steam Generator Tube Rupture Analysis).
Q Mr. Hitchler, would you please talk into the
microphone a little closer? Thank you.

Does that written statement consist of 13 pages of
guestions and answers, eight tables, a four-page attachment,
and a figure A-1?

A It does.

Q Was this testimony and the attachment prepared by
you or under your direct supervision?

A It was.

Q Do you have any changes or corrections tomake to
this written statement at this time?

A I do not.

Q Is this statement true and accurate to the best of }
your knowledge, information, and belief?

A It is.

Q Mr. Hitchler, did you also prepare an affidavit that
was filed with Applicant's motion for summary disposition of i
Joint Intervenor Contention 7, parts one, two, and three?

A I did.

Q Is there any statement in that affidavit that you !

wish to clarify at this time?

A Yes. Several numbers were inadvertently switched |




4012

WRB 4
/PP | in doing the analysis for the affidavit for summary disposition

2 Those transpositions have been corrected and are correct in the
3 August 8th submittal of my testimony.
4 The bottom line numbers, though, do not change, nor
< do any of my conclusions.
'y MR. O'NEILL: Mr. Chairman, I would move that the
7 testimony of Michael J. Hitchler, including tables 1 through
8 8, attachment A, figure A-1 be incorporated into the record
9 as if read and be received into evidence.
10 JUDGE KELLEY: There is no objection? Staff?
n MRS.MOORE: No objection.
12 JUDGE KELLEY: Motion granted. 1It'll be bound into
‘ 13 the record and the evidence is admitted.

14 MR. O'NEILL: Thank you, sir.

15 (The document follows.)

16
17
18
9
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UNITED STATES OF AMERICA
& NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)
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MUNICIPAL POWER AGENCY )
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(Shearon Harris Nuclear Power Plant) )
. APPLICANTS' TESTIMONY OF MICHAEL J. HITCHLER
IN RESPONSE TO ng_dT INTERVENORS CONTENTION VII (4)
(STEAM GENERATOR TUBE RUPTURE ANALYSIS)
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Q.1 Please state your name, address, present occupation and employer.

A.1 My name s MICHALL JOMN HITCHLER. [ am Manager of Plant Risk
Analysis with the Nuclear Safety Department of westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230.

Q.2 State your educational background and professional work experience.

A.2 1 was graduated from Lowell Technological Institute in 1974 with a
Bachelor of Science Degree in Nuclear and Mechanical Engineering and from
Carnegie-Mellon University in 1978 with a Master of Science Degree in
Mechanical Engineering.

I have published five articles in various technical periodicals and have
authored or coauthored eight Westinghouse reports which pertained to reactor
accident analyses, emergency/abnormal operating instruction development and
probabilistic risk analyses.

I joined Westinghouse in June 1975 as an Engineer. [ was promoted to
Senifor Engineer in December 1978. My responsibilities during that time
included performing accident analyses for use in licensing documents. I have
served as a Westinghouse liaison with the NRC, architect engineers and
utilities for issues concerning reactor protection system design
requirements. My specific areas of specialization included core and systems
response to transients initiated in the primary system, development of
methodology for safety analysis of reload cores, and simulation of actual
plant transients for computer verification purposes. 1 also had the lead
responsibility for the transfer of the above technology to varfous utility
customers. This responsibility included the structuring of classroom as well

as on-the-job training for a number of utility personnel.



In June 1981, ! was assigned responsibilities in the risk assessment
area. These responsibilities involved tha development and implementation of
strategic programs to enhance and to apply risk assessment technology for use
in nuclear power plant design and licensing. This work included development
and quantification of event *trees for use by the Westinghouse Owner's Group in
reviewing emergency and abnormal operating procedures as part of its response
to post TMI issues. [ assisted in the development and review of Auxiliary
Feedwater System Reliability Studies for three nuclear plants,

In October 1981, I was promoted to the position of Manager, Probabilistic
Risk Assessment (PRA) Group. [ presently have lead responsibility for a
probabilistic risk study of two non-domestic, pre-construction nuclear
stations, which includes development of a risk baseline and an assessment of
potential design alternatives. [ have also worked on three domestic station
risk studies, contributing extensively in the following areas: plant and
containment event tree construction, systems success criteria for fault tree
developmert, external (seismic, wind, fire, etc.) event analysis and review of
the results seciions,

I am a member of the American Nuclear Society (ANS) and the American
Society of Mechanical Engineers. 1 served on two ANS Standards committees and
contributed to several Atomic Industrial Forum (AIF) and Institute of
Electrica) and Electronics Engineers (1EEE) committees on development of risk
criteria and utilization of PRA approach to licensing.

0.3 Please elaborate on your professional experience that s directly
relevant to the testimony which you are presenting regarding steam generator

tube rupture events.



A.3 ! nave been involved in developing probabilistic models to quantify
the frecuency of steam generator tube rupture events, and their consequences
in terms of core melt frequency and public risk, since 1982. [ have directed
the performance of PRA analyses of tube rupture events for the Byron,
Millstone 3, Sizewel)l B (British), and PUN (Italian) nuclear power stations.

0.4 what is the purpose of your testimony?

A.4 The purpose of my testimony is to address the one remaining issue in
this proceeding raised by Joint Intervenors Contention VII -- {.e., the
allegation that Applicants' steam generator tube rupture analysis found in the
Final Safety Analysis Report s inadequate because it fails to consider
muitiple tube rupture events,

0.5 Describe the steam generator tube rupture event that is analyzed by
Applicants in the Harris Plant Final Safety Analysis Report (FSAR).

A.5 The Harris FSAR contains an analysis of a single double-ended rupture
of & steam generator tibe, consistent with Section 15.6.3 of the NRC "Standard
Review Plan," NUREG-0800, Revision 3.

0.6 Steam generator tube rrpture events are defined as "Condition IV*
events in Section 15.0 of the Harris FSAR. What is a Condition IV event?

A.6 "Condition IV* events are defined as faults which are not expected to
take place during the 1ifetime of the plant. In other words, the frequency of
these events 1s judged to be less than once in 40 years, or less than 2.5 x
10°% per year.

0.7 Is this characterizat on of a steam generator tube rupture as a

Condition IV event consistent with the operating history of Westinghouse

pressurized water reactors (PWR)?




A.7 This characterization is consistent with PWR pertormance in the
approximately 233 plant years of experience to date. As I will explain below,
based on historical experience alone, the freguency of steam genarator tube
ruptures is predicted to be no more than once in 45 years cof operation.

Q.8 What is the total number of tube years of experience in
westinghouse-design nuclear plants with Inconel steam generator tubes similar
to the tubes in the Harris Plant steam generators?

A.8 The total number of tube years of experience in Westinghouse-design
plants with Inconel steam generator tubes was determined, based on data
through July 1983, as shown in Tables 1 through 6.

These tables cover different categories of plants and set forth plant
designation, number of tubes, date of commercial operation, and total calendar
years between beginning of commercial operation and July 1983. The data in
these tadbles show a total of over four million tube years of experience since
the beginning of commercial operation. For purposes of our analysis here,
these data were discounted 10 percent to 3.6 million tube years.

0.9 How many tube rupture events have actually occurred in Westinghouse~
design nuc1;ar plant steam generators?

A.9 Table 7 presents a 1ist of tube rupture events that have occurred in
Westinghouse steam generators. A1l five of these events had flow rates large
enough to cause plant trip and initiate safety injection. Only one event,
however, had a flow rate that even approximates a full double-ended tube

rupture as described in the FSAR; the other four events were much smaller in

magnitude.




Q.10 Based on this historical data alone, what wou'ld be the predicted
failure rate for steam generator tubes in Westinghouse type PWRs?

A.10 with five tube ruptures in an experience base of 3.6 x 106 tube
years, the experienced tube rupture failure rate would be A = 5 + (3.6 x
\06) = 1.4 x 10’6/tube-yoar or, using Chi-square tables, the 50 percent

confidence value would be

11.34 = 1.6 x lO“/tubc-yoar

\ -
50 percent 5 . 1 6 x 10°

with upper and lower 95 percent confidence limits of

m >k> m
2 x 3.6 x 10° 2 x 3.6 x10

-4 per tube-year

2.9 1078 > 12 0.73 x 10

Based on this calculation, the tube failure rate derived from experience
is 1.6 x 10"/tubo-yolr. This 1s equivalent to the figure of one failure in
45 years that I mentioned previously. [t could be as low as 0.73 x 10" or
as high as 2.9 x 10" per tube-year.

Q.11 1Is there any reason to believe that the steam generator tube
failure rate for the Harris Plant steam generators is likely to be better than
the historical average?

A.11 VYes, because of advances in the state of the art in the design,
operation, and inspection of steam generators, it is believed that nuclear

plants utilizing Mode! D steam generators, such as Shearon Harris will be



Tess likely to experience steam generator tube failure. Cogent reasons can De
given as to wny certain of the five tube ruptures experienced to date should
not occur in the Mode) D steam generators since the operating condii.ions at
certain of the plants which have experienced tube ruptures are not applicable
to the Harris Plant. Cogent reasons can also be given as to why the
occurrence rate should be substantially less because of design and inspection
advancements. These are doscribed below.

0.12 What were the causes of the five steam generator tube rupture
events experiened in Westinghouse-design plants?

A.12 At Plant !‘ in February 1975, phosphate wastage had thinned
tubes in a zone just above the tubesheet where sludge had collected. In
addition to thinning, some stress corrosion cracking was also present. The
events at Plant [ in September 1976, and Plant bb in June 1979, show some
similarities.

In both cases, the tubes had suffered stress corrosion cracking starting
from the primary side. At Plant [, this was due to denting accompanied by
*hour glassing® of the fiow slots, At Plant bb, the affected tube had
excessive ovality which led to high stresses at the U-bend. The two remaining
events, at 2lant N in October 1979, and Plant C in January 1982, were Doth due
to foreign objects fretting and wearing the tube along one side.

0.13 why do you believe that the changes which have been incorporated
into the “esign and operation of marris Plant steam generators are 1ikely to

reduce the steam generator tube fallure rate?

! Plant designations refer to notation used in Tables 1 through 6.



A.13 Que to advances in the design of Model! D ste;m generators and in
operations, maintenance, and inspection procedures at Harris, tube failure
resulting from these causes is judged to be reduced in Frequencyz. The
phosphate wastage, for example, has been eliminated since phosphates will not
be used at Harris, thus the tube rupture frequency attributed to wastage is
judged to be lowered by at least a factor of 100. A reduction factor is
utilized even though phosphate wastage is impossible at Harris, because other
types of chemical wastage (currently unobserved) may still be possible.

Denting of tubes, if it occurs at all, will develop much more slowly and
to a more limited extent than in steam generators at other plants because of:

- plant operation with only AVT chemistry control;

- reduction of copper in the secondary side systems &s compared to
cther plants;

- fresh water condenser cooling with resultant decrease in chloride
concentrations as compared to plants operating on sea or brackish
water.

Stress corrosion cracking (SCC) at Harris is judged very unlikely

because of the following:

- limitation of the use of copper which decreases the rate of SCC by

reducing the concentration of alkaline salis; and

2 (Note of Counsel) These design advances and operational commiiments were
described in detail in the affidavits of Thomas E. Timmons, Glenn E. Lang,
and Alan B. Cutter, filed in support of “Applicants' Motion for Partial
Summary Disposition of Joint Contention VII (Steam Generators)." The
Board granted Arplicants' motion and the factual issues addressed therein
are not in dispute. See Tr. 2167-68 (Conference Call, July 12, 1984).



- design advances which (a) minimize crevices between the tube and

tubesheet through full depth expansion of tubes and (b) provide
features to reduce the accumulation of overlying sludge.

In addition, any tube degradation at Harris will most likely be
identified before rupture could occur due to extensive In-Service Inspection
which includes: fuil inspection of 211 tubes before the plant is put into
operation, eddy current ;esting. ultrasonic inspection techniques,
profilometry probes, and continuous monitoring of water quality,
radioactivity, leakage rates, etc. For these reasons, tube rupture due to
denting and SCC is judged to be reduced by a factor of five.

One type of tube leakage event which is not affected by design advances
is wear due to foreign cbjects, whigh was responsible for the two largest tube
rupture events which have occurred. However, due to rigorous quality
assurance procedures as well as monitoring for loose parts at Harris, this
type of tube leakage event is judged to be much less 1ikely than historical
frequency indicates, and a lowering by a factor of two is assumed in this
study.

Implementation of the modifications to minimize tube vibration in the
Model D-4 steam generators should reduce tube vibration levels such that they
will be at or below the levels contained in the experience base used in this
analysis.

Q.14 Based on the improvements incorporated into the Harris Plant steam
generator design and operation, what steam generator tube failure rate would

you predict for the operation of Harris steam generators?



A.74 Given %he design, maintenance inspection technigue and ocperating
advances described above, the number of historical tube rupture incidents
which are applicable to Harris for this analysis can be decreased from five to
about 1.5 (virtually none due to phosphate wascage, 0.4 due to denting and
SCC, and one due to loose parts).

Table 8 shows how the 50 and 95 percent confidence level failure rate
decreases as the number of tube ruptures in the experience base to the present
decreases.

On this basis, the median (50 percent confidence level) failure rate

would be = 0.6 x 10-6/tubc-yoar. Although the above

XSO percent
approach utilizes some engineering judgment in conjunction with the experience
base, the data available and identified advances provide reasonable support
for this. In fact, engineering judgment would suggest that the advances in
the state of the art should yield an even lower failure rate.

This failure rate of 0.6 x 10-6/tubo-yoar corresponds to an annual

frequency of 8.2 x 1072 per year

(0.6 X 10.6 . 4578 tubes x 356 = 8.2 x 10-3)
tube-year SG - year

at Harris, or one event in approximately 120 years of reactor operation. This
predicted value is significantly below the historical base. Thus the
operation of Model D-4 steam generators at Harris as compared with previous
experience should result in an even higher degree of public safety with
respect to these issues.

Q.15 Why shouldn't multiple tube rupture events be considered in

analyses of design basis accidents?

10



A.15 Multiple tube rupture events should not be considered in analyses
of design basis accidents due to their low frequency of occurrence and due to
their insignificant contribution to risk.

Q.16 Have you determined the frequency of multiple tube ruptures in
westinghouse PWRs?

A.16 Analyses have been performed to assess the frequency of multiple
tube ruptures in Westinghouse PWRs. Since a multiple tube rupture has never
occurred, a probabilistic model based on pressure differentials across the
steam generator tubes was developed to evaluate the frequency of these events.

Q.17 Briefly describe ihe "pressure pulse" model developed to evaluate
the frequency of muitiple tube ruptures.

A.17 The "pressure pulse" model relates the pressure differential
across steam generator tubes to tube failure probability. Based on laboratory
testing, the minimum tube burst capability at the beginning of tube life is
assessed at 10,000 psi. The tubes are assumed to degrade linearly from 0 to
40 years of service life.

The model applies a conservative distribution to the individual tube
failure probability; the binomial distribution is then used to calculate the
probability that one, two, or three tubes fail. The mode) assumes that during
normal reactor operation, transient pressure swings up to about the 2500 psia
safety valve set point occur with a frequency of once per year. The "pressure
pulse® model is described in detail in Exhibit A.

This model was used to estimate the frequency of single and multiple
tube ruptures. The calculated singie tub2 rupture frequency of 7.5 x 10"3
per year is consistent with the value of 8.2 x 10-3 per year calculated from

tube experience data.

1



0.18 What do you calculate the multiple tube rupture frequency to be
for steam generators at the Harris Plant?

A.18 Using the "pressure puls." model described above, the multiple
tube rupture freguency calculated for the Harris Plant is 7 x 10-5 per
year. This coerresponds to one such event in about 14,000 plant years.

Q.19 Does the risk of multiple tube rupture events contribute
significantly to overall risk for the Harris Plant?

A.19 A number of PRA studies have been performed in the United States
and Europe which have evaluated the risk to the public from singie and
multiple steam generator tube rupture initiating events. Results of these PRA
studies show that tube ruptures would not contribute significantly to overall
risk for a plant such as Shearon Harris.

Based on results of PRA analyses, the Harris core melt frequency due to
tube rupture initiating events was estimated to be asout 3 x 1077 per year.
0f this frequency, three percent (1 x 10'8 per year) is due to multiple tube
rupture events. Applying representative PRA consequence models, the public
risk from multiple tube rupture events is judged to be an insignificant
contributor to overall plant risk at a plant such as Shearon Harris.

Q.20 Is this assessment of the low risk of tube rupture events
consistent with independent evaluations of the NRC?

A.20 This assessment is consistent with the independent NRC evaluation
performed in draft NURER-0844, which concludes that SGTR events beyond the
design basis do not contribute a significant fraction of the risks associated
with other reactor events at a given site.

Q.21 What are your conclusions regarding the frequency of multiple tube
ruptures at the Harris Plant?

A.21 Based on tne analysis described above and my evperience in other
assessments, I am confident that multiple tube rupture events will not

contribute significantly to overall public risk at Harris. Oue to the

12
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.

relatively insignificant contribution of multiple tube ruptures to pud
risk, there is little benefit to be gained from perfcrming a vigorous analysis
of the consequences of such an event. This assessment reflects the
significant design improvements that have been incorporated in Westinghouse
Model D-4 steam generator and the improvements in steam generator operations,

maintenance and inspectionc which provide additional assurance of the safe

operation of the Harris Plant.
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TABLE 1

STEAM GENERATOR TUBE EXPERIENCE TO JULY 1383
U.S. WESTINGHOUSE INCONEL PLANTS

‘ No. of Commercial
Plant Tubes Operation Years Tube-Year
A 1,382 " 1/68 15.4 17.5 x 10"
8 15,176 1/68 15.4 12.4 x 10"
. 6,520 3/10 13.2 8.6 x 107
0 9,780 3/ 12.2 1.9 x 10%
3 6,520 12/10 12.5 8.2 x 10
F 6,520 10/72 10.7 7.0 x 10"
6 10,164 12/12 10.5 10.7 x 10+
H 9,780 12/13 9.5 9.3 x 10™*
I 10,164 5/13 10.1 10.3 x 10"
) 13,040 1714 8.9 1.6 x 10"
K 13,552 10/73 9.7 13.1 x 10™

& L 9,750 9/13 9.7 9.5 x 107
u 13,552 9/74 3.7 1.8 x 107
N 6,776 12/13 9.5 6.4 x 107
0 6,776 6/74 9.1 6.2 x 107
p 6,776 12/14 8.5 5.8 x 107
Q 13,552 8/15 1.8 10.6 x 10%*
R 13,552 5/76 71 9.6 x 10"
s 13,040 8/76 6.8 8.9 x 107
T 10,164 4/17 6.2 6.3 x 107
v 13,552 6/17 6.0 8.1 x 10™
v 10,164 12/117 5.5 5.6 x 10"
W 13,552 1778 4.9 6.6 x 10%
X 10,164 6/78 5.0 5.1 x 10™

& y 10,164 12/80 2.5 2.5 x 10
2 13,552 7/81 1.9 2.6 x 10™
Al 13,552 10/81 1.7 2.3 x 10"




TABLE 1 (Continued)

STEAM GENERATOR TUBE EXPERIENCE TO JULY 1983
U.S. WESTINGHOJUSE INCONEL PLANTS

No. of Commercial

Tubes Operation Years Tube-Year
10,164 1/81 1.9 1.9 x 10™*
18,696 12/81 1.5 2.8 x 10™*
13,552 6/82 1.0 1.4 x 10™
4

233.4 245.6 x 10

Tube Years
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TABLE 2

STEAM GENCRATOR TUBE EXPERIENCE TO JULY 1983
WESTINGHOUSE FOREIGN PLANTS (INCONEL)

Plant

88
cc
00
EE
FF
66
-
I
3

No. of Commercial
Tubes Qperation Years Tube-Year
2,604 8/69 13.8 3.6 x 10"
5,208 12/69 13.5 7.0 x 10
5,208 3/72 1.2 5.8 x 107
10,164 11/74 8.6 8.7 x 10"
10,164 5/15 8.1 8.2 x 10
6,776 4/18 5.2 3.5 x 10™
13,552 3/19 4.2 5.7 x 107
14,022 4/81 2.2 3.1 x 10
14,022 12/81 1.5 2.1 x 10"
9,156 12/81 1.5 1.4 x 10%
Tota) 69.8 49.1 x 10°
Tube Years
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TABLE 3

STEAM GENERATOR TUBE EXPERIENCE TO JuLY 1983

Plant

&4
YY
XX

)
Uu

MHI PLANTS
No. of Commercial
Tubes Operation Years Tube-Year
6,520 112 10.9 7.1 x 10™*
10,164 /15 1.6 7.7 x 107
6,776 10/75 1.1 5.2 x 107
10,164 12/76 6.5 6.6 x 10%4
6,176 9/11 5.7 3.9 x 10"
6.776 3/81 2.2 KER n
6.176 3/82 1.2 0.8 x 10"
Total 41.8 12.8 x 10°
Tube Years
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Total

STEAM GENERATOR TUBE EXPERIENCE TO JULY 1983

No. of

Tubes

10,164
10,164
10,164
10,164
10,164
10,764
10,164
10,764
10,164
10,164
10,164
10,164
10,164
10,164
10,164
10,164
10,164
10,164
10,164
10,164

TABLE ¢

FRAMATOME PLANTS

Commercial
Operation

12/1
3/78
2/79
2/79
1/79

12/79

11/80

12/80
9/80

12/80

12/80
6/81
5/81
2/81
5/81

12/82

10/81

11/81

12/81

11/82
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aa
bb

cc

Total

STEAM GENERATOR TUBE EXPERIENCE TO JUuLY 1983
MISCELLANEQUS WESTINGHOUSE LICENSEE PLANTS

No. of
Tubes

6,520
6,520

10,164

TABLE S

ACECOWEN
Commercial
Operation Years
2/75 8.2
11775 7.6
ACLF
9/75 1.7

23.5

19

Tube-Year

5.3 x 107
5.0 x 10M

7.8 x 10M

18.1 x 10‘
Tube Years



SUMMARY OF STEAM GENERATOR TUBE EXPERIENCE TO JULY 1983

westinghouse (Inconel Tube)
US plants
Foreign plants

Subtotal
westinghouse Licensee plants
MHI
FRA
Miscellaneous W Licensee Plants

Subtotal

TOTAL

TABLE &

No. of Plants

K}

41

o 8 <

30

n

20

Plant-Years

233.4
69.8

303.2
41.8
54.9
23.5

120.2

423.4

Tube-Years

2,456,000

491,000

2,947,000

328,000
£55,000

181,000

1,064,000

4,011,000



TABLE 7

TUBE RUPTURE EXPERLENCES SUMMARY

Occurrence Estimated
. No. Date Plant Attributed Cause Leak Rate
1 Feb. 26, 1975 3 Phosphate Wastage + SCC 125 gpm (1)
2 Sept. 15, 1976 I Denting + SCC 80 gpm (1)
3 June 25, 1979 bb Ovality + SCC 135 gpm (1)
4 Oct. 2, 1979 N Loose part (spring) 390 gpm (1)
5 Jan. 25, 1982 c Loose part (plate) 634 gpm (2)
Ref

|o

1. NUREG-0651, Evaluation of Steam Generator Tube Rupture Events, USNRC,
Appendices Card H, March 1980.

2. Response to Long Term Commitments, Ginna Restart SER, Steam Generator
. Tube Rupture Incident, November 22, 1982, Attachment B, Analysis of Plant
Response During January 25, 1982, Steam Generator Tube Failure at the R.
E. Ginna Nuclear Power Plant.
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TABLE 8

SENSITIVITY OF TUBE FAILURE RATE TO NUMBER OF FAILURES EXPERIENCED

Assumed No. of Failures Corresponding Failure Rate
Experienced in 3.6E+06 at Indicated Confidence Level
Tube Years of Operation 50 percent 95 percent
5 1.6 x 107%/Tube Year 2.9 x 10°%/Tube vear
4 1.2 x 107 2.5 x 107°
3 1.0 x 107° 2.2 x 10°°
2 0.74 x 107 1.8 x 107
1.5 0.60 x 10°° 1.5 x 10°°
1 0.47 x 107° 1.3 x 1078
0 0.19 x 107 0.83 x 107°
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ATTACKMENT A: PRESSURE PULSE MODEL

This exhibit describes the pressure pulse mocel used to quantify the
probability of multiple tube rupture events at the Shearon Harris Nuclear

Power Plant.

The 6 x 10'7 per tube-year rupture frequency calculated from the modified
experience base is the frequency of degradation to the extent of rupture under
the normal operation tube differential pressure load in the range of 1250

psi. The frequency of degradation to the extent of rupture under increased
pressure loads is assumed to be of this magnitude also. The model assumes
that for a tube that does degrade to this extent, it may take anywhere from 0

to 40 years of operation with equal probability.

For this analysis, transient pressure swings up to the 2500 psia safety valve
set point (a pressure differential of 1500 psi) are assumed to cccur with a
frequency of once per year. The time that a degrading tube spends in the 1500

to 1250 psi capability range is thus estimated to be:

s [tr " tuo]
I NO
Where: LT = the tube capability of a tube failing under a transient
load
LNO = the capability of a tube that fails under normal operating
loads
LI = the initial minimum virgin tube burst capability
t = the time for a tube to degrade to 1250 psi capability

This model is shown in Figure A-1.
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For the case of 2 normal transient, L, is 1500 psi and “no is 1250 psi

!

(norma) operating load). Based upon laboratory testing, the minimum virgin
tube burst capability is assessed at 10,000 psi. The time to degrade, t, is
assumed to be uniformly distributed from 0 to 40 years of service life. On
the average (i.e., the mean time to failure), the time for a tube to degrade
would be T/2, or 20 years.

Thus, for this case

= .J.Q___‘ﬁg_ ,
(370,000 = 12500 t = ‘029t

This model does not presume a great level of detail regarding the shape of the
tube degradation curve. Although a variety of convex or concave degradation
curve shapes are theoretically possible (provided that the tube capability
monotonically decreases), a uniform linear rate was used in this model to
provide some average sense that the time a failing tube spent in any given

strength band is proportional to the width of the band.

Given a transient event, the probability that a tube exposed to a 1500 psi

differentia) pressure would rupture is
1. p = At* = ,029 \t per tube
A weighted average of t* is calculated, yielding a value of 0.59. Thus,

p = At* = 0.59\
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The transient pressure differential is applied to all three steam generators.
Based on th's and the assumption that each tube's failure probability is
random and independent, the probability of various numbers of tubes rupturing

can be evaluated frzm the binomial distribution.

: n-r
$. B & st P’ x (1-p)
Where: n = number of steam generator tubes = 4578 x 3 = 13,734
r = number of tubes rupturing, i.e., 1 or 2 or3
p = probability of individual tube failure from Eg. 1
P(r) = probability of r tubes failing.

To account for the dependence between steam generator tubes, the method of
discrete probability distributions (OPDs) was used to quantify Pr in the

above expression. The DPD method is useful when analyzing components of the
same type (e.g., steam generator tubes) which have identical probability
distributions (or pdfs). These pdfs are not o-ly identical, they are
dependent in the sense that, if one were somehow to learn the true failure
rate of component 1, this would certainly affect the state of knowledge about
the failure rate of component 2. Note, however, that this does not mean that
one would know the failure rate of component 2 exactly because, although it is
the same type of component, it is physically distinct. The DPD for the second

component, however, would be narrower.
A probability distribution for \ was assigned as follows. The five plants

which have had tube rupture events make up about 10 percent of the tube

experience base. The experienced tube rupture freguency for these "worst"
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plants (1.5 events/2.6 x 105 tube-years = 4.2 x 107 events/tube-year)
assigned a probability of 10 percent. The median value calculated ahove was
assigned a probability of 80 percent; the lower tail, from the Chi-square

tables, was assigned a 10 percent probability. The following distribution is

thus assigned for \:

Probability %
R 4.2 x 10°°
.8 6.0 x 10-7
E 1.6 x 1077

This model gives the results listed below for rupture of one, two, or three
tubes. Since the frequency of these transients has been presumed to be once
per year, these probabilities also constitute annual frequencies. These

results show a multiple tube rupture frequency of 7 x 10'5 per year.

Number of Tubes

__ Rupturing Probability
1 7.5 x 1072
2 6.7 x 3070
3 6.7 x 107
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Pressure Capability of Severely Degrading Tube (psia)

Initial tube pressure capability

Assumed path of tube that would
degrade to failure in t years
of operation

L o el o o S Capability of tube failing

! | under transient load
|
|
LNo “““““““““““ | Capability of tube that
fails under normal

operating load

Years of Service

A= Frequency of severe degradation or rupture (per tube year)

+ = Time to fail under normal load (assumed random over period 0 to 40
years

t*= Time vulnerable to credible steam break load (years)

. [LT'LNO]
t*=t ———
0~ “NoJ
P = Probability of failure given steam break loads = At*

-At[LT - LNg]
Lo - LN
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4013

MR. EDELMAN: May I ingquire as to which numbers were
transposed, did you ever put out a correction to the affidavit?

BY MR. O'NEILL: Mr. Hitchler, would you please
refer to your prepared statement and, for the record, indicate
which numbers were transposed so that the point will be clear?

A If you turn to page 9 of my testimony --
MR. EDELMAN: The August 9 testimony?
A That's correct.

As I stated, two numbers were juxtaposed, and what
they were were were, I talk about reduction factors that I
expect to see the experience demonstrate based on improvements |
in design and operation. And what the numbers are is that if
you take the first paragraph that begins with "In addition"”
and you go to the last line in that paragraph, in the
affidavit that 5 was a 2.

In the next paragraph that follows, in the last
sentence, the last phrase is "and the lowering by a factor
of 2 is assumed" In the affidavit, that number was a 5.
As I said, the two numbers were just reversed in the base
analyses.

MR. O'NEILL: Thank you, Mr. HWitchler.

Before offering our witness for cross-examination,
I'd ask Mr. Hitchler, for the benefit of anyone here in the
room who has not had an opportunity to read his statement,

if he would briefly summarize his testimony.
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JUDGE KELLEY: Yes, please do.

THE WITNESS: My testimony is in direct response
to Joint Intervenor's Contentéon 7, part four, which states:

"Steam generator tube rupture analysis found in FSAR
is inadequate because if fails to consider multiple
tube rupture events."

My conclusion is that I strongly disagree with that
statement. My testimony discussed the analysis in which I
came to that conclusion. But the two basic reasons why I
come to that conclusion is, number one, that the frequency
of multiple tube ruptures is exceedingly small compared to
events we normally consider in the FSAR analyses. Also,
that in terms of the risk contribution from these types of
events, in other words, the approaches to safety goals or
safety margins that in terms of that context, multiple tube
ruptures do not represent an unusual risk. They are not
risk contributors.

To further elaborate on that statement in both
areas, you're saying right now that single tube rupture events
have a historical recurrent interval of approximate.y once
every 40 years. They are still rare events not expected to
happen during the lifetime of the plant, but they are rare
events. We feel that the improvements in the design and in
operation would justify a number much lower than this. 1In

other words, the number we chow is approximately once in
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every 120 years. But the trends are clearly in the less

freguent range.

From the standpoint of multiple tube rupture events,
an historical record shows that there have been zero events
to date.

My testimony discusses models that can be used for
predicting what may be the actual reccurence intervals. The
numbers are are talking about here are more in Lhe range oL
1 in 10,000 to 14,000 years of operation. So they are trivially
small compared to the events that are analyzed in the FSAR
currently.

Also, from the standpoint of risk perception that
the multiple tube rupture events in terms of core degredation
or other types of events like this, these events do not
represent a significant portion of events that are normally
classified into these severe accidents. So therefore,'we
meet a very low frequency for the initiator and we also meet
a very low risk contribution in terms of other events.

So therefore, I see no real basis or benefit to
be achieved by going through a very rigorous analysis in an
FSAR type method.

MR. O'NEILL: Mr. Chairman, Mr. Hitchler is available|
for cross exanination.

JUDGE KELLEY: Thank you.

Mr. Runkle or Mr. Edelman, who is doing the cross
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examination of this witness?
MR. EDELMAN: I am.
JUDGE KELLEY: All right.
CROSS EXAMINATION
BY MR. EDELMAN:
Q Mr. Hitchler, let's start at the end of vour
summary. I believe you said that there was no benefit to going

through a very rigorous analysis in an FS?R of multiple tube

rupture events. Do you maintain that what you've done here
in your testimony is that sort of very rigorous analysis?
A No, I am not saying that my analyses is in an FSAR |
|
context. i
Q Well, let's see if we can explore that a little bit, ;
Have you ever prepared analyses of the steam generato%
tube rupture events for an FSAR?
A I have not.
Q Are you familiar wéuld you say with the methodology
and the requirements for such an analysis?
A I'm familiar with the methodologies and I have
supervised individuals doing this type of analysis.
Q And so you know what is required to be done in such
an analysis, is that right?
A In general, yes.
Q In general.

Let me see if you can give me some specifics?



WRB/pp 9

n
12
Ed 1
14
15
16
17
8

9

21

23
24

Reporters, Inc.

4017

What is required for an FSAR analysis of steam
generator tube rupture?

A Well, could you clarify that question in terms of -~
it's a very broad field.

Q Well, you said that you supervised people doing it.
Therefore, I presume that you know what they have to do.
;;;;u;;vothcrwisc you could not supervise that. Wouldn't that
be correct?

A Yes.

Q Okay.

Now, in preparing an analysis for FSAR.-- maybe we
can clarify this a little by backing up. I want to come back
to where we were before. The safety analysis in an FSAR -~

you have described some terms in your summary here that
have to do with that. There's an initiator of an event,
there is a consequence, and so forth, correct?

A Yes.

Q Okay. Now =-- let me ask you this. Are there formal
NRC guidelines which specify the sort of analysis, the rigor
of the analysis that's required for this risk estimation in
an FSAR, are there formal guidelines on that?

A Yes, there are.

Q Are you familiar with those guidelines?

A I'm familiar with what they are.

Q You know what they are?
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1 A Where they are located, yes.

2 Q Okay. So, if you needeé_;o find out what the
. 3 requirements were for some type of analysis in an FSAR, you
. 4 could go look it up?

5 A Yes.

6 0 But you might not know off the top of your head
IWQ——-“~"; '"GEZE’éESse requirements are?

8 A Not every detail.

- Q Are there any specifics to tube rupture in those

10 requirements or are they more general than that?

n A There are specific requirements. Again, we're
12 talking about a very broad set of conditions that must be met.
. 13 Q Okay. Did the specifics talk about tube rupture

14 explicitly?

15" A Xes. The specifics talk about a tube rupture
|‘h accident and a number of assumptions or conservatisms that
17 should be applied to the analysis.

18 Q What are those conservatisms?

,,” A Well, just to -- I'll give you several examples
20 that I can get off the top of my head.
2‘" You must assume that you have a full double-ended
. 22 rupture single tube at the worst location. You must assume
23 that the core physics and heat transfer of the core conditions
2 are at their peak maximized potential for DNB. You must

Ace-Federsl Reporters, Inc. ] ) ) '
25 assume single failures, you must eliminate single failures,

——
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as we do in all analygses.
Q Okay. Let me go back through that and just check a
couple points.
Full double-ended tube rupture is the same thing
you refer to in your testimony here, is it not?
A The word that I would use in doing the analysis is

that there is a double-ended tube rupture. In terms of what

we've experienced in the data base, there's quite a difference.

Q Well, when you speak of the requirement for analysis
for a full double-ended tube rupture in your testimony, you're
talking about the same thing that's in the requirements, is
that correct?

A Yes.

Q You say " at the worst location". Do you analyze

what that worst location is or is that specified in the

requirements?
A You must demonstrate that it's the worst conditions.
Q So what you have to demonstrate is that there is no

place that would be worse to have the double-ended tube
rupture than the place where you assume it happens in your
analysis of the FSAR?

A That's correct.

Q Okay. And the Staff looks at that and approves it;
is that the way it works?

A Yes.
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Q Okay. Now, you refer to core heat and heat transfer
being at peak. That means, in essence, that's as much heat as
the thing is allowed to put out; is that correct?

A Yes.

Q And DNB, that's departure from nucleate boiling?

A That's correct.

Q Okay. Could you just explain that for a moment,

what DNB is -- what the phenomenon is, I mean?

!
|
|
|

A The basic phenomena is just that your heat transfer

!
|
|

rate =- meaning from the fuel pallets through the clad and into
the coolant, essentially -- changes drastically at a certain |
point. That's when you depart from nucleate boiling. What

happens is that the fuel cannot heat up much faster at that i

point. There is a higher potential for fuel damage under
those conditions.
Q Okay.
And the event that makes that additional heat up
possible is this departure from nucleate boiling?
A Yes.
Q And that is a change in the condition of the coolant;
is it not?
A It could be.
Q Okay.
Does the pressure of the coolant have anything to do

with how close you come to this departure [rom nucleate boiling?
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A Yes.

Q And isn't it true that if the pressure drops that

you, in general, would come closer to departure from nucleate

boiling?
A Yes.
Q Okay.

And the pressure differential across these tubes,
when you are operating the plant, is about 1,000 pounds per
square inch, is it not?

A Yes.
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Q Now let's see, we have gone through two of the
requirements. I cannot recall off the top of my head,
is there another requirement for that analysis that you
mentioned before?

A There are several requirements. The one I
mentioned was single failure.

3 Okay.

And that assumes -- Is the tube rupture the single
failure or is it one other single failure?

A It is one other single failure.

Q Okay.

One other single failure of any component or

system?
A Y\-So
Q Okay.

Now those are the sorts of requirements for
analysis for a single tube rupture, correct?

A Yes, it 1is.

Q Now what I was asking you about at the beginning
was what the analysis would be for an FSAR if you had
actually considered multiple tube ruptures.

Now would the analysis for multiple tube ruptures
fall under the same requirements or would the requirements

be different if you had to do that for an FSAR?

A Well the requirements are a condition of what
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the frequency of the accidents are; in cther words, the
limits that we are applying to the accidents.

Q Okay.

A So therefcre that i1s difficult to answerbecause
the two are intertwined as to what our analysis criteria
is and also what analysis assumptions must be demonstrated
to meet acceptance..

Q So what you are saying is that what the FSAR
would require in the analysis of an event depends on the
probability of that event, amung other things?

A Yes.

Q Tnat is part of what you are saying?

A It 1is part of it.

Q Okay.

Now let me ask you about the probability part
of this.

You refer in your testimony on page two -- I
gather there is not a page one, is that right? The cover
sheet 1s page one?

A The cover sheet 1s page one.

Q Okay .

And on pages two and three you talk about what
we might term your general experience, do you not?

A Yes.

Q Now what training do you have in probability and




statistics?
A I have several courses that I received in school.
Most engineers receive those.

I have also attended several courses in this
specific technology, the use of different statistical
distributions inside and outside of Westinghouse. Also
I have had numerous applications of this technology in

the studies that have been mentioned and have been through

peer review on those analyses.
MR. O'NEILL: If you could get closer to your
microphone. It 1s a little difficult to hear you.
BY MR. EDDLEMAN:
Q So these courses you have taken inside and out

of Westinghouse, are they formal classes with exams or

are they seminars or what were they?

A It was a mixture. Some of them were very

formalized courses; one in particular at Carnegie-Mellon

University was a four and a half month course in

strictly engineering-applied statistics at the graduate

level.
Q And you completed that course?
A Yes, I did.
Q Okay.
The assessment of probability involves statistical

methodology and also some judgment as to what data to
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use, does it not?
A That's correct.
Q And in fact in your testimony you make a number

of judgments about what data is appropriate to use for
probability of a single steam generator tube rupture, do
you not?

A That's correct.

Q Now the base data, to the extent that you
presented it, is contained in these tables that are appended
to your testimony, is that not correct?

A That's correct.

Q Okay.

If we just look through here, Table One, Steam
Generator Tube Experience to July 1983, U.S. Westinghouse
Inconel Plants;" now I take it from that that these are
plants with a nuclear steam supply system made by Westinghouse
located in the United States which have Inconel alloys
as the steam tubes in the steam generators, is that correct?

A That's correct.

Q Okay.

Are there different Inccnel alloys that are used
in these plants?

A There are several variations.

Q Are these plants arranged in such a way that you

can pick out the ones that, say, were Inconel 600 and others
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that were other Inconel alloys?

2 A  No, they are ncot.
‘ 3 Q Do you know wrich alloys go with which plants?
4 A I could pick those out. That is in an even

5|l more plant-specific data base.

2 Q And you have that data base?

7 A Yes, we do.

8 Q Do you have it with you?

9 A No, I do not.

10 Q  Okay.

n In fact these plants are identified solely by

12l 1etters and numbers and not by their actual names in this

’ 13|l table, is that correct?
14 A  That's right.
15 Q  Okay.
16 Now at the end of that table, page 15, we have

17| a total number of tube-years of 245.6 times 10 to the 4,

e | which is about 2.5 million tube-years, is that correct?

9 A That's correct.
20 Q Okay.

2" Now then in Table Two, "Steam Generator Tube
l Experience to July 1983, Westinghouse Forelgn Plants

23 Inconel,” now these are also Westinghouse nuclear steam
2‘" supply syctem plants located outside the United Scates

Ace-Federsl Reporters, Inc.
235l with Inconel steam generator tubes, I take it, 1s that
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correct?

A That's correct.
Q And the total number of tube-years tiere is
49.1 times 10 to the four, or about half a million tube-years?
A That's correct.
Q Okay.
Now then you have "Steam Generator Tube Experience
to July 1983...," for "MHI Plants."
What is an MHI plaat?
A MHI stands for Mitsubishi Heavy Industries, they
are our licensee in Japan..
Q Do these plants all have Iﬂconel steam tubes?
A Yes, they do.
G Do you know which Inconel alloys are used in them?
A We have that data. I don't have it with me.
Q Do you know if they are the same alloys that
are used in the plants in the United States?
A Yes. We set the specifications as to what materials
should be used and our functional requirements.
Q When you say -- You say you set specifications.

Do those specifications have to do with the

“ composition of the alloy specifically?

A Yes.
< Okay.

A That 1s part of our inherent design that the
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licensee pays for, those specifications.

Q There are different Inconels, though, that meet
those specifications, are there not?

A Yes, there are.

Q Okay.

Anéd do you know whether, in fact, any substitutions

were made for those alloys in these plants?

A I know of no exceptions to our requirements in
strength and other materials or specifications in the
materials to be used in these tubes.

Q Okay.

But would the information get back to you if one
of them made a change or if one of them had made a change
in one of the older plants, would you know tLhat?

A I'm not certain what you mean by "a change in
one of the older plants."

Q Well what I mean is if they varied from the type
of Inconel that was specified to some other type or even
to some other alioy.

A In my judgment I cannot say specifically we
would have noticed that kind of a difference in terms of
specifications that were set for either monitoring the
tubes or in terms of accident analyses that were being
done as part cf the licensing process.

Q Are the accident analyses that are required in

L RS R
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Japan the same as are required in the United States?

A They are at least to the level of what we have.
Q "At least," you say?

A Yes.

Q May they be, in some cases, more rigorous?

A They may.

Q Do you know if the steam generator tube rupture

analysis requirements in Japan are more rigorous than those
in the United States?

A I cannot answer that. I know the analysis 1s done
to the level that we do it, the tube rupture analysis, at
a minimum. In other words, the plant must be licensable
in the country of origin.

Q Right.

And you do not know specifically beyond that

what requirements there may be in Japan?

A No, I do not.

Q Okay .

Now in your table four, these are "Framatome Plants,"

now that is the French reactor manufacturer that also is
a licensee of Westinghouse, 1s that correct?
A That's right.

Do these plants all use Inconel tubes?

Q
A Yes, they do.
Q

Are they the same alloys that are used in the
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United States plants?

A Yes, they are.
Q They are the same.

How do you know that?

A For the same reason that I gave on the Mitsubishi
plants.
Q So the reasons and the extent of your knowledge of it

are the same as for Mitsubishi?
A Yes.
Q Now in all these tables, including Table Five,

the plants are identified by letters or numbers and not

A That's right.

Q And Table Five i1s "Miscellaneous Westinghouse
Licensees."

Could you tell us what those licensees are?

A We have various contractual sub-agreements with
other individuals other than Mistubishi or Framatome. I
don't recall the exact country of origin where this license
was granted. I think they are the Spanish but I am not
certain.

Q All right.

A Which is essentially a subset of the Framatome.

@ You do not know if the Alvarez plant in Spain

i8 included in here?
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A The Alvarez plant is included in the data base.
Q Is 1t in orne of these tables, to your knowledge?
A Yes.

Q Okay.

The Ringos plant in Sweden, is that included in
your data base?

A I believe so. Again I would have to go back
and verify exactly what dates and criticality. As I
said, we accumulated data through the mdddle of '83.

Q Yes, I see that.

Now you mentioned criticality Jjust now and I
believe it says commercial operation in the tables.

Are these number of years from initial criticality
or from commercial operation as declared by the utility
operating the plant?

A As declared by the utility operating the plant.
Q Okay.

Is the Kirsto plant in Yugoslavia included in

your data base?

A I believe there is a small part. I would have
to verify that exactly.

Q Was it declared to be in commercial operation
before July 1983 to your knowledge?

fu It was pretty close. I would have to go back and

verify 1it.
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Okay .

In deciding which plants to include in this study,

| are there any plants that are left out of these tables

that are Westinghocuse nuclear steam supply stations --
systems, pardon me, with Inconel steam generator tubes?
A None to my knowledge.
Q So these tables would include every -- or
essentially every -- Well let me ask i1t this way:
Is every Westinghouse nuclear steam supply
system plant in the world with Inconel steam generator

tubes in your tables which were declared commercial before

| July of 1983?

A It would that we have direct access to. I am
not aware of any exceptions to our access.
Q Okay.

Now is it true that all of these that are located
in foreign countries would have the same requirement oun
them that you mentioned for the Japanese plants; namely
that they would have to have been licensable in their
country of origin, the United States?

A Yes.

Q@ So they would have had to meet, &t minimum, the
same steam generator tube rupture analysis of an FSAR for
a plant in the United States?

A That's correct.
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Q Okay.

I would like to go back with you to Table Orne.
Now these plants are listed roughly in order of commercial
operation date in this table, are they not?

A Yes, they are.
Q Okay.

I mean there are some minor exceptions to that,
but in general the dates go from earlier to later and in
general the number of years of operation are less as we
go down the table?

A Yes, they are.
Q Okay.

A steam generator tube, to retain its integrity,

depends basically on the metal in the tube, does 1t not?
A Yes, that 1s one consideration.
Q Well here's what I mean:

These tubes themselves, the tube walls, are
what resists rupture or leakage rather than the tube plus
something bound around it, through its length, isn't that
correct?

A I think that is too general of a statement.
Q All right. Let me see if I can specify 1t so

that we can get to something on this.

The tubes in the steam generator, they go through

a tube sheet and various support plates, do they not?




A Yes, they do.
- And between those points which may be supporting --
well let me ask you:
May those points be points of support for those
tudbes?
A To some extent, yes.

Q And they may also be points, may they not, where

the tube may be squeezed by corrosion or subject to some

other effects?

10 A On some plants that has been seen. |
n Q Yes.
12 And some of those plants are Westinghouse plants
. 13l with Inconel tubes, are they not?
4 A Yes.
15 Q The tubes between those plates or tube sheets

16| are free-standing, as it were; that 1s, they are just

17|| there standing among the feedwater or steam on that

18|l side, I mean on the secondary side, is that right?

19 A Yes.

20 Q Now that is what I was trying to get at before

21|l about the tubes not being supported by anything else.

"’ 22

23

So in those free-standing areas the protection

against rupture is the strength of the tube wall itself?

24 A Yes.
Ace-Feders! Reporters, Inc_ ||

25 Q Okay .
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Now over the lifetime of a tube like this -- well
let me back up a second.

What sort of background do you have in metal
corrosion or mechanisms of corrosion?

A My background is basically my academic background
in that area.

Q Which 1s?

A Courses in metallurgy. I have no background
from the standpoint of my application of that knowledge
in Westinghouse at this point.

Q Okay.

So is it correct to say that you didn't explicitly
take account of corrosion mechanisms or processes in
your analysis here?

A No, that is not what my analysis states, which -~
I am not physically modeling phanges in phase metals ahd
that type of metallurgical issue.

I am analyzing the failures of tubes with respect
to different failure mechanisms and looking at the
statistics in that fashion.

Q Okay.

Now in looking at those statistlics, you didn't
take into account in any explict way, did you, the
mechanisms of the corrosion?

A How do you mean "mechanisms?"
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Q Let me try to explore this with you a little bit.

I want to come back to that guestion but let me follow

through here.

When a tube is new, a freshly-made Inconel tube
put into a Westinghouse steam generator, it should be
essentially uncorroded, isn't that correct?

A That's right.

Q Now through its operating life it may well be
subject to various forms of corrosion, correct?

A It may, yes.

Q Do you know of any tubes which would not be
subject to corrosion in a Westinghouse steam generator

with lnconel tubes?

A Given the environment or phenomena that may exist--yoJ

have to conditionalize your statement on that, that it 1is
not Just a simple process that all tubes will corrode
because the data base says that, that there's varying
phenomena that can exist and 1t depends on the way you are
planning on operating the plant and various other issues
as to whether the tubes will be put into an environment

that may lead to corrosion.

oY Okay. Perhaps I didn't phrase that earller question

the way 1 wanted to.

It is possible [lor any given tube to be corroded

in one of these steam generators, is it not?

i
!
|
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A Given the conditions it is possible.

Q Okay. And those conditions -- I think we may
be getting a little circular here, but those conditions
are ones which cause or make more likely corrosion?

A Yes.

Q You said that those conditions depend in some
part on the way you plan on operating the plant.

Do you know whether the principal -- Let me
ask you this:

Do you know what the principal mechanisms of
corrosion for steam generator tubes in Westinghouse steam
generators which tubes are made from Inconel alloys, what
the principal mechanisms for corrosion of those have been
historically?

A Yes.

S And what are those?

A There are a number of these. Just off the top
of my head at this point: over the phosphate wastage,
denting and stress corrosion cracking, loose parts monitoring.
And in fact these are menticned in my testimony as to what
has been the experience base in terms of corrosion and
what has been the failure mechanism that has existed at
plants that have experienced tube ruptures.

(1 Okay .

Are there other mechanisms of corrosion besldes
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those three you mentioned that these tubes may be subject to?

A There are. Those are probably found in most of
the cases.

Q The phenomenon of denting, if I may just follow
along on this since you have mentioned it, is that, in
sort of common-sense terms, the tube having been squeezed
by some corrosion around it where it passes through some
kind of a supporting member or part?

A That could be a characterization of the change
of phase that occurs in the support plates, yes.

Q Are these support plates made out of Inconel
on these steam generators?

A No, they are not.

Q What are they made out of?

A It is usually carbon steel.

Q Carbon steel is subject to corrosion under these
conditions that prevall outside of the steam generators,
isn't 1t?

A Given the initial conditions if you don't watch

your chemistry, yes.

@ Now what initial conditions are you referring to?

A In other words, we are talking about oxide and
other materials that could result in a change in the phase
of the carbon steel which causes the carbon steel tc grow

and causes the squeezing phenomenon.
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Q "To grow," you mean to expand physically?

A Well in the change of phase the specific volume
does change in the material --

Q And that change in specific volume 1s to increase
the volume, correct?

A Yes.

Q And that is what squeezes the tube?

A Yes, if the chemistry isn't maintained correctly.

Q Okay.

Can the chemistry be always maintained correctly,

is that something that happens in practice?

A I think it is occuring now. The operating history
is showing that we are not experiencing these kinds of

faillures at this point,

Q You say "failures." 1Is that sort of corrosion
occuring?
A Well the level of corrosion is occurring at

very minute levels or very controlled levels which should
not cause this kind of denting phenomena in a plant that
is maintaining the chemistry.
- Okay.
So you are saying that the rate of this type of
corrosion is less now, 1s that what you are saying?
A Yes, significantly less.

Q Did you have access to any measurements of it when
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5 you reviewed material for preparing your testimony?

A I didn't have access to exact growth rates. What
I had access to was the amount of tubes being plugged due
to denting phenomena, these types of 1ssues.

*1 Okay.

Now when you plug a tube, that is due to some

| weakness or failure in the tubes?

A Yes. It could be a weakness or just preventive
plugging.
Q Okay.

And "preventive plugging" is when you think it

| 1s 1likely the tube may fail based on some monitoring or

| study that has been done?

A No, we have specified very precise safety margins
we want to maintain in the tubes, therefore any time the
tube wall thickness degrades below a certain points or
we think that there 1s a potential for that happening
before the next tube inspection, we will plug it.

In other words, we plug before we expect to
ever approach one of our -- what I will call safety
thresholds on these tubes.

JUDGE KELLEY: We are going to want to take a break
at some near point. Is this as good a place as any or do
you want to get a few more questions?

MR. EDDLEMAN: I am trying to think if I can
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neatly wrap up a little of this or not....

2 I think we had better just go ahead and take a
3| break.
. 4 JUDGE KELLEY: Okay. 10 minutes.
5 (Recess.)
6 JUDGE KELLEY: Back on the record.
7 Mr. Eddleman, will you resume?
8 THE WITNESS: May I make a correction of something

9| we discussed earlier?
10 JUDGE KELLEY: Surely.
n THE WITNESS: We were talking about Table Number
12| Pive on page 19 of my testimony and the question was what
' 13|l plants do these physically represent. And I was mistaken
14} when I thought the plants weré of a Spanish desigh. The
15| plants belong to a generation of units when Westinghouse -- in
16|l an agreement with the countries of Belgium and France a
17l number of years ago so they were excluded from the basic

18|l data sets. But they all were Inconel of a fairly standard

191l design.
20 JUDGE KELLEY: Thank you.
2] BY MR. EDDLEMAN:
. 22 Q Before the break Qe were talking about plugging

23| tubes in the steam generators and I believe you said that

24| there was a criterion for wall thickness that was used to
Ace-Federal Reporters, Inc.

25| decide when you plug a tube.




Can you tell me what that criterion is, or does it
vary from plant to plant?
A There is a very precise criterion that is adhered

to and in fact required by public law, and that 1s thauv if

the wall thickness degrades to more than 4( percent the

tubes must be plugged. Or if you anticipate degrading more
than 40 percent before the next inspection you must do
this plugging.

Now plants implement a number of different types

of criteria. In other words, that is the maximum allowance.
Most plants use a much less -- a much more restrictlive
requirement if they are plugging criteria.

[:3 13 Q  Okay.

14 When you say 40 percent is a matter of law, do

15l you mean a Federal statute or do you mean an NRC regulation g
16il or a regulatory guide; what is that requirement? |
17 A There is a reg guide -- excuse me, not a reg guide !
8l a NUREG. There is also a steam generator owners' group ;
9l that has dome up with a series of practices that they feeal
20|| are prudent operating practices as well as -- call them

21 | recommendations by the NRC as to what limits should be

. 22|l allowed.

23 Q Well now are those things actual requirements?
24| would the NRC.cite a licensee for violation if they went

2|l peyond that?

‘ |
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A You would have to ask the NRC what the exact
compliance with would be on this. I know that it 1is
implemented in that fashion, that they must be met.

Q Okay.

By "implemented," you mean it is in the technical
specifications of these plants?

s I am not aware that it 1s in the tech specs,
you would have to ask the plant 1( that is physically
in the tech specs or it may be in several other documents.

Q Okay.

Did you undertake any review of the tube plugging
practices of these plants that are in your Tables One
through Five or any of those tables in connection with
preparing your testimony here?

A Tube plugging practices with respect to what?

Q Well let's Jjust say tube plugging practices,
period. Did you look at any aspect of 1it?

A In other words, I know the years in which plénts
had major upgrades in their procedures for tube plugg! g
or tube inspection.

As far as my -- I have not been involved in the
writing of those kinds of procedures.

Q All right.

You say you know the years when they had major

8|l upgrades. Now what do you define as "upgrade" in tube
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plugging procedures as being, sir?

A Upgrade from the standpoint of improved eddy
current inspection techniques when the state of the art
improved and materials -- or testing became available.
Upgrades from the standpoint of when industry groups came
up with new criteria for the industry to implement.

Also upgrades from the standpoint of loose parts
monitoring devices to detect these things before they
degrade the tubes significantly.

Q Okay .

Would it be fair to say that these upgrades that
you are talking about, that you know of, are basically
upgrades in the detection of degradation in the thickness
of the tube walls or loose parts being on the loose to
impact on the tubes rather than upgrades which make more
restrictive the requirements for when the tube has to be
removed from service in terms of the actual wall thickness
of the tube itself?

A No, it is a mixture of both. There have been a
number of tests made on tube strength. We have accumulated
data on this type of material as to what thicknesses would
the tubes potentially fail at with different types of
degradation.,

We have an on-going process to evaluate materlals

and phenomena.
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Q What changes then have there been in the wall
| thickness requirements for tube plugging in these “plants
using Westinghouse steam generators with Inconel tubes?

A There have not been changes in terms of specific
thickness guidelines from what we had before.

Q Have the thickness guidelines always been that
40 percent that you were referring to?

A It was more or less -- again we are getting into
an area that we are dealing with licensing issues more, but
to my knowledge the U0 percent degradation thickness 1is
something that would have L<en plugged in the past as
well,

[ And to your knowledge that has not changed?

A No.

« Now you said that some plants implemented on their
own more stringent requirements.

Do I take that correctly to mean that the plant
might plug a tube even though 1t was less than L0 percent
degraded or might not pass 40 percent loas of tube wall
thickness by the next inspection; in other words, it might
set a percentage below 40 percent as its criterion, ls
that correct?

A Yes.

Q Do you know how many of these plants set such

eriteria?
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A I don't have an itemized list. It 1s usually

tied in with what phenomenon may be occurring at the plant.
For example,if phosphate wastage 1s possible at a

plant, they might want to have a more stringent requirement.
It 1s a plant-specific criterion.

Q Okay .

Do you know even what percentages of these plants

have more stringent criteria than the 40 percent guideline?

A No, I do not.

Q Okay.

The plugging of tubes happens in response to

a loss of wall thickness, correct?

A That is one reason, yes,

G What are some other reasons?

A There mav be just preventive plugging that may
be prudent “n some designs.

Q If a tube in fact is leaking is it required to
be plugged if it is found to be leading during an inspection?

A Above a certain level, yes.

- What is that level?

A There 1g a tech spec limit on in-leakage.

e That is 1or the whole primary system or the
whole secondary system, right?

A Yes.

Q Okay. 8o it depends on the total amount that is
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1]l leaked through all tube leaks whether plugging would

2|l explicitly be requi.ed in that case, correct?

. 3 A That is the general criteria, yes.
‘ Q Okay .
s Are there more specific criteria which you are

6}l aware of that apply to say the plants in Table 1, the

7 American Westinghouse plants?

£ A No.
9 Q  All right.
10 Now corrosion processes can have the effect of '

n reducing the thickness of the walls of these Inconel

12| tubes in the steam generators, can they not?

‘ 13 A Yes, they may.
14 Q Okay.
15 And what percentage or proportion, if you know,

16 (| of the degradations of wall thickness that lead to tube |
17 plugging in the plants with these Inconel tubes are due to

18| corrosion and what proportion are due to some of the cause?
19 A I don't have the exact numbers. The vast majority

20fl 1s corrosion type.

21 Q The vast majority.
. 22 Would you say it is like 75 percent or more?
23 A Probably more. |
24 Q Probably more.
Ace-Federsi Reporters, Inc.

25 Could it be as much as 90 percent?
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A It could be. As I said, I don't have the exact

| number.

Q Okay .
The corrosion processes -- well let me ask you
this:
Once corrosion has begun in a metal tube like
these Inconel tubes in the steam generators, is it more or

less likely that corrosion will continue or that further

| corrosion will take place as opposed to an uncorroded

part being corroded from the start under the same conditlions?
A I would say with our current knowledge that that

is not correct.
- What 1s correct?

A That once a corrosion mechanism has been identiflied

| with the plant that we have done the analysis, done the
| research to find == to identify what caused these mechanisms

| and we can interdict it. So therefore you should see in

general a reduction in the corrosion rates once these
corrective measures have been taken.
Q Okay.

S0 what you are saying is that once you establish
what kind of corrosion 1s going on you can take corrective
measures which slow the rate of that kind of corrosion?

A That's correct.

Q Okay .
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But.... Well let me ask you this -~
A One thing I want to make certain of 1s that the
corrosion rates I am talking about are severe degradation,
not just something that is a standard fouling factor that

we use on tubas or other things.

Q Okay.
A That would not impact continued operation.
Q Well now by "severe degradation,” do you mean up

toward the 40 percent 1limit?

A That's correct.

G Okay .

The tubes that have been somewhat corroded have
some degradaticn but less than the severe degradation yov
are talking about are still present in the steam generators
once you have taken some measures to reduce the rate of
2 specific type of corrosion that is causing severe
degradation?

A That's right.

Q So these tubes may still be corroding either from
the same mechanism at a reduced rate or from some other
mechanism, may they not?

A It's possible.

Q Do you know whether measures to contrcl one type

of corrosion may actually potentiate or increase other

mechanisms of corrosion?
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1 A Thaw is part of our evaluation process in making
2|l recommendations to reduce corrosion rates is recognizing

3|l that there is a balancing process in maintaining chemistry
4}l and other factors at certain limits. So we are aware of

Sl these numbers of failure mechanisms that may be possible.
6l and we recommend the optimal strategy for eliminating this
7{| problem or significantly reducing it.

8 Q Now by "optimal strategy," do you mean optimal

9l in light of your current knowledge?

10 ey [

" Q There was a time, was there nct, when Westinghouse

12l thoughtthe optimal strategy for eliminating corrosion of

. 13l these tubes was a phosphate water chemistry, isn't that |
41 true? i
.
15 A Yes. i
16 Q That turned out to be incorrect, dian't 1it? i
17 A That's right. '
18 Q  Okay. [
B A For certain plants. Some plants have not seen

20|l this kind of wastage. So it is a balanced approach here.

21 In other words, if we see this kind of corrosion mechanism
. 22 and we recommend an opotimal strategy for recovering from

23 it or reducing it, coupled with this is also a requirement

24 for testing of the tubes and inspection to monitor these ‘

25 things to make sure we have the right strategy.
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1 So it is a two-phase program, not just make a

2 change and then do nothing after that point.

2 Q Okay.

4 So you measure the effectiveness of the changes

5 you make in your water chemistry or other operating

6l methods by the degradation which you find in tests of the

7 tubes after you make these changes, is that right?

8 A That's right, and factoring in our experience

9l from other plants.

10 §  Okay.

i Do you know why the -- or what the explanation is

12)| for the difference between the plants that show phosphate
‘ 13|l wustage with phgsphate water chemistry and those which have

4|l phosphate water chemistry but do not show this wastage

|
'5F to that degree?

16 A I don't have the answer to that.
7 Q Let me turn to a slightly different area here.
8 There are requirements, are there not, for how

19 many tubes in a steam generator have to be usable, that is
20| not plugged, for a plant to be able to continue operation,
21} are there not?
. 22 “ A Yes, there is -- well there 1s a requirement for
2|l minimum flow capability for the steam generator transfer

rates. It isn't always necessarily just the number of
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Q All right.

But knowing the capacities of the tubes for water
flow through them and the heat transfer rates from the
tubes, you could then translate that into the number of
tubes for a given reactor and steam generator, could you
not?

A Yes, you could.
- Okay .

Have there been plants where there have been
so0 many tubes having to be plugged that steam generators
had to be replaced?

A Yes, there are.

Q And were any of these plants Westinghouse nuclear
steam supply systems with Inconel steam generator tubes?

A Yes, they were.

Q What plants were those?

A There was the Surry 1 and 2 units and the Turkey
Point 3 and 4 units.

Q Any others?

A No.

@ Okay.

The number of years of commercial operation that
you give in the various Tables One through Five, are those
years adjusted in any way for the capacity factor of

the plant during its time of commercial operation?
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A They are not.

Q You have sald, have you not, that the way you
operate the plant can make a difference in the corrosion
rates that you experience.

Do you know whether corrosion tends to proceed
faster or slower when the plant is operating at power as
opposed to when it is in shutdown in the steam generator
tubes?

A Well again we are going to have to get into
specific failure mechanisms here.

Q Okay.

A There are some cases where I would say that
would be a true statement.

Q Well for example, you would be more likely to
have a tube damaged by a loose part rattling around in
the steam generator when there was flow through 1it,
wouldn't you?

A Yes.

Q And that would more generally occur in operations
although it might occur during shutdown, isn't that true?

A It would most likely be left in there during
== in other words, yvou would be most vulnerable after you
had done some kind of work in the steam generator when
the plant was shut down; therefore while you are increasing

temperature, starting up flow, you may see more damage
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from that aspect.
Q During operation, after an cutage in which work
was done on the steam generator?
A You may be more susceptible before you would turn

eritical or up to high temperatures, underin that mode,
whereas corrosion may be higher at temperature.

Q Okay.
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The chemical -- if we may call them that -- corrosion
mechanisms as opposed to physic.l damage from an object, do
those tend to progress faster at higher temperatures?

A Some of them do, yes.
Q Okay.
Which ones do?

A I believe stress corrosion cracking, but I would

have to get into the details of some of the affidavits that i
were filed earlier. ‘

Q Okay.

Was that covered in your affidavit?

A No.

Q Okay.

But your knowledge is that you believe some go
faster and some do not as you increase temperature, some of
these chemical corrosion mechanisms?

A That's a variation,- yes. I think the two
compensate for sach other.

Q That is you think there will always be some
corrosion taking place, end some mechanisms will be more
prominent at higher temperatures and soma at lower?

A I think that would be a reasonable characterization,

Q Okay.

Do the cycling through temperatures having the

plant come down and then start back up, the freguency of
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1 shutdowns, would that effect corrosion in any way in the

2 steam generator tubes?

. 3 A I'm not aware of a direct link.
B Q Okay.
5 But it is part of that process, is it not, that

6 you would be -- when you take the plant off-line you would be

7 bringing down the temperature and pressure in your steam
8 generators and then, when you're starting back up, you would ‘
9 be raising thé temperature and pressure in your steam .
10 generators as you get back up to power operation, would you

n not? ,

12 A Yes. |
‘ 13 Q Okay. 5
| 14 And just to make sure I heard you right, you are !
15 saying you don't know what effect that would have, or are you?

16 saying that you don't think it would have any effect?

17 A Well, for a plant like Harris I don't feel it would
18 have any effect. For a plant such as -- that is susceptible

19 to heavy denting, there may be some correlation there.

20 Q When you say a plant like Harris, what

21 characteristics of the plant are you talking about that

‘ 22 distinguish it?
23 A I think the main one is the ABT chemistry, being
24 on that from the start of commercial operation.

Ace-Feders! Reporters, Inc.
s Q okay.
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A Also the very tight specifications we have with
respect to allowance for copper and other impurities in the

system.
Q Now the steam generators for the Harris plant were
fabricated some time ago, were they not?

A Yes.

Q So their fabrication would be to the standards in
effect at the time they were built, not the current standards,
wouldrn't they?

A They would, although you don't see-~ There are
some modifications that may be recommended at this point but
not anything that we think would significantly change the
results.

Q Well, what kinds of modifications are you talking

about there?

A Things such as a quadrifoil support plate design
would be an example.

Q Okay.

So if I take you correctly, what your judgment

of this matter is that the main difference between Harris
and some of these older plants as far as the effects of
startup and shutdown is concerned is the water chemistry and
the requirements for copper and so on in the system.

p-N Yes.

Q Okay.
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Now in your data base, how much actual operating
experience have you got with plants that are subject to those
same requirements for water chemistry, copper, and so on, as

Harris?

A All of the plants in the data base that have been
operating for the last year to several years will be meeting

those kinds of chemistry specs.

Other plants would have had significantly more --
I will call it "liberal" chemistry specs over what are being

used at Harris.

Q Is that all you wanted to say about that?
A Yes.
Q Okay.

I wanted to back up and ask:
Do you know when these tighter chemistry specs
first went into effect?
A You would have to look at specific plants as to
which were operating. The tightest specs have come into play

in the last couple of years.

Q Since 19822

A 'el, '82.

Q Okay.

A But there have been changes in the specs, in other

words a tightening of the specifications, for the last ten

years or so.
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Q Various tightenings in other words?
A Yes, mainly because we were dealing with plants
that had phosphate chemistry to begin with.
Q What percentage of-- Well, let me ask you this:

of the plants in your various tables, can you

identify which ones had phosphate chemistry?
A I can, yes.
Q Okay.

I1'd be very interested in the proportinn of tube
years that plants have phosphate chemistry comprise of these
data bases.

A Okay. I would have to provide you that, because
I can call back to Pittsburgh or whatever to get the exact
number as to what plants have never operated on phesphate
chemistry and what plants have started at some point.

Q Do you think it would be possible to produce that
sort of data today, or would we have to wait for it longer?

A I may be able to get you a rough number today.

Q I would appreciate it if you could.

Does your analysis of the number of tubes in these
various tables take any account of the number of tubes which
have been plugged, or the times that they were plugged in
these plants with Inconel tubes in the steam generators?

A That's the reason for choosing the 10 percent
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reduction factor in the data base.
Q Okay.
Now that 10 percent reduction factor....
On page 5 of your testimony, Answer 8, that is

where that reduction factor of 10 percent is stated, is it

not?
A Yes.
Q Do you have that page in front of you?
A Yes, I do.
Q Okay.

Does it say.anything about tube plugging or any
other reason for the discounting of 10 percent on that page?
A No, we didn't, just that it is standard practice
to discount this because it is common knowledge that we have
had a number of tubes plugged in the past.
Q Okay.
What is the approximate percentaje of tubes in
these plants which are now plugged?
A I think it is 2.4 to 2.5 percent.

Q Okay.

And that is the percentage of all the tubes without

taking into account what proportion of them are in plants that

have been operating a long time and what proportion are in
plants that have been operating for a short time?

A Yes, that's right.
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l’ Q Okay.

2‘ You say 10 percent is a standard discounting. Who

3] sets that standard?
. 4. A Well, in :this case I set the standard.

S Q It is your judgment?

6 A Well, it is my judgment that I wanted to use a

7 conservative upper bound in doing my calculations.

8 Q All right.
i

9 So is what you're saying that no more than 10 percent
|

10 of these tubes will end up having to be plugged?
n A No, that is not what I said. I said that the data

|
I
|
|
12 here was discounted 10 perceut to account for this kind of ‘
l

. 13 phenomena. The historical record, as I said, was about
4 2-1/2? percent or four million tube years of experience. f
|
15 Q Now it is not 2-1/2 percent of the tube years, is |

16 it, or is it? Is it 2-1/2 percent of the tubes, or 2-1/2

17 percent of the tube years?

18 A it comes out to 2-1/2 percent of the tubes have :
19 been taken out. : B
20 | Q Okay. X
21 A And when you factor that back in it is still
‘ 22 significantly less than 2-1/] percent in terms of the tube
23 years.
24 Q All right.

Ace-Federal Reporters, Inc.
25 Now are you aware of any analysis of the
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probability of rupture of one of these tubes which had its
wall thickness corroded 40 percent?

A I'm not sure if I understand the question.

Q Let me try to rephrase this.

You said before that there were on-going studies
of the strength of the materials in the tubes, and various
factors that would impact the criteria for when a tube needed
to be plugged. 1Is that correct?

A Yes.
Q Okay.
Now is one of those factors the possibility or the

probability of tube rupture?

A I'm searching for what the link is. Your gquestion
was....
Q There are analyses which you said are on-going as

to the material properties of the tubes, and otier factors
which impact what criteria you use for when you have to plug
a tube in one of these steam generators. Correct?

A There are studies that are done as part of our
engineering process to verify the strength of the tubes even
under severely degraded conditions.

Q Okay.

Have those tests included tests of pressure pulses
or other phenomena which might rupture tubes performed on

tubes with degraded wall thicknesses?
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A Oh, numerous.

Q And are you familiar with the results of those
studi.s?

A Yes. I have seen a number r : those tests run. I

have also seen the tubes where we have taken tubes and tied
them into pretzel shapes and repressurzed them up to five

or six thousand psi, even some up to ten thousand. 1

We have also milled defects into the tubes ;
intentionally down to only 20 percent tube thickness and still |
demonstrated that we can withstand almost full pressures. l

Q By "almost full pressure," what pressure do you meaﬁ?

A Again there is a whole spectrum of events. The |
ones I have seen, the tubes were still good up to five to six
thousand psi even at the very severely degraded conditions.

Q Now were those new tubes or corroded tubes?

= Those were new tubes, but they had had design
flaws milled into them; in other words, actually taking a

grinding wheel and grinding away major portions of the

material in different configurations, slits and other kind

of things.
Q Cut into the tube with metal-working equipment?
A Cut into it, even lavhed, where you actually cut

all arnund the tube.

Q And how long would they be exposed to the pressures

that you're talking about?
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A Again the tests went anywhere from a few minutes

to a fairly long timeframe. I would have to get into more
detail or refresh my memory on what the tests were run at
exactly.

Q Okay.

Well, to the extent that a tube held up for a few

minutes, that does not necessarily mean it would hold up for

days or years of operation in a reactor under those conditions,|

would it? !

A I don't think you could make that statement. Once

you have demonstrated that the tube maintains the static

pressures and we've pumped significantly beyond the normal

design pressures, we would still have a high confidence that

e CI—

we could pick up these faults in the next eddy current

inspection or other process.

Q That is why you plug the tubes. Correct?
A Yes. |
Q Now as the tubes-- Well, let me ask you this:

Were any of the tests that you're talking about
here, or any similar tests performed on tubes or portions of
tubes that had actually been in a steam generator and had
been removed as part of a tube replacement or steam
generator replacement?

A I believe some tests were run, but I'm not

familiar with them.
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Q Okay.

As a tube ages or is in a steam generator as time
goes by and the olant operates, that tube is still subject to
additional corrosion beyond whatever it may have experienced
in the past, is it not?

A Some rate of corrosion.

Q Yes.

Can you tell me what the design life of the tubes
themselves is? 7Ts there a design life for them, how long
they are supposed to be able to hold up against corrosion in
these steam generators?

A Well, our design is for 40 years.
Q Okay.

In these numbers of tubes, for example, Table 1,
I notice that some of these numbers recur a good bit. For
example, the number 13,552 seems to appear at least seven
times on page 14 I believe.

Do you have that in front of you?

A Yes, I do.
Q And it is correct that the number 13,552 tubes
occurs seven or eight times on that page, isﬁ't it?
A That's correct.
Q Okay.
And the number 10,164 occurs at least five times

on that pages, does it not?

A Yes.
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Q And the number 6,776 occurs three times for plants

labeled E and O and P; does it not?
A Yes.
Q Okay. How many tubes does the Harris plant have?
A I forget the exact number. Let me look it up in
my testimony.
13,734.

Q Is there any -- let's see. Harris is a three-loop

plant, and I believe your testimony stﬁtes there are 4,578 tubeT
per steam generator? i

A I beliewve so, yes. |

Q Okay. Do you know how many loops are in these !
plants in table 1; how many steam generators each has? i
A I could find that out very quickly, if you need that.?
In general, the earlier ones are two-loop plants; the later |

ones are four-loop plants.

Q And the three-loops are mostly somewhere in the middle?

A Yes.
Q Excuse me a second. I need to flip here and find
something.
(Pause.)

The number of tube years in all these tables is
just the number of tubes times the number of years; isn't it?
Y That's right.

Q Okay. And it wouldn't matter, for purposes of this
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analysis, whether the plant was shutdown all year or running
at full power all year; would it?

A That's correct.

Q Okay. You didn't take any of that into account.--
the operating level of the plant?

A That's right.

Q In the specifications that these plants themselves

require, as opposed to - - let me ask you this. Is there an

NRC regulation as to the water chemistry that's required in

these steam generators? ;
|

A The recommendations that the utilities adhere to, yes{
Q There are recommendations. Are they formally put !
into the regulations?

A I believe they are. Again, I'd have to talk to
someone abomut it, get that from someone else.

Q How often, if you know, do any of these plants that
are listed in any of these tables, get outside the specificatioﬁs
for water chemistry which Westinghouse recommends. |

A Currently there are slight variations or deviations.
But, in general, nost plants stay within the specs. There
can be excursions for modern plants. I want to make that
very clear as to what generation of plants we are talking
about here.

Q Okay. Now, by the modern generation, what years

of initial operation are you talking about; or is that your
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criter.on for modern plants?
Py Well, I'm just saying that plants since, approximately
1980 and that timeframe, started adhering very strictly
to these kinds of chemistry specs.
Q And it would such strict adherence in order to make

your analysis valid, wouldn't it?

A No it -- well -- the data that I used involved =-- or

a significant portion of the data I used -- .nvolved plants thaﬁ

were not adhering to this kind of a tight spec. Therefore, F
|
there's a bias with respect to that kind of -- that portion of
the analysis. In terms of improvement, from the historical daté
|

base, I expect the plants to adhere to those type of specs

é
on a reasonable basis. ;

Q Now, the part of your analysis which has this bias,
as you say it, for plants that did not necessarily adhere
tightly to water chemistry specifications, that's the
analysis where you take 4 million tube years, discount it
10 percent, and use a failure rate based on that and the
number of observed failures; is it not?

A That's right.

Q As far as the physical properties of the tubes
themselves are concerned, do you know if it has any effect on
the ability of the metal to resist rupture, how many times the
tube has been stressed to design pressure or above, and then

brought back to a lower pressure or zero pressure?
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A We have a series of calculations that's part of our
design process. They're called design transients. We take
into account these physicals, or these thermal stresses in
heat up and cool downs. So there is that kind of a numbered
factor into the selection of materials we plan on using.

Q In other words, there's a thermal stress and a

pressure stress in most situations where you heat up a steam

generator; is there not?

A Yes, and we also include design trarsients, as such,
in terms of these kinds of pressure pulses that we wonuld
expect ta be an upper bounds of what the equipment would i
endure over 40 years.

Q What about pulses of higher temperature, how does thaﬁ

|
take into account your analysisv

5

A Well, we always do thz analysis in a linked fashion. |
In other words, we postulate accidents and then whatever the
combination of pressure and temperatures that are induced are |
factored into the analysis. So, yes we do take both those
into account.

Q These are analyses you're talking about. The questioﬂ
I originally meant to ask you =-- let me try it again.

When you take a metal tube that's designed to resist

pressure such as one of these steam generator tubes, and you

subject it tu some pressure and then you slack the pressure off,

and then you cycle it through an increase of pressure and a
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decrease of pressure again, does that have any effett in straini

the metal of the tube?

A I'm not aware of any effect that would be germaine
for the number of cycles we're talking about in the condition
you're postulating.

Q Well, how many cycles are we talking about, just
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