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PROCEEDINGS

JUDGE BRENNER: Good morning.,

Why don’t we get the appearances of counsel since
we have a new court reporter and we can keep it straight,
and not all the parties are here, as [ observe.

Staff?

MR. GODDARD: Richard J. Goddard for the NRC
Staff.

MR. ELLISs Tim Ellis for the Long Island Lighting
Company, also Odes Stroupe and Milton Farley for the Long
Island Lighting Company.

MR. SCHEIDT: Douglas Scheidt and Alan Dynner for
Suffolk County.

JUDGE BRENNER: We have pending before us a motion
filed by Suffolk County to strike a portion of the Staff’s
prefiled written testimony. The testimony which is the
subject of the motion to strike consists of one quastion and
answer, the first one appearing on page 53 of the Staff’s
testimony. It involves the issue of piston side thrust, and

relies upon a portion of a proposed Staff Exhibit [

The County”’s motion is less than clear, but it
appears to us that, in addition to moving to strike tha
question and answer, the County is moving to strike Exhibit

7 in its entirety.

Am I correct?
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MR. SCHEIDT: Yes, Judge Brenner.

JUDGE BRENNERs I would like to ask the Staff a
question.

Based on the board’s review of the Staff’s
testimony the only place in which its proposed Exhibit 7 is
referenced is in this question and answer, am I correct?

MR. GODDARD: That’s correct.

JUDGE BRENNER: And only a portion of the Exhibit
is relied upon in the question and answer, correct?

MR. GODDARD: That’s correct also, your ronor.

JUDGE BRENNERs Incidently, there’s a typot I
believe it should be page 6 of Exhibit 7 rather than page 5
of Exhibit 7. Am I correct in that regard also?

MR. GODDARD: That I will ha.e to check.

It is page 6.

JUDGE BRENNER: Before even dealing with the
County’s motion, then is it not correct that the only
portion of Exhibit 7 which should even be proffered for
eviden-ze by the Staff would be the particular table and
drawing relied upon?

MR. GODDARD: That’s also correct.

JUDGE BRENNERs Then without further ado the rest
of Exhibit 7 will not be admitted into evidence and Exhibit
8, which is there solely to identify some of the portions »f

Exhibit 7, will not be admitted into evidence with the
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possible exception as relates to the table, depending on
our ruling on the particular motion which I will now gives

We’re denying the County’s motion to strike the
question and answer on page 53 of the Staff’s testimony for
the reasons expressed in the Staff’s written answer of
September 7, 1984, We find all of those reasons correct and
persuasive.

Of course, once we get to the cross examination we
may learn that, indeed, contrary to the Staff’s answer the
Staff’s witnesses cannot supply sufficient information to
enable us to credit with any reliability whatever support is
being relied upon by the Staff for that table in Exhibit /.
But we’ll deal with that if and when it comes to that point.

We agree with the Staff that the witnesses
certainly have sufficient apparent expertise at this stage
of the game. That’s hased on the papers submi tted and their
qualifications to testify to the matters stated in the

question and answer on page 53, and we’]ll see where it goes

from there.

They’ve crossed the threshold as expert witnesses
and by reliance on Federal Rule of Evidence 703 among other
principles, that is sufficient to permit the particular
portion of Exhitit 7 to be admitted into evidence.

To be more particular, at the time the Staff’s

testimony == or more particularly, at the time the Staff’s
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exhibits are moved into evidence, [ want the coples
conformed such that only page 6 of Exhibit 7 alonj with the
drawing -—— whicn I imagine is page 7 -- is movecu into
evidence.

To avoid the necessity of excerpting portions of
Exhibit 8, what the Staff should do {s mark up page 6 so
that the identity of the engines are given directly on page
6. At that point the Staff’s Exhibit 7 will consist of page
6 and page 7. You can simply remove the rest of it. The
parties have it. If there’s any question as to the identity
of the source, we’re past that point.

You don’t need it for an offer of proof because as

I understand it, it was not your intent to offer it into

proof.
MR. GODDARD: That’s correct.
JUDGE BRENNER: That takes caras of that.
The matter | wanted to get to next was the
schedule.

Our particulsr pending question is what order the
LILCOs witnesses should be cross examined by the County with
regard to whether we should take the cylinder blocks or the
cylinder heads first. And of course involved {n that
question is the status of the possible settlement

discussions on the subject of cylinder heads,

MR. DYNNER: Judge Brenner, yesterday we had
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extensive discussions with LILCO. A document has been
prepared and I think it’s fair to say that, subject to final
approval of my client, that this cylinder head issue =-- and,
of course, submittal to the Board and its approval -- that
this cylinder head issue will be settled.

I would expect that Mr. Ellis will have a final
corrected copy that encompasses the pen and ink changes
we’ve agreed to by today. And 1“1l promptly submit it for
approval, final approval, by my client, so that the document
should, in my estimation, be able to be signed and filed
with the Board by Monday or Tuesday of next week, probably
Monday.

MR, ELLIS: Judge Brenner, I will have it easily
in an hour. [ think that we do have an Aagreement. I think
that Mr. Dynner indicated that he does not expect any
difficulties. The agreement that he and [ have reached
involved extensive discussions, and 1 would hope perhaps we
could even get it to the Board today so that the Board could
have the weekend to review {t.

We certainly will handle the typing and have the
typing all done and distributed to the parties. Mr. Go ddard
has informed me that the agreement {s satisfactory to the
staff and so within an hour 1711 have final coples here for
Mr. Dynner to check with his client, And | would hope that

hefore you adjourn today that we will all have signed it and
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submitted it. !t could be done today possibly.

JUDGE BRENNER: You enticipated a suggestion I was
geing to make. I think it would be helpful {f we could get
it at least in our offices by tomorrow, if not today. [’m
not ordering that, I“m just pointing out that it would be
helpful. That way if we have any questions or concerns with
regard to it you can hear about it at the beginninj of next
week in the event something further needs to be done,

MR. DYNNER: Let me make just two other comments
on this.

Number one is, | have endeavored, butl
unsuccessfully, to reach representatives of New York State
concerning this document. Number Lwot while 1’m not sure I
will be able to have this doc'iment signed today, [ certainly
would see no objection whatsoever to have unsigned copies
given to the Board today wher Mr. Ellis circulates the
copies to us .~ the Board will have an opportunity to look
it immediately.

JUDGE BRENNERs Thank you.

Of course, if you had an objection to showing 1t
to us at this stage we would understand {t.

We also understand that {t’s not a final settle-
ment and it may be something would change. But as [ said,
this would give us a head start, so we can give you our

comments, if we have any, at the beglnning of nest week.
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MR. ELLISs | do want to say though that neither
Mr. Dynner nor I anticipate any changes or we wouldn’t
submit it to you. We think it’s final.

JUDGE BRENNERs All right.

Based on that, clearly, after we have completed
the Staff’s testimony on crankshafts we would then be 3j0ing
to the cross-examination of LILCO’s panel on the eylinder

blockst is that correct?

MR. ELLIS: Yes, sir. And in that connection I
need to report to the Board that we will, before the
conclusion of today’s proceedings, submit to the Board the
motion and supplemental testimony relating to the block
concerning infcrmation since the filing of testimony

originally on August l4.
JUDGE BRENi "P: All right. We’ll receive it ani

read it.
We may get to the blocks next week,
MR. ELLiSs Yes, sir. We know that.
JUDGE BRENNERs All right, that takes care of our

preliminary matters.

You indicated you wanted to address one of our

previous questions, Mr. Ellis?
MR. ELLISs Yes. Let me address the question you

asked about the length of time for which LILCO was seeking

findings with respect to the TDI diesels. As | believe
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¥r. Youngling indicated to the Board when he was testifying,
it is the Company’s current intention to complete the
qualification of the TDI diesels and to retain the TDI
diesels for the long term to use them in con junction with
the Colt diesels so that the site would ultimately have six

diesels rather than three.

However for this proceeding LILCO is only seeking
findings for the first refueling outage with respect to the

TDI diesels.
JUDGE BRENNER: Do you intend to define that by

any timeframe or only as you have defined it in your

sentence right now?
MR. ELLISs | think that it cannot be defined with

precision as to a time period. It is generally thought to
be about 18 months from the period of time beginning with

fuel loading.
JULSE BRENNER: What [ meant was, — and I’n sorry

1 was not precise —— | have sometimes seen such timeframes,
when they were imposed, exprassed as no later than such=and=

such an events in this cate the first refueling outage or

uy® months, whichever comes later.

MR. ELLIS: That was not our intention. We would
{ntend to have it to the first refueling outage becruse of

the indefiniteness of that tire.
JUDGE BRENNER: All right.
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MR. ELLISs Keeping again in mind that [ think the
testimony was, in the piston that the number of hours that
the engines would he expected to accumulate during that
period would be on the order of 288 even assuming -- that
assumes a LOCA occurs and that they operate for an entire
7-day LOCA period.

JUDGE BRENNERs All right.

Mr. Dynner, did you want to say something. I
wasn’t quite finished.

MR. DYNNER: Please go ahead.

JUDGE BRENNERs Mr. Ellis, yesterday when
Mr. Stroupe was sitting where you are sitting I asked him,
or pointed out it might be helpful to include as part of
this discussion just what LILCO intends in the context, or
effect on this proceeding, by its letter to the Staff which
on contested issues i{s just one of the parties before us.

MR, ELLIS:s Yes | agree, Judge Brenner.

AS the result of the additional analysis and the
integrated electrical test which was completed in August ==
mid-August == LILCO now has sufficient {nformation to be
able to establish with more precision what the loais on the
diesels will or would be in the event of a loop/LOCA.

And that has led to the preparation and submission of

the letter SNRC 1077. The work that ==
JUDGE BRENNER: Maybe you should reference the



0060 01

4

WRBpp

10

date of the letter.

MR, FLLIS: Yes. September 11, 1984 to Mr.
from Mr. Leonard.

[ think that letter describes the analysis, and
the integrated electrical tests indicate that the maximum
short-term load that one would expect after a loop/LOCA
would be 3300 Kw, which is going to be termed continuous ==
FSAR continuous load. In fact, we would expect ==

JUDGE BRENNERs Let me cut you off and then [“1]
iet you get back to {t if you think ou need to.

We’ve read the letter, I“m not saying
understand everything in it or the hases for every!l
it. 1 want to know what effect you think
case by waiting until the date of that letter tc
the Staff and then just send a copy to us, which
informational copy? There is nothing before us.

I asked your counsel at the time what was
intended., Because we were about to start an issue ==
crankshafts, to ve precise, a I recall - for which it
might be pertinent and might have been pertinent for an
{ssue we completed LILCO testimony on. And [ was told LILCO
was proceeding on the basis of its testimonys which of
course is inconsistent with the letter.

MR. ELLISt Well -

JUDGE BRENNER: The testimony is inconsistent with
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the letter.
MR. ELLIS: The testimony is consistent with the

FSAR as it exists. LILCO intends to submit an FSAR
amendment to change the loads to 3379, 3500, and 3200, And
as | was going to describe what those three figures were,

That FSAR amendment is in the approval chain now
and will ultimately be submitted in the near future to the
Staff for the Staff’s approval. When the Staff approves it,
of course, it will become a part of the FSAR.

For the purposes of this hearing, we are currently
bound by the eristing terms of tre FSAR. However, as I
think the Board has already done farsightedly, it is not
{rrelevant to consider gquestions on both the current and the
projected loads as it did in the crankshafts.

JUDGE BRENNER: You misunderstood my remarks. We
have done no such consideration as to any lower loads.
We’ve had a prcceeding scheduled since June. You knew about
some of the changes in the numbers back in June and you did
nothing. You, being LILCO, did nothing in terms of filing
anything before us for those many months.

You didn’t seek to amend any testimony on A timely basis
before the hearing started, and opposed a schedule delay by the
Staff, which delay was requested for another reason.

I“m not in the habit of sitting here in litigation

for three weeks of hearing and then finding out that a party
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premise when such premise could have been put forward
esarlier on, or when the preceding schedule could have heen
adjusted to accomodate such a premise.
We are considering nothing other than the
tes: imony before us. [ want you to know that very clearly.
MR. ELLISt Welli, I do understand that. But let
me also be clear that it could not have been done in June

because the integrated electrical test had not been done,

@ © & 4 e v a2 WL N

The integrated electrical test was not done until August.

It would not have been appropriate at that time in June for

us to have come forward. There’s a tremendous amount of

—
N

analysis tnat goes into thus. There are a lot of people

—
w

working very hard on it.

I, to some extent, have firsthand knowledge of the

-

15

16 process, and it is not for want of hard labor and a lot of
17 people caring to try to get this thing done.

8 We’ve been working very hard. [ regret we were
19 not able to do it sooner. [ can assure you we have mov ed
20 with great vigor and alacrity and will continue to do so.
21 JUDGE BRENNER: That was not my total point. My
22 point was you knew this was in the offing in June. You had
23 estimates of the changes in June. [ understand you had

further work to do to support with greater precision what

N
S

the

&



0960 0! 13
4 WRBpp

e D NV AW N -

O & W N = @ Vv O N & VvV 2 W N = @

23111

changes would be.

You had the option, and it was your option that if
you wanted to try to take advantage of those lower numbers
as they were developing in the June through August
timeframe, to indicate that that’s what you wished to do in
this proceeding and to move for any schedule ad justments at
the start of this proceeding so that that could have been
considered.

However, LILCO sat silently by while the
proceeding was scheduled and, as 1 said, we’ve been here for
three weeks now. A lot of work went into testimony by all
parties in the August timeframe and before. There were
things you could have done. You wanted to go ahead on this
schedule, and that’s the proceeding that you’re going to
live with.

If you want to stop the proceeding -

MR. ELLIS: We’re entirely happy to live with that
proceeding. And I can assure you that we have worked very
hard and we’re not asking for —— we’re going to go ahead
with the FSAR amendment as rapidly as we can. We understand
the Board’s view and we accept the Board’s view that we are
now proceeding on the basis of the current FSAR.

JUDGE BRENNERs To state it bluntly we are not
about to re-open the proceeding and back up a month or two

from now when you get your formal FSAR change done.
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As you know, it’s just a formality on completing
the printing process now that you’ve completed the
analyses. We in the past have never had to wait “»or formal
publication of FSAR changes in order to consider something
in testimonys in fact, quite the contrary.

Usually when things were happening close to the
{ssues we were litigating in the other phase of the
hearing, we handled the evidence in the hearing ani the F3AR
changes were made later to conform to the evidence.

MR. ELLIS: Yes, sir. There is aven additional
analysis and there will be additional testing as well going
on. WNWe don’t want to go with those numbers until we are
confident of them. And we’re very close to that now.

And 1 say again I regret that we were not ahble to
move quicker.

JUDGE BRENNER: All right.

A few simple precepts. You could have asked to
delay the start of the proceeding in order to consider -
give you time to juscify and then consider the lower loads.
You did not do that.

You are not seeking now to defer the proceeding in
order to give you time to complete whatever analysis you
want to complete to support the lower lsoadss am | correct so

far?
MR. ELLIS: Yes, sir.
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JUDGE BRENNER: All right.

I don’t want to hear two or three or four weeks
from now that you want to re-visit all the testimony we’ve
been through by that point in order to consider lower loadst
all right?

MR. ELLIS: I undarstand that.

JUDGE BRENNERt Okay. In which case I coﬁtinue to
be mystified as to the effect — at least on the contested
{ssues before us — you believe that letter to the Staff
will have.

My point, Mr. Ellis, is, it takes long enough to
try a case one time without trying the case two times.

MR. ELLISs I think it’s important to say that the
reason the information was sent both in June and later on,
we send all NRC communications to the Board and we believe
it 1s our obligation to keep the Board advised of the
cevelopments.

JUDGE BRENNERs That’s rights but when something
becomes-—— We appreciate thats in fact, that’s consistent
with our orders in this case.

I“m not criticizing you for giving us a copy of
the letter, all I“m saying is, when one of the letters out
of the mass of letters has obvious pertinence -= possible
pertinence to the hearing, we have also said that the

{fnformation copies of that correspondence does not serve 4s
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done.
We had a conversation like that with LILCO

attorneys way back when, in discussing the then=proposed

shipment of new fuel to the site.

So my point was, you have not formally asked us to
do anything with respect to t. lower loads, and you are
allowing the proceeding to go ahead on a premise di fferent

than the premise in that letter, and that’s what we’re

O ¢ o N &V a2 W N

doing. And we don’t expect to hear three weeks from now

that you want to change the premise.

MR. ELLISs I understand, Judge Brenner, and I

-—
N

will report that to the company.

-
W

JUDGE BRENNER: I’m saying you’re trree weeks

—_
e

late already. You understand that?

o

MR. ELLISs Yes, sir. That’s what 1711 report.

—
[

JUDGE BRENNERs All right.

—_—
-~

Mr. Dynner.
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MR. DYNNER: Judge Brenner, this may be premature,
and {t’s really just a question in my mind about the
significance of the comment that was made by Mr. Ellis that
LILCO is sesking findings only with respect to the period up
to the first refueling outage, and yet it intends to operate

the Delaval diesels if it gets a license for a period

beyond that.

The County’s contentions obviously have been
submitted on the basis of the requirements of GDC-17 for
operation of the plant up to full power with the Delaval
diesels, and I don’t really understand the significance of

the statement that the findings should be limited to the

first refueling outage, as to whether that {s some intent to

somehow alter the standards for the acceptability of the
diesels, and I don’t understand it in terms of what impact
it might have on the contentions, and whether that {s an
open door to renewal of these contentions at the first
refueling outage with respect tc the same diesels.

I“m just raising the issue because I’m confused by
the statements that were made.

JUDGE BRENNER: Well, we would have to anply some
of what you’re saying at the time of your proposed findings
and then at the time of our decision to the record before
us. But that situation is different than the kind of

situation 1 just discussed with Mr. Ellis, much different.
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With respect to the possible limitations on the
time of use of the TDI diesels, we are getting all kinds of
evidence in from the experts, and we’ll be hearing from the
County”’s witnesses on that subject also as to what the
proven limits might be when you’re talking about a
phenomenon that, in the view of some experts, would only
develop over the very long term, if at all, in terms of
fatigue problems, whether it be torsional fatigue to the
crankshafts or other fatigue on other parts.

Now, we may find that the time does not matter,
either because sverything is okay for any time frame, given
the evidence, or because it ic not okay for any time frame.
Those extremes are there. But between those extremes we
might find that certain things have been proven by the party
with the burden of proof, which is LILCO, to be okay at
least through “x”/ number of cycles. And then it might be

pertinent to look at how many cycles there would he for a

certain time frame.

Now, if we came to such a conclusion, there would
obviously be a condition requiring a limitation on the use
of the diesel as not being able to be relied on heyond that
time frame to satisfy the NRC requirements.

Beyond that, if we made such a finding then LILZO

could not rely on the TDI diesels to satisfy the

requirements. However, it would certainly be open for them
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to have this backup, backup diesels, if you will, as long as
they were not the diesels being relied upon to fulfill the

requirements.

So I don’t see a problem that we have to address
i{n the abstract now, and all parties are free to propose
whatever findings they want.

The time frame question is obviously in some
parties’ minds and, in some witnesses’ testimony, material
to some of the conclusions that *“e parties wou ld seek to
have us find.

MR. DYNNER: Thank you.

JUDGE BRENNER: We have nothing else, and we can
get to the witnesses now.

MR. STROUPE: Judge Brenner, if I may procecd.

DIRECT EXAMINATION

BY MR. STROUPE:

Q Mr. Cimino, starting with you, would each of you
give your names, your busiress affiliations and your
business address for the record?

» (Witness Cimino) My name is Dominic Cimino. I
work with Metal Improvement Company. Since the time of the
written testimony I“ve been promoted, and am Division
Manager of the Long Island Division, Metal Improvement, at
280 Adams Boulevard, Farmingdale.

Q Dr. Wachob?
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1 NWNKBwrb 1 A {(Nitness Wachob) My name is Harry Wachob. [ work
2 for Failure Analysis Associates. The address is 2225 East
‘ 3 Bayshore Road, Palo Alto, California.
B Q Dr. Wells?
s A (Witness Wells) I am Clifford Wells. [ also work
6 for Failure Analysis Associates at 2225 East Bayshore Road
7 in Palo Alto, California.
8 Q Mr. Burrell?
9 . (Witness Burell) I am N. K. Burrell. I am
10 Regional Sales Manager for the Metal Improvement Company.
3] My office is located at 678 Winthrop Avenue, Addison,
12 1llinois.
13 A (Witness Seaman) My name is Craig Seaman. I“m a

project engineer witn the Long Island Lighting Company.

—
-

15 My business address is the Shoreham Nuc lear Power Station,
16 Wading River, New York.

17 A (Nitness Johnson) My name is Duane Johnson. I
18 work with Failure Analysis Associates. The address is 2225
19 East Bayshore Road in Palo Alto, California.

20 JUDGE BRENNERs All right. We’ll have the

21 witnesses sworn.

22 MR. GODDARD: Dr. Spencer Bush is also present.
23 Did you want him to identify himself at this time?

JUDGE BRENNER: Fine.

N
»

BY MR. GODDARDs

n
S
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Q Will you similarly state your name, your business
address and affiliation?

A (Nitness Bush) My name is Spencer Bush. [I’m the
owner of the Review and Synthesis Associates. The address
is 630 Cedar, Richiand, Washington.

JUDGE BRENNER: All right. Let’s swear the entire
panel, then, including Dr. Bush.

1f you would all please stand and raise your right
hands, please.

Nhereupon,
CLIFFORD H. MWELLS

DUANE P. JOHNSON
HARRY F. WACHOB
CRAIG SEAMAN
DOMINIC CIMINO
N. K. BURRELL
and
SPENCER B!U'"H
were called as witnesses and, having been first diuly sworn,
were examined and testified as follows:
JUDGE BRENNERs Be seated.
It is certainly courteous of Mr. Cimino to move
closer to the locus of the hearing for your henefit.
MR. STROUPE: Judge Brenner, we have previously

filed an errata sheet which | believe has actually been
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I WRBwrb I bound in as part of the original crankshaft testimony,
2 hecause it also contained on it a section relatiny to the

’ 3 shot peening specifically. We will be more than happy to
" have Mr. Seaman read those changes in the record this
S mn rning if you so desire,
6 JUDGE BRENNER: It’s not necessarys | realized it
7 at the time that we were doing that. [ take it that the
8 changes have been mace on the testimony that will be part of
9 the record.
10 MR. STROUPE: They have been penned into the
R testimony. As far as | recall, there were no changes to the
12 exhibits.

} 13 JUDGE BRENNERs$ Fine.

E g 14 0ff the record.
15 (Discussion off the record.)
16 JUDGE BRENNER: Back on the record.
17 BY MR. STROUPE:
18 Q Mr. Cimino, do you have in front of you testimony
19 dated August l4th, 1984, filed on behalf of Long Island
20 Lighting Company, entitled "Testimony of Clifford d. Wells,
21 Duane P. Johnson, Harry F. Wachob, Craig Seaman, Dominic
22 Cimino and N. Ken Burrell on behalf of Loig Island Lighting
23 Company concerning shotpeening of the replacement

crankshafts,” along with Volume IV of the Crankshaft

no
-

exhibits?

25
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A (Witness Cimino) Yes, I do.

Q To the best of your knowledge, is that volume of
testimony and exhibits true and correct?

A Yes, it is.

Q And do you adopt it as your own?

+ I do.

Q Dr. Wachob, 1 would ask you the same question with
regard to both the testimony and the exhibits.

JUDGE BRENNERs Mr. Stroupe, I wonder: maybe we
could note in the record at this point that the exhibits
are LILCO Diesel Exhibits C-27 through C-39.

MR. STROUPE: Exactly.

WITNESS WACHOB: Yes, I do have copies and I do
adopt them as my opinion.

BY MR. STROUPE:

Q Dr. Well, I would ask you the same two questions.

A (Witness Wells) I have copies of the testimony,

and | do adopt it as my own.

Q Is it true and correct to the best of your
knowledge?

a It is true and correct to the best of my
knowledge.

Q Mr. Burrell, I would ask you the same question.

A (Witness Burrell) [ also have copiles, and [ adopt

them as my testimony.
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Q It is true and correct to the best of your
knowledge?

A Yes, it is.

Q Mr. Seaman, I would ask you the same questions.

A (Witness Seaman) Yes, I have copies of the

testimony, and 1 do adopt them, and they are true and
correct to the best of my knowledge and beiief.

Q Dr. Johnson, the same question for you, sir.

A (Witness Johnson) [ have a copy of the
testimony. I believe they are true and correct. [ adopt
them as my testimony.

Q Would that be the same answer for the exhibits,
c-27 through 39, also, Dr. Johnson?

A Yes.

MR. STROUPE: At this time Long Island Lighting
Company would move tha admission of the testimony previously

indicated, and exhibits C-27 through 39.

(Whereupon, the documents referred
to were marked for identification

as Exhibits C-27 through C-39.)

JUDGE BRENNER: All right. We will admit the
testimony just identified into evidence and hind the
testimony into the record at this point as if read. We will
also admit LILCO Exhibits C=27 through C-=39 into evidence.

Of course, we will not bind the exhibits in. And three
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0060 02 09
| WRBwrb | copies will become part of the official record.

2 (Whereupon the documents referred to,

. 3 nreviously marked for identification
- as Exhibits C-27 through C-39, were
5 received in evidence.)
6 (The testimony of Witnesses Wells, Johnson,
7 Wachob, Seaman, Cimino and Burrell follows.)
8
9
10
il
12
13

. 14
15
16
17
18
19
20
21
22
23

. 24

25
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I. INTRODUCTION OF WITNESSES

1. Please state your name, business address and present
employment.

. A. (Wells) My name is Clifford H. Wells. My business
address is 2225 E. Bayshore Road, Palo Alto, California and I am
employed by Failure Analysis Associates (FaAA) as Vice President.

(Johnson) My name is Duane P. Johnson. My business
address is 2225 E. Bayshore Road, Palo Alto, California and I am
employed by FaAA as Nondestructive Examination Manager.

(Wachob) My name is Harry F. Wachob. My business
address is 2225 E. Bayshore Road, Palo Alto, California and I am
employed by FaAA as Manager cf Materials and Testing Laboratory.

(Seaman) My name is Craig Seaman. My business address
is North Country Road, Wading River, New York and I am employed
by Long Island Lighting Company (LILCO) as Project Engineer for
Shoreham.

(Cimino) My name is Dominic Cimino. My business
address is 427 Barell Avenue, Carlstadt, New Jersey and I am
employed by Metal Improvement Company, Inc. (MIC) as a Program
Manager.

(Burrell) My name is N, Ken Burrell. My business
address is 678 Winthrop Avenue, Addison, Illinois, and I am
employed by MIC as Midwest Regional Sales Manager.

‘ 2. Please summarize your professional qualifications and
your role in the shotpeening of the replacement crankshafts at
Shoreham.




A. (Wells) I hold a D.Engr. in Applied Mechanics from
Yale. My professional qualifications are set forth in Attachment
#1.

My role in the shotpeening of the replacement crank-
shafts at Shoreham was to recommend shotpeening the crankpin
fillet radii areas of the three replacement crankshafts and to
recommend re-shotpeening the two replacement crankshafts
originally shotpeened by TransAmerica Delaval Inc., (TDI).
Additionally, I observed the shotpeening performed by MIC and the
inspections performed by LILCO and Stone & Webster during and
after the shotpeening to satisfy myself that the shotpeening was
done correctly.

(Johnson) I hold a Ph.D. in Physics from the University
of Washington. I am a qualified Level III Inspector in eddy
current and ultrascnic testing. My qualifications are set forth
in Attachment #2.

My role in the shotpeening of the replacement
crankshafts at Shoreham was to conduct nondestructive
examinations of the replacement crankshafts after they had been
shotpeened by MIC and had been operated for 100 hours in the
EDGs.

(Wachob) I hold a Ph.D. in Material Science and
Metallurgical Engineering from Cornell University. My
professional qualifications are set forth in Attachment #3.

While I did not participate in the shotpeening, I have been asked

to render certain opinions as to the shotpeening.




(Seaman) I hold a B.S. in Engineering from Cornell

University. My professional qualifications are set forth in
Attachment #4. I am employed by LILCO as Project Engineer at
Shoreham.

My role in the shotpeening of the replacement
crankshafts was to initially recommend shotpeening these
crankshafts and to subsequently, recommend that the crankshafts
be re-peened. As a LILCO representative concerned with various
components of the Shoreham Emergency Diesel Generators (EDGs), I
had the responsibility of ensuring that the shotpeening performed
by both TDI and MIC met LILCO's quality assurance requirements.

(Cimino) I have a B.E. in Mechanical Engineering from
The Stevens Institute of Technology in Hoboken, New Jersey. I
have been employed by MIC since February of 1980 and have since
that time been engaged in the shotpeening of various types of
metals for various types of application. I am a Program Manager
for MIC and I have supervisory responsibility for all types of
shotpeening.

My role in the shotpeening of the replacement
crankshafts at Shoreham was to recommend re-shotpeening of the
two crankshafts shotpeened by TDI and :o supervise a team of MIC
employees that re-peened the fillet areas of these two
crankshafts and originally peened the third crankshaft. My

qualifications are set forth in Attachment #5.

(Burrell) I hold a B.S. in Mechanical Engineering from

the University of Illinois. I have been employed by MIC for over

seventeen (17) years. For thirteen (13) of those years 1 was




Manager, Technical Service for the Chicago Division. A great
deal of my shotpeening experience is with shotpeening of fillet
areas of crankshafts of all sizes. My professional
qualifications are set forch in Attachment #6. While I did not
participate in the shotpeening I have been asked to render

certain opinions as to this shotpeening.

3. What issues have you been asked to address in your
testimony?

A. (All) We have been asked to address emergency diesel
generator contention 1(b) adritted Ly the Board in its July 17,
1684 Memorandum and Order which states:

The shotpeening of the replacement crankshafts was

not properly done [Sic] as set forth by the Franklin

Research Institute Report, Evaluation of Diesel

Generator Failure at Shoreham Unit 1, April 6, 1984,

and the shotpeening may have caused stress nucleation

sites. The presence of nucleation sites may not be

ascertainable due to the second shotpeening of the

crankshafts.

At the outset it should be noted that while it is not clear
what the County intends by the use of the words ''stiess
nucleation sites'" or "nucleation sites," we assume the County is
attempting to describe a surface discontinuity that might provide
the nucleation site for a fatigue crack. Thus, whenever the
words "stress nucleation site(s)" or "nucleation site(s)" are
used herein we are using them in this assumed context.

In summary this testimony will demonstrate that the original
shotpeening of the replacement crankshafts by TDI, while not in

accordance with the required specifications, did not cause any

"stress nucleation sites" and that the re-peening by MIC




corrected or eliminated any problem with TDI's peening.
Additionally this testimony will demonstrate that the re-peening
by MIC of two of the crankshafts and the original peening by MIC
of the third crankshaft accomplished the intended purpose of
increasing compressive stresses in the fillet areas. Finally,
the testimony will demonstrate that the shotpeening resulted in a
significant increase in the fatigue or endurance limits of these

crankshafts.

II. BACKGROUND

4. Why was the recommendation made to shotpeern the fillet
areas of the replacement crankshafts?

A. (Wells, Seaman) The original 13" x 11" crankshaft
failed due to a f:.igue crack which initiated at the surface of
the machined fillet radius where the crankpin blends into the
web. FaAA's analyses show that the fatigue crack which resulted
in the failure of the EDG ild% crankshaft began at a score mark
on the crankpin fillet. The transitional area from crankpin to
web and web to main journal is an area where the highest applied
surface tensile stress range occurs in the crankshaft. The 13" x
11" crankshaft that failed and the other two that had fatigue
cracks in a similar location were not shotpeened. It was FaAA's
and LILCO's opinion that shotpeening the fille* areas of the
replacement crankshafts would reduce mean surface tensile
stresses in the fillet area of the crankshaft by placing the
fillet surfaces in compression. Shotpeening renders the surface

less susceptible to handling damage such as the score mark where



cracking initiated on the original EDG #102 crankshaft. In
addition, shotpeening eliminates machine imperfections by
blending, as a result of plastic flow of the metal, and prevents
initiation of cracks on the machined fillet surface thus
providing a higher endurance limit for this area and
correspondingly for the crankshaft. While TDI, the manufacturer
of the Shoreham diesel generators did not believe that the

replacement crankshafts required shotpeening, it did concur in

the view that this was an acceptable application for shotpeening.

It should be noted also that TDI normally shotpeens crankshaft

fillet regions for its "V" configuration engines.

5. What exactly is shotpeening?

A. (Cimino, Burrell, Wells, Wachob) Shotpeening is a
sur face cold-working process that is used primarily to lengthen
fatigue life and prevent cracking of metal parts. Shotpeening is
also used to shape parts, overcome porosity, work harden
surfaces, protect against stress corrosion or corrosion fatigue
and for many other purpcses. In shotpeening, the surface of the
finished part is bombarded with round steel shot by special
machines under fully-controlled conditions. Each piece of shot
acts as a tiny peening hammer. When the surface has been peened
all over by the multitude of impacts, the resultant residually
stressed surface layer, which is in compression, prevents the
growth of microscopic defects.

It is well known that a crack will not initiate in, nor

propagate through a compressed layer. As nearly all fatigue,




stress corrosion and corrosion fatigue failures originate at the
surface of a part, the layer of compressive stress induced by
shotpeening produces a significant increase in the endurance

. limit, which many industries have learned to use in their
designs. The maximum compressive residual stress produced at or
near the surface is at least as great as one-half (%) the
ultimate tensile strength of the material. Shotpeening is used
to eliminate failures in existing designs, or to allow the use of

higher stress levels.

6. Why were the two replacement crankshafts previously
shotpeened by TDI, re-shotpeened by MIC?

A. (Wells, Seaman) When the two crankshafts shotpeened by

TDI arrived at Shoreham in early September 1983, they were

. visually examined by Dr. Wells of FaAA, Craig Seaman of LILCO and
personnel from Stone & Webster. This examination revealed that
the shotpeening did not meet the requirements of LILCO. There
were holiday areas where coverage was only 807 to 907 and not all
peening intensity tests (Almen strips) were accounted for, which
raised possible questions as to the coverage and the intensity of
the peening. This resulted in the issuance of an E&DCR, noting
the failure to comply with specifications. Exhibit #C-27. The
concern was that full credit for the beneficial effects of
shotpeening could not be taken.

As a result of the concern over the shctpeening TDI

performed, FaAA and LILCO sought the services of someone with
expertise and experience in the application of shotpeening to

obtain advice as to what should be done to these two crankshafts.




After inquiries made by FaAA and LILCO, MIC was retained as
someone with the necessary expertise and experience in the
application of shotpeening to areas such as the fillet areas of

the replacement crankshafts.

7. What did MIC do after being retained by LILCO?

A. (Cimino) At LILCO's and FaAA's request, Dennis Weiss
(also of MIC) and I traveled to Shoreham on September 15, 1983
and examined the shotpeening done by TDI on the fillet areas of
the two replacement crankshafts. After such examination we
recommended that the fillet areas of the crankshafts be
re-shotpeened because the peened areas were not wichin the
tolerances required from the fillet areas to the edge of the

journals and/or pin surfaces, there was unequal dimpling,

indicative of use of irregular sized shot, and there were holiday

areas where only 807 to 907 coverage was present. As a result of
our advice and the concurrence of FaAA, LILCC determined to have
us re-shotpeen the fillet areas of the replacement crankshafts at

the Shoreham site.

THE RE-SHOTPEENING AND ITS EFFECT
UPON THE CRANKSHAFTS

8. Describe the manner in which the replacement crankshafts
re-shotpeened by MIC?

A. (Cimino) I supervised a team from MIC that
re-shotpeened the two replacement crankshatts., We began work on

Friday night, September 17, 1983.




The crankshafts were placed on pedestals or stands which
allowed rotation of the crankshafts so that all fillet areas
could be completely saturated with shot. To prepare the
crankshafts for re-shotpeening, thev were washed with a chemical
solution to remove all traces of oil or other preservatives and
the areas on both sides of the fillets were taped in accordanco
with the tolerance specifications required by LILCO in MIL Spec.
No. 13165B. Exhibit #C-28. A tent was set up uver each of the
crankshafts so that shot could be contained within the tent. 1In
addition, Almen strips were set up for measuring shotpeening
intensity. Almen strips are flat pieces of metal which are
clamped to a solid block and exposed to a stream of shot. Upon
removal from the block the Almen strip will be curved. The
curvature will be convex on the peened side and the height of the
curved arc is measured on a special Almen gauge which serves as a
measure of the intensity. A .008-.010 C strip was utilized for
the Shoreham replacement crankshafts which provides surface
compression to a depth of .027"-.034" on ASTM A-668E metal such
as the replacement crankshafts. While MIL Spec. No. 13165B
required intensity to be checked by Almen strips every eight
hours of peening, MIC, in fact, checked peening intensity every

four hours of actual peening.

9. The report entitled "The Evaluation Of Diesel Generator
Failure At Shoreham Unit 1, Final Report, Failure Cause
Evaluation, April 6, 1984", by Franklin Research Center ("FRC
Report") indicates that one test strip or Almen strip used to
measure intensity exceeded the specified intensity by measuring
g.OllCinch. How does this affect the shotpeening that was done

y MIC?




A. (Cimino) The Almen strip that had an arc height of
0.011 inches as indicated by the FRC Report was outside the
specified peening intensity of 0.008-0.010. However, this was a
strip that MIC utilized to test saturation prior to the time any
actual peening was performed on the fillet areas of the
crankshafts. The definition of intensity requires that
saturation be reached. Saturation is the point at which che
peening time can be doubled without increasing the arc height
more than 10%Z. The strip measuring .011 inch was the strip
peened at twice the time required to reach a .010 inch arc height
thereby proving that the saturation of the .010 inch strip had
been reached. Thus, all Almen strips used to test peening
intensity during actual peening were within the required

specification of 0,008-0.010.

10. Please continue your description of the manner in which
MIC re-shotpeened the replacement crankshafts.

A. (Cimino) MIC utilized a pater.ed process called
"peenscan," approved by USA Military Specification, MIL - 13165-B
Amendment 2, to ensure uniformity and full coverage on the area
being shotpeened. In peenscanning a particular area being
shotpeened is coated with a flovrescent dye-type liquid prior to
the shotpeening and allowed to dry. All areas covered with dye
will show a green glow under a blacklight. After shotpeening is
completed the area is placed under this blacklight to see if any
green glow remains. If any glow remains the coverage is not
100%Z. In this case all fillet areas were checked for any green

glow and peened until all traces of the dye were completely gone.

10




MIC began shotpeening the replacement crankshaft fillet
areas on Friday September 17, 1983, and completed it on Tuesday

morning, September 20, 1983.

11. How cen one be certain that the shotpeening which MIC
performed on the two replacement crankshafts was in accordarce
with MIL Spec. No. 13165B and placed the surface stresses in the
fillet radii area of the crankshaft in compression?

A. (Cimino) As indicated above, MIC checked the

shotpeening intensity by use of Almen strips every four peening

1 €21

hours and peenscanned all fillet arescs of both crankshafts. In
addition, every two hours the shot was screened to ensure that no
broken shot was used and to ensure that the shot was uniform in
size and shape. Also, examinations under a microscope at the
site were cnnducted at the same time as the screening to further
ensure uniformity of shot shape and size. Finally, in addition
to these procedures LILCO Opereticonal Quality Assurance (0QA)
inspected and observed all aspects of the shotpeening from the
beginning to end. The OQA reports are attached as Exhibit
§C-29, MIC also documented its compliance with the specification
and issued a certification to LILCO that the peening was done in

accordance with MIL Spec. No. 13165B. Exhibit #C-30.

12, Do you agree that some photographs of the TDI
shotpeening show what appear to be cracks in the shotpeened
surfaces?

A.




A. (Wells, Seaman) These two crankshafts were subjected to
magnetic particle testing after machining by Krupp Stahl, (the
manufacturer) and no relevant indications were found. Exhibit
§C-31. Additionally, at the time the two crankshafts shotpeened
by TDI were received at Shoreham, Loth shafts were subjected to
magnetic particle testing and liquid penetrant testing. This
testing revealed no relevant surface cracks or indications.
Exhibit #C-32. Thus, the County's interpretation of these

photographs cannot be correct.

14, Have you reviewed the photographs of the re-peened
fillet areas that were reviewed by Franklin Research Center and
referred to in its report dated April 6, 1984?

A. (Wells, Seaman) Yes.

15. Are the shotpeened surfaces shown in these photographs
representative of all crankpin and main journal fillet
shotpeenirg?

A. (Wells, Seaman) Yes. As a result of MIC's re-peening
of the fillet areas of both crankshafts, the peening is uniform,
equally dimpled, and the shotp2ening at all fillet areas looks

exactly as it does in these photi_raphs.

16. How can one be assured that the re-shotpeening of the
two replacement crankshafts did not mask or cover "nucleation
sites" caused by previous shotpeening of the crankshafts by TDI?

A. (Burreil) As described above, the problems with regard
to the TDI shotpeening related to use of an irregular sized shot,

holiday areas indicating irregular surface coverage of shot,

unaccounted for Almen strips indicating insufficient evidence of




intensity and failure to comply with the tolerances specified in

the MIL Specification. The possibility of these types of

problems causing "stress nucleation sites" is extremely remote

and negligible. Additionally, as indicated above by various
witnesses, visual and other nondestructive examinations of the
TDI-peened fillet areas revealed no surface indications or
deficiencies which could reasonably be expected to cause a
"stress nucleation site." Finally, even if there had been
surface "stress nucleation sites™ such as the County speculates
may exist, proper repeening of the fillet areas would correct or
eliminate any such problem. Therefore, there is absolutely no
rationale for, and certainly no evidence supporting the County's
Contention 1(b) that there may have been "stress nucleation
sites" caused by the first shotpeening which may have been masked
or covered by the second shotpeening.

(Wells) Based upon my examination of the crankshafts
prior to their being re-peened by MIC and the nature of the
problems I observed with TDI's shotpeening, and based upon my
review of the records c¢f the nondestructive examinations
performed upon these two crankshafts, I am of the opinion that
there were no "stress nucleation sites'" present, to be masked or
covered by re-peening. It is also my opinion that the re-peening
by MIC would have corrected or eliminated any "stress nucleation
sites" such as the County contends 'may'" have existed rather than
masking them. This is quite simply because any surface "stress
nucleation site" small enough to escape detection by magnetic

particle testing and/or liquid penetrant testing would be




eliminated as a result of the plastic flow of the surface metal
caused by the re-peening.

(Wachob) Based upon the factual observations of the
problems of the TDI shotpeening set out by the witnesses above,
upon my review of the shotpeening records of TDI, and upon my
review of the various nondestructive examination records, it is
my opinion that the possibility of a surface "stress nucleation
site" being present in the fillet areas of the two replacement
crankshafts subsequent to TDI's peening and prior to MIC's
peening is extremely remote. It is also my opinion again, after
my review of nondestructive examination records of these two

crankshafts, that proper re-peening would have eliminated any

"stress nucleation sites" such as the County contends '"may'" have

existed for the reasons given by Mr. Burrell and Dr. Wells.

17. Do you have an opinion based on your experience and
expertise in shotpeening as to whether the surface stresses in
the fillet areas of the crankshafts have been placed in
compression by virtue of the second shotpeening?

A. (Burrell) Yes, based upon my review of TDI's
shotpeening records, MIC's shotpeening records, the records of
the nondestructive examinations performed upon the fillet areas
of the crankshafts, the visual observations previously described
by other witnesses and based upon my experience, it is my opinion
that the surface stresses in the fillet areas of the Shoreham
replacement crankshafts have been placed in compression and that
any cut, scratch, flaw, machine mark, etc. no deeper than the

compression area itself, will not be the initiation point of a

fatigue crack. Thus, any undesirable effects of the previous




shotpeening have been corrected. This, of course, is consistent
with the conclusion reached by the Franklin Research Center.

(Wells) 1 agree with the opinion expressed by Mr.

(Wachob) Based upon my review of the relevant records,
Dr. Well's, Mr. Seaman's and Mr. Cimino's description of the
original peening and the re-peening and based uvon my training

and technic.?! Lnowledge, I agree with Mr. Burrell's opinion.
g g P

18. On pages 135-136 of its testimony, the County states:
[S]hotpeening raises the stresses below the

compressed surface. When shotpeening introduces

compressive residual stress on the surface layer, the

adjacent underlying layers are put under tensile

stress. This shotpeen-induced tensile stress is

additive to the already present calculated stresses. A

fatigue failure does not necessarily have to begin on

the surface of the fillet; it may begin in a

sub-surface area....

Do you agree?

A. (Burrell, Wells, Wachob) We agree that shotpeening does
increase the residual tensile stress in the area below the
compressed or shotpeened area. However, this residual tensile
stress is additive only to the mean value of the operating stress
end not to the range of dynamic stress. Additionally, fatigue
cracks such as occurred in the failure of the original 13" x 11"
crankshaft, in almost all instances, initiate at external surface
areas. Subsurface fatigue cracking is very unusual and requires
the presence of a significant void or inclusion and a given

stress state, for initiation of a fatigue crack. There is always

possibility that any cast or forged piece of metal may contain

subsurface inclusion or void. The only protection against this




risk or possibility are the manufacturer's quality control
procedures for the melting, casting and forging processes and its
quality assurance procedures during and after the manufacturing
process. The replacement crankshafts for the EDGs were
manufactured by the West German firm of Krupp Stahl, A. G. Krupp
is a reputable manufacturer or forger of large metal parts such
as these crankshafts, whose forging and machining of these
crankshafts was certified by the American Bureau of Shipping as
evidenced bv its stamp on the Krupp certificates. See Exhibit
#C-31 and Exhibit #C-37. Additionally, Krupp's quality assurance
in the form of ultrasonic testing and magnetic particle testing

of these crankshafts revealed no relevant inclusions or voids.

3/
Exhibit #C-ISL&AAII of this provides as much reasonable assurance

as is possible, that nc subsurface voids or inclusions of
sufficient size to initiate a subsurface fatigue crack are
present in these crankshafts. Therefore, we conclude that the
possibility of this type of fatigue crack initiating in the

subsurface area is indeed quite remote. Ll wEr! id
Liteo’s wultrasonic tesling as wel as magnebic parsic/e an j“&
penefransd 7‘?‘/17 Joke wis revealed o releyand /nelusions or ¥eids.2EE
Echibid 2-33 Lnd Exhibid C-32, r&specé/ves .

19, Do you agree that the depth of the undercut areas for
machined toel runout appears in the photographs to be excessively
deep in some areas of the fillets and that shotpeening would
exacerbate the problem of '"stress raisers' created by the deep
runout and may mask the critical peoint in the way of the tool
runout so that residual compressive stress in these areas wruld
be insignificant?

A. (Wells, Seaman) No.

20, Why not?




A. (Wells, Seaman) Prior to MIC's re-peening of the fillet
areas all fillets were closely inspected by LILCO for "stress
raisers" and none were found. The undercut areas for tool runout
were not excessively deep, but to the contrary blended smcothlv
into the edges of the pins, journals and the webs. Thus if there
were ''stress raisers'" at those points they would be
insignificant. Further, the maximum stress concentration in the
fillet has been shown to be well removed from the intersection of
the fillet with the journ%ls, pins and webs. Additionally, since
the entire fillet areas of the crankpin and main journal were
shotpeened by MIC to within 0.03125" of the edge of the pins,
journals and webs, any "'stress raisers" in the undercut areas
would be placed in compression by the shotpeening.

(Burrell) I would agree with Dr. Wells and Mr. Seaman's
testimony that since the fillet areas were shotpeened within
0.03125" of the edge of the pins, journals, and webs any "stress
raisers'" in any so-called '"undercut areas" would be placed in

compression by the shotpeening.

21, Do you agree that some de.p, single shot impacts from
"
S

shotpeening may have occurred and may act as
because the areas around them go into tension?

tress raisers"

A. No.

22, Why not?

A. (Wells, Seaman) To begin with, found no evidence of
any isolated, single shot impacts on any of the fillets on the
crankshafts that would result in tensile stress on the surface.

Further, even if there had been any such impacts, the




re-shotpeening by MIC has eliminated any "stress raisers'" which

could have been produced.

(Burrell) I agree that any ''stress raiser' created by

any such isolated, single shot impacts would be eliminated by

MIC's re-peening.

23. The County contends that the shotpeening has resulted in
stressed and unstressed areas adjacent to each other which can be
the driving force for corrosion and environmental attack of tue
fillet and for stress cracking. The County further contends that
the rate of corrosion is increased because of the cathode-anode
area law, Do you agree?

A. No.

24, Why not?

A. (Burrell, Wells, Wachob) The surface of the pins,
journals and webs of the crankshafts are machined and are
therefore plastically deformed. Residual compressive stresses
rather than tensile stresses were found irn these surfaces from
FaAA's analyses of the original 13" x 11" crankshaft. Therefore
any major difference in surface energy between peened and
unpeened surfaces in this area is unlikely. Also, we do not
believe that corrosion and environmental attack of the fillet
area will occur in an oil environment such as the crankcase of
the Shoreham EDGs. The cathode-anode electrochemical principle
applies only in the presence of electrolytes which are not extant
within the crankcase of the Shoreham diesels. In addition there
are many authoritative references in the technical literature
that indicate corrosion or corrosion fatigue resistence can be

improved by shotpeening the surface. As an example, see Exhibit




§C-34, Thus, we conclude that cracking due to environment and

corrosion is not within the realm of possibility.

25. After the re-peening of the replacement crankshafts were
there any further tests performed to determine if any surface
indi(ations or nucleation sites were present?

A. (Johnson, Wells) Yes, after 300 hours of operation of

which 100 hours of operation were at 3500 KW or above in the

Shoreham diesel generators, the eight (8) crankpin fillet areas

of highest torsional stress on each of the three cranksha.ts were
subjected to high resolution eddy current testing. The eddy
current test recording thresholds were such that a 1/32" long x
1/64" deep or larger crack-like defect would be detected. No
such defect/indications were found. Exhibit #C-8.

(Seaman) In addition, the eight (8) crankpin fillet
areas of highest torsional stress on each of the three
crankshafts were subjected to liquid penetrant testing after this

300 hours of operation. No relevant indications were found.

Exhibit #C-8.

26. Would you consider this additional evidence of the
absence of masked or covered " "?

stress nucleation sites' '’

A. (Wells) Yes. The crankshafts were subjected to more
than one million torsional peak stress reversals during this 300
hours of operation of which 100 hours were at 3500 KW or above.
It is highly likely that any "stress nucleation site"™ which had
not been detected by previous nondestructive testing would have
initiated a fatigue crack during this 300 hours of operation of

such size that the high resolution eddy current testing and/or




liquid penetrant testing would have detected it. Thus, this is
additional evidence of the absence of "stress nucleation sites"

in these crankshafts.

27. Why were only two of the replacement crankshafts
re-shotpeened by MIC?

A. (Wells, Seaman) The third replacement crankshaft was

received by LILCC directly from Krupp Stahl, A. G., without being

shotpeened by TDI. Consequently, in late October, 1983, MIC
shotpeened the fillet areas of the third replacement crankshaft
in accordance with MIL Specification No. 13165B in the same
manner previously described in this testimony. A copy of the
documents indicating the quality assurance checks by MIC and
LILCO 0OQA are set forth in Exhibit #C-35 and #C-36 respectively.
Additionally, the pertinent nondestructive examination records

from Krupp and LiLCO which revealed no relevant indications, are

attached as Exhibit #C-37 and #C-38 respectively.

28, Is it true that proper shotpeening of crankshaft
fillets does not significantly increase their fatigue resistance?

A. (Burrell, Wells, Wachob). No.

29. Why not?

A. (Burrell, Wells, Wachob). The benefits of shotpeening
can be attributed to the resultant residual compressive surface
stress. This region although small in respect to the crankshaft
diameter is significant with regard to preventing the initiatior
of a fatigue crack in the surface region. Given the residual

compressive stresses and the actual operating stresses in the




fillet region, a fatigue crack will neither initiate in the
fillet area nor will any flaw or defect contained within the
shotpeened volume propagate. Additionally, the County mistakenly

equates the hardened depth of shotpeening with the effective

depth.

Finally, the County alleges that the effectiveness of any

shotpeening will be further reduced if the material is subject to
appreciable heat as the crankshafts are. This is preposterous
and utterly absurd. In order for heat to appreciably affect
shotpeening, temperature levels of at least 500° F must be

atta .ed. This temperature is completely unattainable within the
normal operating limits of the Shoreham diesels. The crankshaft
temperature is normally approximately 200° - 240° F and under
unusual circumstances it may go as high locally as 260° F.

Recent results on thermal relief of shotpeening residual stresses
show that at 392° F approximately 187 of the residual stress is
relieved in one hour at that temperature. Exhibit #C-39. Since
stress relief is a time-temperature related phenomenon, an
estimate of the time required to relieve the same amount of
residual stress at 240° F can be made. These calculations
indicate that more than 22,000 hours at 240° F would be required
to reduce residual stress by 187. Therefore, the County's

assertion has no technical basis.

30, Do you have an opinion as to whether the fatigue
endurance limit of all three (3) of the crankshafts has been
increased as a result of the shotpeening of the fillet radii?




A. (Burrell). Yes. Based upon my experience, in my
opinion the shotpeening of the three (3) replacement crankshaft
fillet areas has resulted in zn increase of approximately fifteen
(15%2) to twenty percent (202) in the fatigue endurance limit of

the crankshafts.

(Wells, Wachob) Yes. Although we cannot precisely quantify

the amount of the increase in fatigue endurance limits due to
shotpeening, we are of the opinion that it is a significant
incrrase, not inconsistent with the range indicated by Mr.

Burrell.

IV. CONCLUSION

Please summarize your conclusions.

(Wells, Wachob, Burrell) We conclude as follows:
The original shotpeening of the replacement
crankshafts by TDI while not adding the full beneficial
effect did no harm to the crankshaft.
The re-peening by MIC corrected any "alleged"
problems that could have existed as a result of the TDI
peening.
The compressive stresses in the fillet regions of
all three replacement crankshafts have been increased,
48 was intended.
The fatigue or endurance limit of the replacement
crankshafts has been significantly increased as a result
of shotpeening.

There is no basis for the County's contention 1(b).
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CLIFFORD H. WELLS

Specialized Professicnal Competence

Structural lifetime prediction and reliability analysis. nondestructive evaluation, mechanics of deforma-
tion and fracture, elevated temperature design methcds and anaiysis, mechanical test methods and
fracture analysis, microstructural mechanisms ol fatigue and material modeling, and integrated inspec-
tion and analysis systems for structural lifetime assurance

Past research includes mechanica! behavior of matcnials at high temperature and in aggressive
environments, development of a turbine rotor fatigue lifetime prediction system, modeling of matenal
deformation and fracture under complex stress states, development of mechanical testing methods

Background and Professional Honors

B.S. (Mechanical Engineering), Yale University
M.S. (Civil Engineering). Yale University

Ph.D. (Applied Mechanics), Yale University
Oak Ridge School of Reactor Technology

Vice-President, Research and Development
Failure Analysis Associates
Assistant to President and Director of Engineering Mechanics,
Southwest Research Institute
Assistant Manager, Materials Engineering and Research,
Pratt & Whitney Aircraft
Structural Engineer,
Oak Ridge National Laboratory
Research Assistant,
Yale University
Fellow ASME
President-elect, Federation of Materials Societies
Chairman, Air Force Studies Board Panel on NDE, National Research Council
Chairman, National Materials Advisory Board Coinmittee on Fatigue at Elevated Temperature
Member. National Materials Advisory Board Committee on Fretting Initiated Fatigue
Chairman, Executive Commitiee, Materials Division of ASME
EPRI Materials and Corrosion Committee
Metal Properties Council Subcommittee on Materials for Coal Conversion
Editor, Fatigue of Engineering Materials and Structures
Editor, Journal of Nondestructive Evaluation

Selected Publications

"Mechanical Test Methods for Coal Gasification Environments.” Proceedings of Conference on Properties
of Materials in Coal Gasification Environment, American Society for Metals (1881) (with L. A Zeiss
and R. D. Brown)

“Mechanical Pioperties of Alloys in Coal Gasification Atmosphere. Proceedings of Conference on the
Properties of Materials in Coal Gasification Environment, American Society for Metals (1981) (with
L.A Zeissand R D. Page)

“Reliability of Steam Turbine Rotors.” Proceedings of Conference on Residual Life, Copenhagen
Denmark (1980)

"Analysis of Life Prediction Methods for Time-Dependent Fatigue Crack Initiation in Nicke!-Base
Superalloys National Materials Advisory Board Publication NMAB-347, National Academy of
Sciences (1980)

“Migh-Temperature Fatigue Fatigue and Microstructure, 1978 ASM-TMS Seminar American Society
for Metais, pp. 307 333(1979

Development of an Automated Life Prediction Sy«tom for Steam Turbine Rotors,' ASME Paper

78-WA/DE-15, The American Society of Mechanical Engineers, New York (1978) (with T. S Cook
and H G Pennick)




“Fungamental Mechanisms,” Control of Fretting-Initiated Fatigue, National Materials Advisory Board
Report NMAB-333, National Academy of Sciences (1977)

“Fatigue at Elevated Temperature. edited by C. H. Wells, A E Carden and A. J McEvily, ASTM
Special Technical Publication No. 520 (1973)

“Quantitative Lifetime Assurance of Turbine Rotors. Fatigue Life Technology edited by T A. Cruse and
J. P Gallagher. ASME, pp. 37-51(1977)

“Uniaxiai Creep Behavior of Meta!s Under Cyclic Temperature and Stress or Strain Variations, Journal
of Applied Mechanics, Vol. 98. pp 445-449 (1976) (with PR Paslay).

“Mechanisms of Dynamic Degradation of Surtace Oxides” Proceedings of Symposium on Mechanical
Properties of Suitace Oxides, Metailurgical Scciety of AIME (1975) (with P S. Follansbee and
R. R Dils)

"Prospects of Lifetime Prediction in Creep and Fatigue. NSF Workshop on Inelastic Constitutive
Equations for Metals-Experimentation-Computation-Representation, edited by E. Krempl,

C H Wellsand Z. Zudans (1975)

“"Design Procedures for Elevated Temperature Low-Cycle Fatigue.' Proceedings of the 38th Meeting of
the Structures and Materials Panel, Advisory Group for Aerospace Research and Development,
NATO, AGARD-CP-155

“On the Applicability of Fracture Mechanics to Elevated Temperature Design,’ International Conference
on Creep and Fatigue in Elevated Temperature Applications, Institution of Mechanical Engineers,
London, England (with A J. McEvily)

“Electrochemical Grinding of Cylindrical Test Specimens Journal of Engineering for Industry, ASME
Transactions, Vol 93, pp 1090-1092 (1971) (with T W Knight. R. B. Barrow and L. A. Wiiliams, 1)

‘Creep of Single Crystal Nickei-Base Superalloy Tubes under Biaxial Tension,” Journal of Applied
Mechanics, ASME Transactions, Vol 38, pp 623-626 (1971) (with P R. Paslay, G. R. Leverant and
L. H Burck)

Mechanisms of Fatigue in the Creep Range. Metal Fatigue Damage Mechanism, Detection, Avoidance
and Repair, ASTM Special Technical Publication No. 495, pp. 61-127 (1971) (with M. Gell and
C. P Sullivan)

‘Fatigue of a Glass-Bead Blasted Nicke!-Base Superalloy, Metallurgical Transactions, Vol 1(6), p. 1595
(1970) (with L H Burck and C. P Sullivan)

‘The Fatigue Strength of Nickel-Base Superalloys.’ The Achievement of High Fatigue Resistance in
Metals and Alloys, ASTM Special Technical Publication No 467, p. 113 (1970) (with M. Gell and
G.R Leverant)

"An Analysis of Primary Creep of Face -Centered Cubic Crystals, Journal of Applied Mechanics. ASME
Transactions, Vol. 37 (3), p. 759 (1970) (with PR Paslay and G. R. Leverant)

Elevated Temperature Testing Methods. Manual on Low-Cycle Fatigue Testing, ASTM Special
Technical Publication No 465, p 87 (1969)
Interactions Between Creep and Low-Cycle Fatigue in Udimet 700 at 1400°F " Fatigue at High
Temperature, ASTM Special Technical Publication No 459, p. 59 (1969) (with C. P Sullivan).
“Low-Cycle Fatigue of T/-6AL-4V. ASM Transact.ons Quarterly, Vol 62, p. 263 (1969) (with C. P Sullivan).
An Analysis of the Effect of Slip Character on Cyclic Deformatiori and Fatigue.’ Acta Metallurgica,
Vol 17, p. 443 (1969)

A Small-Strain Plasticity Theory for Planar Slip Maicrials” Journal of Applied Mechanics, ASME
Transactions, Vol 36 (1), p. 15 (1969) (with P R. Faslay)

“The Control of Build-up and Diametral Growth in Shear Forming, Journal of Engineering for Industry.
ASME Transactions, Vol 90 (1), p 63 (1968)

“Low Cycle Fatigue of Udimet 700 at 1700°F "~ ASM Transactions Quarterly, Vol 61 (1), p. 149 (1968)
(with C. P Sullivan)

An Analysis of the Bauschinger Effect in Some Engineering Alloys, Journal of Basic Engineering,
ASME Transactions, Vol 89 (4), p. 833 (1967)

‘The Elastic Constants of a Directionally-Solidified, Nickel-Base Superalloy, Mar M-200" ASM
Transactions Quarterly, Vol 60 (2), p 270(1967)

The Etfect of Temperature on the Low -Cycle Fatigue Behavior of Udimet 700 ASM Transactions
Quarterly. Vol. 60, p 217 (1967) (witi C. P Sullivan)

An Improved High-Temperature E xtensometer Materials Research and Standards. Vol. 6 (1).p.20
(1966) (withD N fishler)

Low-Cycle Fatigue Damage of Udimet 700 at 1400 °F. ASM Transactions Quarterly, Vol. 58 (3). p. 391
(1965) (with C. P Sullivan)

The Low-Cycle Fatigue Characteristics of a Nichel - Base Scperalioy at Room Temperature. ASM
Transactions Quartedy, Vol 57 (4). p 841 (1964) (with C. P Sullivan)

‘The Latent Strain Hardening of Aluminum Alloy in Monotonic and Cyclic Loading. Applied Materials
Research, Vol 2(4) p 193 (1963)
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DUANE P JOHNSON

Specialized Professicnal Competence

Nondestructive evaluation and structural monitoring methods: production line inspection system
development, fieid inspection and monitoring services. inspection and monitoring reliability analysis,
nondestructive inspection procedure development and review, inspection level and interval opti-
mization, eddy current instrument development, advanced electromagnetic sensor development,
advanced signal processing, R&D on advanced nondestructive inspection and monitoring methods.

Background and Professional Honors
B.S. (Electrical Engineering) University of Minnesota. with High Distinction

M.S (Physics), University of Washington
Ph.D. (Physics), University of Washington

Manager. Nondestructive Evaluation and Monitoring, -
Failure Analysis Associates
President and Co-Founder,
Retuxtrol, Inc.
Supervisor, Nondestructive Inspection.
Pratt & Whitney Aircraft
Associate Professor of Physics,
American University. Cairo, Egypt

Member. American Society for Nondestructive Testing
Member, American Physical Society
Member. Institute of Electrical and Electronics Engineers

Selected Publications

“Review of State of the Art Inspections of Steam Turbine Blades, EPR| Steam Turbine Blade Reliability
Workshop (1982) (with E. K. Kietzman).

“Electromagnetic Testing of Ceramic Materials, EPRI Report (1981) (with L. Y. L. Shen).

“Controlled Reluctance Eddy Current Inspection of Steam Turbine Components. EPRI Workshop on
QDE of S;um Turbine and Electrical Generator Components (1980) (with S. Sarianand E. K.

ietzman).

"Assessment of Current NDI Techniques for Determining the Type, Location and Extent of Fossil-

Fired Boiler Tube Damage, EPRI Report (1980) (with E. R. Reinhart and S Sarian).

“Production Line Nondestructive Evaluation of Continuous Formed Metal Parts Using Controlled

Reluctance Eddy Current Probes. ASNT Spring Conference (1979) (with S. Sarian)

“Reliability of Flaw Detection by Nondestructive Inspection, Metals Handbook. Vol. 11 (with several
authors).

“Economics and Managerial Aspects of Nondestructive Testing Evaluation and Inspection in Aero-
space Manufacture, Appendix C. National Academy of Science Publication NRAB-337 (with
T L. Toomay). ¢

"Determination of Nondestructive Inspection Reliability Using Field or Production Data, Materials
Evaluation, Vol. 36 (1978).

“Estimation of Defect Detection Probability Using ASME Section X! UT Tests on Thick Section Steel
Weldments, ASM/ASTM/ASNT/ANS International Conference NDE in Nuclear Industry (1978)
(with T. L. Toomay and C. S. Davis).

"A Workable Approach for Extending the Life of Turbine Rotors. Fatigue Life Technology, ASME
Symposium (1977) (with P M. Besuner).

“Optimizing NDI Sensitivity. Metals Progress, Vol. 112 (1977)

"Inspoctlo)n Uncertair.ty. The Key Element in Nondestructive Inspection, Matanials Evaluation. Vol 39
(1976).
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HARRY F WACHOB

Specialized Professional Competence

Failure analysis and fractography (SEM, TEM and energy dispersive x-ray analysis); stress corrosion
cracking, hydrogen embrittiement. environmental effects on mechanical properties of ferrous and
nonferrous materials at room and elevated temperatures; fatigue, crack initiation and growth; brittle
traciure; accelerated tec ing and life prediction; mechanical test system design and cperation,

Background and Protessional Honors

B.S. (Materials Science & Engineering), Cornell University
M.S. (Materials Science & Engineering) Cornell University
Ph.D. (Materials Science & Engineering). . “rnell Un-versity (Phi Kappa Phi Honorary)

Senior Metallurgical Engineer,
Failure Analysis Associates

Member, American Society for Metals

Member, American Institute of Metallurgical Engineers

Member, American Welding Society

Outstanding Young Member of the Santa Clara Valley Chapter of ASM, 1981
Chairman, Santa Clara Valley Chapter of ASM, 1951-82

Vice Chairman, Santa Clara Valley Chapter of ASM, 1980-81

Selected Publications

“Very High Cycle Fatigue of a Forged Aluminum Alloy, Fatigue and Corrosion Fatigue up to Ultrasonic
Frequency (October 1981) (with H. Nelson).

“Influence of Microstructure on the Fatigue Crack Growth of A516 in Hydrogen, Tnird International
Conference on Effect of Hydrogen on Behavior of Materials, p. 703 (August 1980) (with H. Nelson)

"Effect of Strain Rate and Depressed Temperature on the Low Cycle Deformation Behavior of Alpha
Iron, Metallurgical Transactions, Vo!. 10 (3). p. 305 (1979) (with H. H. Johnson).

Halogen Stress Corrosion Cracking of Zircaloy-4,” Symposium on Environment-Sensitive Fracture

of Engineering Materials (1979) (with H. G. Nelson)

“Effect of Alloying Elements on the Equilibrium Partition of Nitrogen or Carbon in Ternary iron-Base
Alloys’ ARMCO Final Report (December 1979) (with A J Hecklerand J A Peterson).

"A Stress Corrosion Cracking Model for Pellet-Cladding Interaction Failures in Light-Water Reactor
Fuel Rods’ ASTM STP 681, Zirconium in the Nuclear Industry (1€78) (with J. T A. Raberts,
R L.Jones, E. Smith, D. Cubicciotti, A. K. Miller and F L. Yaggee)

'EPRI-NASA Cooperative Project on Stress Corrosion Cracking of Zircaloys, EPRI NP 717 Project
455-1, Final Report (March 1978) (with R. L. Jones, D. Cubicciottiand H. G. Nelson)

“Kinetics of Hydrogen Entry from TiFep ggMng 11Hx. Proceedings of the DOE Chemical/Hydrogen
Energy Systems Review, p. 409 (1978) (with H. G. Nelson).
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CRAIG K. SEAMAN
358 CLUBHOUSE CT.
CORAM, N.Y. 11727
(516) 929-6050 BUSINESS
(516) 698-0503 HOME

LONG ISLAND LIGHTING COMPANY
SHOREHAM NUCLEAR POWER STATION
(1979 - PRESENT)

AS PROGRAM MANAGER

. Established a program to provide an in-depth design review and quality
revalidation of Transamerica Delaval diesel generators to qualify these
units for nuclear emergency standby power. This program was required as
a result of numerous engine failures and negative NRC audits of the vendor.

. Responsible for presentations to utility executives to enlist participation
in the program - results: 11 of 11 utilities with operating licenses or
active construction programs are contributing and participating.

. Managed the program utilizing a team concept involving over 150 personnel
including engineers, scientists, diesel consultants, quality control
inspectors and clerical support.

AS SENIOR PROJECT ENGINEER

. Managed an on-time and budget Pre-Service Inspection Program including
providing expert testimony for the Atomic Safety and Licensing Board.

. Respcnsible for coordination of utility/architect engineer response to an
Independent Design Review resulting in a clean bill of health for Shoreham.

. Supervised an engineering section responsible for all mechanical engineering,
power systems, structural engineering, piping (including ASME) and pipe
supports engineering.

AS ASSISTANT PROJECT ENGINEER

. Responsible for plant betterment program - one example is a radwaste system
modification to back flushable etched disc filters which resulted in an
over $200,000 savings.

, Assisted in development of the first domestic Induction Heating Stress
Improvement Program for mitigation of stress corrosion cracking in
Reactor Recirc System piping including coordination with NRC, G.E.
and international firms.

. Engineering respomsibilities included NSSS systems, radwaste systems,
ASME piping and supports, and structural disciplines.




DANIEL INTERNATIONAL CORPORATION
ENRICO FERMI UNIT II
(1978 - 1979)

AS PROJECT ENGINEER

. Assigned to the Walbridge Aldinger Company (WACo) to establish the firm's
ability to perform piping and mechanical installations. As a direct result,
the WACo contract was increased 1002 to $40,000,000.

. Supervised an engineering office responsible for ANSI B31l.1 piping, fire
protection piping, the biological shield wall and temporary facilities.

AS CONSTRUCTION ENGINEER

., Assigned to a task force established to review three quality assurance manuals
and 40 construction procedures for effectiveness and efficiency - this effort
resulted in a 202 increase in productivity in the field.

. Responsible for drywell piping including planning, engineering, materials
procurement, and management of offsite programs in Michigan and California.

LONG ISLAND LIGHTING COMPANY
SHOREHAM NUCLEAR POWER STATION
(1975 - 1978)

AS_CONSTRUCTION SUPERVISOR

. Responsible for the first on-time completion of a mechanical system at
Shoreham - the Reactor Recirculation System in the Primary Containment.

. Established a coordinated construction team for piping and mechanical
equipment installation in the Primary Containment including - contractor
supervision, labor, quality control, cost engineering and scheduling.

. Assigned to a task force established to evaluate the construction program -
the result was a major construction reorganization with significant
improvements in progress, scheduling and cost control.

AS CONSTRUCTION COORDINATOR
. Provided a recommendation to purchase previously rented heavy construction
equipment which resulted in a savings of over $500,000.

. Monitored civil/structural construction and field engineering activities
including detailed renorting to management.

EDUCATION
Cornell University B.S. Engineering
Brooklyn Polytechnic 18 Credits toward

M.S. in Nuclear Engineering
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DOMINIC CIMINO
757 East Main Street
Bridgewater, New York 08807
(201) 560-8323 HOME

EDUCATION Stevens Institute of Technology,
Hoboken, New Jersey
B.E. Mechnical Engineering, 1975

WORK EXPERIENCE Springfield Industries (1976 - 1980)
Administrative and Technical Sales
of Steel Wire Products

Metal Improvements Company, Inc.

472 Barell Avenue, Carlstadt, New Jersey
(1980 - Present)

Responsible for plant operation and
administration of programs including
wingskin forming as well as other
experimental programs.

Responsible for small satellite plant.

Temporary Division Manager responsible
for complete metal improvement company
for three months.






% METAL IMPROVEMENT COMPANY, INC. . eor avenue

SUBSICIARY OF CURTISS-WRIGHT CORPORATION ADDISON, ILLINOIS 60101
TELEPHONE: (312) 543-4950
Shot Peening Service TELEX: 721430
RESUME

N. K. BURRELL

EDUCATICN: BSME UNIVERSITY OF ILLINOCIS 1950

SHOT PEENING EXPERIENCE:

Employed by Metal Improvement Company for over seventeen
years, thirteen of those functioning as Manager Technical
Service for the Chicago Division. Responsibility required

‘ consultation with Engineering and Metallurgical Personnel
as to solution of fatigue problems on various metal parts.
Have been involved in many investigations cf effects of
shot peening on crankshafts, and many nroduction programs
as a result thereof. Have never seen a case of shot
peening being detrimental to endurance limit of crank-
shafts. Currently Midwest Regional Sale Manager.

Author of many articles and technical papers on shot
peening the latest being "Controlled Shot Peening to
Increase the Fatigue Properties of Crankshafts”,
Delivered to the second International Conference on
shot peening in May, 1984 (copy enclosed)

w

EXECUTIVE OFFICE PARAMUS, N.J

DIVISIONS. CLEVELAND, OMH CARLSTADT,NJ. - ADDISON, ILL - WINDSOR CONN - LOS ANGELES, CALIF. . FARMINGDALE NY
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MR. STROUPE: At this time the witnesses are

tendared for cross—examination.
JUDGE BRENNERs: All right.
We’1ll get the Staff’s testimony sworn in a moment .
As a minor thing, there are a few answers in the
LILCO shot-peening testimony for which the witnesses are not
identifieds they are almost always the answers that are
"No,* and then there’s a followup question and answer, "Why
not?"® And for the followup the witnesses are identified.
I am inferring that the witnesses on the followup
answer are the same ones as on the initial one.
MR. STROUPE: That’s exactly correct.
JUDGE BRENNERs All right.
Mr. Goddard.
MR. GODDARD: Thank you.
BY MR. GODDARD®
0 Dr. Bush, do you have a copy of the NRC’s
testimony in this proceeding?
A (Witness Bush) I do.
Q As to each of the answers therein which identify
in parentheticals as being provided in whole. or subscribed
to in whole, by you, are each of these answers true and

Irr y best of your knowldge, and do you adopt them

.imony in this case?

0.
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Q And do you similarly adopt Exhibit 5 as being true
and correct to the best of your knowledge as being an
exhibit referenced in your testimony on shot-peening?

A Yes.

(Whereupon the document referred to
was marked for i{dentification as
Exhibit 5.)

MR. GODDARDs The Staff would move that this
testimony and exhibit be hound into the record as though
read at this point in the proceeding.

Judge Brenner, because of the assembly of the
Staff testimony and exhibits, is it permissible to hind the
entire Staff testimony in at this point in the record?

JUDGE BRENNER: Yes, we can do that, with the
{ndication that the only portions of that which we are
actually admitting into evidence are the portions sponsored
by Dr. Bush. But I want you to give a better identification
of which portions particularly you are seeking to be
admitted into evidence, other than the general reference to
those sponsored by him.

MR. GODDARDs At this point, the portion that is
to be considered in evidence, and for which Dr. Bush is
tendered for cross-examination, i{s the shot=peening

testimony at pages 18 through 21 of the Staff testimony.
JUDGE BRENNER: Well, what about the last question
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WRBwrb and answer on page 15 and the first question and answer on
page 167
MR. GODDARD: [ would move that the
cross-2xamination on those be withheld until after the
cross-examination of the entire panel on snot-pesning, but I
want to make Dr. Bush available for cross-examination on
those two at that time.

If vou feel it would be more efficient to include
that at this time, the Staff does recojnize that Dr. Bush {is
the sole sponsor of that testimony on the natericl
properties of the crankshafts.

JUDGE BRENNER: Well, let’s admit that at this
time, tco, and the parties can cross-examine him in
whichever sequence they want.

MR. GODDARD: Thank you, Judge Brenner.

JUDGE BRENNERS All richts the Staff’/s motion to
admit t portion of testimony just identified as heing

sponsorec by Dr. Bush is admi tted into evidence. O course,

any conclusions elsewhere in the testimony that depend on

those portions are ripe for cross—examination at this time,
also. They are just summaries which cccur mostly in the
haginning. For convenience, however, we will bind i~ the
entire joint testimony of Carl H. Berlinger,

Spencer H. Bush, Adam J. Henriksen, Walter W, Laity and

Professor Arthur Sarsten on contentions concerning )1
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diesel generctors at the Shoreham Nuc lear Power Station,
Volume 1, which consists of fifty-five pages plus
attachments which contalin the witnesses’ professional
qualifications, and we will bind that in at this point.
(Joint testimony of Carl H. Berlinger, Spencer H.
Bush, Adam J. Henricksen, Walter W. Laity, ana
Professor Arthur Sarsten on contentions conce:ning
TD! emergency diesel generators at the Shoreham

Nuclear Power Station follows.)
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INTRODUCTION

Q. Please state your names, your business addresses, and your pro-

fessional qualifications.

A. (Berlinger) My name is Carl H, Berlinger. 1 am the NRC Project
Group Manager for matters pertaining to Transamerica Delaval, Inc., emergency
diesel generators. A summary of my professional qualifications and experience
is included as Attachment 1.

A. (Bush) My name is Spencer H, Bush. 1 am self-emplouyed, under the
firm name of Review and Synthesis Associates. A summary of my professional

qualifications and experience is included as Attachment 2.

A. (Henriksen) My name is Adam J. Henriksen. I am self-employed, under
the firm name of Adam J. Henriksen, Inc. A summary of my professional qualifi-

cations and experience is included as Attachment 3.

A. (Laity) My name is Walter W. Laity. ! am employed by Battelle
Memorial Institute at the Pacific Northwest Laboratory in Richland,
Washington. A summary of my professional qualifications and experience is

included as Attachment 4.

A. (Sarsten) My name is Arthur Sarsten. I am 2 member of the faculty

of the Norwegian Institute of Technology at Trondheim, Norway. A summary of my

professional qualifications and experience is included as A.tachment 5.




Q. What is the subject matter of your testimeony?

A. (Berlinger) My testimony addresses comments by the NRC staff on the

testimony presented by NRC's consultants.

A. (Bush) My testimony addresses metallurgical considerations related
to crankshaft fabrication and shotpeening, crack initiation and propagation,

and nondestructive examination.

A, (HMenriksen) My testimony addresses the technical adequacy of the
four components discussed in Suffolk County's contentions, excluding analytical

methods for fracture mechanics and stress analysis.

A. (Laity) My testimony addresses che technical assistance that the
Pacific Northwest Laboratory is providing to the NRC staff in the review and

evaluation of Transamerica Delaval, Inc. (TDI) emergency diesel generators.

A. (Sarsten) My testimony addresses stress analysis of diesel engine

components and standards for the design of crankshafts.
Q. How is this testimony organized?

A. {(Berlinger, Laity) First, the technical assistance that the Pacific
Northwest Laboratory (PNL) is providing to the NRC staff is discussed. This is
followed, in turn, by a summary of the testimony presented by the witnesses,
and a summary of the premises on which this testimony is based. Suffolk
County's contentions admitted by the Atomic Safety and Licensing Soard are then

addressed.



Role of the Pacific Northwest Laboratory

Q. What is PNL's role with the NRC staff on matters pertaining to TDI

diesel engines?

A. (Berlinger, Laity) PNL is providing technical assistance to the NRC
staff in reviewing the program established by the TDI Diesel Generator Owners'
Group for assessing the adequacy of TDI diesel generators as emergency power
sources for safety-related nuclear systems. I (Laity) head the project

management team established at PNL for this effort.

PNL's role is to evaluate the technical adequacy of reports and related
information submitted to the NRC staff on TDI diesel gener&tors, and to
identify any matters that require clarification or elaboration. while PNL's
reviewers may perform calculations as appropriate for the review process, it is
not the role of PNL to perform independent analyses of the components in

question.

PNL has secured the services of several consultants who have extensive
experiencs in the design, testing, operation, and maintenance of medium-speed
diese! engines. The PNL project management team also calls upon experts as
necessary in areas such as metallurgy, fracture mechanics, stress analysis,
nondestructive testing, and heat transfer. These experts provide advice and
counsel to PNL and to the NRC staff on the numerous issues that have been
raised in regard *o the adequacy of TDI diesel generators as emergency power

sources for nuclear systems.

In the preparation of this testimony, the witnesses have reviewed the

testimonies filed by Suffolk County and by Long Island Lighting Company



(LILCO). The witnesses have also reviewed varicus relevant documents submitted
by the TDI Diesel Generator Owners' Group to the iWRC staff, and participated in
meetings of the Owners' Group with the Staff. Two of the PML witnesses (Laity
and Henriksen, a PNL consultant) have examined key components of the TDI

diesels at the Shoreham Muclear Power Station during engine disassemblies.

Summary of Testimony

Q. Please summarize your testimony on the four components in contention,

A. (A11) 1In summary, the information available for our review from
LILCO and from the TDI Diesel Generator Owners' Group did not provide an
adequate basis for us to reach an unequivocal conclusion regarding the overall
adequacy of the Shoreham TDI diesel generatcrs as emergency power sources for
nuclear systems. Our reservations pertain to two of the four components in
contention: the crankshafts, and the cylinder blocks for the 101 and
102 engines. The following is a brief summary of our position on these com-

ponents and on the other two components in contention.

Crankshafts

We have concluded that, at rated engine load, the torsional stresses in

the crankshafts exceed the DEMA Standard Practices. Although the crankshafts

may still perform satisfactorily, we believe that the information available for
our review is not conclusive in this regard. One approach that would resolve
our concern about the crankshafts would be to test an engine (either the

101 engine or the 102 engine to also resolve concerns about the cylinder



blocks) to 107 cycles (about 740 hours) at rated load, with the engine operated

at 110% of rated load for 2 hours out of every 24 hours.

On the tasis of information presented in LILCO's testimony, we have con-
cluded that neither the first shotpeening nor the second shotpeening of two of
the crankshafts deqraded their fatigue resistance. Rather, the second shot-
peening may have enhanced the crankshafts' fatigue resistance. However, in our

opinion, the effect is not quantifiable from available information.

Cylinaer Blocks

Our reservations about the cylinder blocks stem from unresolved questions
as to whether or not existing cracks in the camshaft gallery are benign.
Pending a more definitive explanation of the origin of these cracks, the
stresses in the area where they are located, and the predicted path of crack
propagation, we do not have an adequate basis for drawing a conclusion about
the suitability of these blocks for nuclear standby service. In our opinion,
conclusive information about the behavior of these cracks could be obtained
from an engine test as described above for the crankshafts, provided the cracks
are characterized as to length, depth, and direction before and after the test,

and appropriate strain gage measurements are taken during the test.

Operating experience with the Shoreham engines and with TDI engines at
other nuclzar power stations suggests that ligament cracks present in the
101 and 102 blocks be’ veen the cylinder liner conterbore and the head studs
will arrest. This assumes that the material in the cylinder blocks conforms to
specifications for ASTM class 40 gray-iron castings. I[f the ligament cracks
arrest, the probability of a crack initiating between studs for adjacent

cylinders and propagating into the blocks is, in our opinion, very low because



of a limited driving force. However, the blocks should be inonitored for
this type of cracking with an appropriate nondestructive examination
technique. It is difficult to predict the location of crack initiation,
which conceivably could start at the threads in the holes for the head
studs rather than at the surface of the block. Accordingly, the
potential for subsuiface cracks should be considered in the selection of
the most appropriate NDE technique.

Cylinder Heads

On the basis of known operating experience with TDI heads, we have
concluded that problems in service are indicative of manufacturing defects
rather than design deficiencies. Subject to nondestructive examination
of the firedecks of all cylinder heads at Shoreham, use of heads with no
through-wall weld repairs of the firedeck, and surveillance after each
time the engine is operated to detect coolant leaks into the cylinders,
we have concluded that the heads are suitable for nuclear service through
to shutdown for the first refueling.

Piston Skirts

On the basis of operating experience in the R-5 test engine at DI with
piston skirts similar in design to the AE piston skirts installed in the
Shoreham engines, and subject to nondestructive examination of all pistons
in the area of the stud bosses, we have concluded that the AE pisten skirts
are suitable for nuclear service through to the shutdown for the first
refueling.

Based on the testimony summarized above, the NRC staff believes that these
components may be qualified for nuclear standby service at Shoreham if:

1) &n engine (either the 101 or 102) is tested at its rated load (either the
current FSAR value or a new lower value), 2) the engine block is inspe:zed using

nondestructive techniques before and after the test to characterize the cracks in



the block, and other key engine components are inspected after the test, 3) the
engine block is instrumented during the test with strain gages, 4) the appli-
cant provides additional information to resolve outstanding Scaff questions
concerning the crankshafts and engine blocks, and 5) the applicant performs
limited destructive examinations of the old 103 engine block to resolve out-
standing Staff questions concerning cracks in the blocks. The successful com-
pletion of these actions is considered to be confirmatcry in nature as they are
expected to provide a basis for concluding that these components are satisfac-

tory for their intended service.

Premises on Which This Testimony is Based

Q. Have the witnesses in this testimony identified any premises common

to their evaluation of all of the contentions to be addressed?

A. (Al11) Yes. Our principal premise is that the TDI diesel generators
at Shoreham will be reassessed at the time of the first refueling, or after
about 1 yéyears of operation. We anticipate that all phases of the Owners'
Group Plan for TDI diesel generators and the plant-specific Design Review and
Quality Revalidation of the Shoreham engines will be completed and implemented
by the first refueling. In our opinion, it would be more appropriate to decide
questions of long-term reliability and operability of the TDI diesels as that

time approaches, rather than now.



Other premises on action to be taken before the engines are placed in
nuclear standby service are as follows:
e nondestructive exzmination of all piston skirts, cylinder heacds, oil
‘ holes in all crankshaft main-bearing journals, and oil holes in the
most heavily loaded crankpin journals
e nondestructive examination of the top surface of each engine block to
verify that no stud-to-stud cracks are present between adjacent
cylinders
e preoperational crankshaft deflection tests under hot and cold con-
ditions.
An additional premise is that, following each time an engine is operated,
the engine will be rolled over with the air-start system 4 to 8 hours after
shutdown, 24 hours after shutdown, and before each planned start to check for

. water in the cylinders.



CRANKSHAFTS

Contention

a. The replacement crankshafts at Shoreham are not adequately designed for
operating at full load (3500 kW) or overload (3900 kW), as required by
FSAR Section 8.3.1.1.5, because they do not meet the standards of the
American Bureau of Shipping, Lloyd's Registry of Shipping, or the Inter-
national Association of Classification Societies. In addition, the
replacement crankshafts are not adequately designed for operating at over-
load, and their design is marginal for operating at full load, under the
German criteria used by FEV.
Q. Have you reviewed the testimony filed by the County on July 31, 1984,

in support of its contentions regarding the crankshafts in these proceedings?
A, VYes.

Q. How are the design rules promulgated by the various classification

societies used to assure the adequate design of a diesel engine crankshaft?

A. (Henriksen, Sarsten) A number of organizations provide rules or

limits for the design of diesel engines. Some of these organizations are:

e Diesel Engine Manufacturers Association (DEMA)

e American Bureau of Shipping (ABS)

e Lloyd's Registry of Shipping

e International Association of Classification Societies (IACS)

e Det Norske Veritas

e Germanischer Lloyd

e Nippon Kaiji Kyokal (NKK).
A1l of these organizations with the exception of DEMA have formed design rules
as a guideline for the insurability of diesel engines in marine service. The

design rules established by each of these organizations represent the
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axperience of the organization on the design/analysis procedures, materials,
fabrication techniques, anc testing methods that would produce an adequate
engine design. Because these rules were formulated by different people under
different circumstances, they differ somewhat in approach and detail. The
rules are often subject to, or often require, interpretation and discussion
with the classification society. These societies provide a mechanism whereby a
diesel engine manufacturer who comes up with a design that does not comply
strictly with the societies' rules can apply for and receive approval for the
design upon submission of stress analyses or other supporting data. These
rules may change with time as new design techniques, materials, and fabrication

methods are developed.

DEMA is an American trade association of diesel engine manufacturers. In

a publication titled Standard Practices for Low and Medium Speed Stationary

Diesel and Gas Engines, DEMA describes various aspects of the design, opera-

tion, and testing of diesel engines. For crankshafts, DEMA provides
guidelines only for allowable stresses associated with torsional vibratory con-
ditions. DEMA does not provide any guidance for crankshaft dimensions, mater-

ial properties, or methods of fabrication.

Q. Should a crankshaft satisfy the rules or design guidelines of several

classification societies?

A. (HMenriksen, Sarsten) Not necessarily. There is no requirement for
this. A designer may choose to follow the design rules of one or more class-
ification societies in accordance with potential market preferences. In the
case of the Shoreham engines, the applicable standard is IEEE Std 387-1977,

"IEEE Standard Criteria for Diesel-Generator Units Applied as Standby Power

10



Supplies for Nuclear Power Generating Stations." This standard invokes DEMA

Standard Practices as one of the reference standards. No other rules or stan-

dards for the design of diesel engines are invoked.

Except tor the DEMA Standard Practices referenced above, the rules of the

classification societies are for engines designed to operate in marine applica-
tions. Marine engines are exposed to conditions far different from those for
standby engines at nuclear power plants. In is not neccessary for good design
practice that nuclear standby engines meet any of the rules established by

classification societies for marine engines.

Q. Have you reviewed the County's analysis of compliance of the crank-
shafts with rules of the American Bureau of Shipping, as documented in

Exhibit 40 of the County's testimony?

A. (Henriksen, Sarsten) Yes., We do not agree with the County's inter-
pretation of the ABS rules regarding the section modulus of the crank webs, and
we do not agree with the County's conclusion that the crankshaft dimensions do
not meet the ABS rules. In our opinion, the County's interpretation is not
consistent with the interpretation explained by Mr. R, Woytowich during the
County's deposition of R. Woytowich, H. C. Blanding and R. A. Guiffra of ABS on
July 18, 1984 (pages 129-130 of the transcript). We chected the crank web
dimensions of the Shoreham crankshafts on the basis of the interpretation of
Mr. Woytowich, and concluded that they do, indeed, meet the ABS requirements at

both 3500 kW and 3900 kW. Our evaluation is included as Exhibit 1.

11



Q. Have you reviewed Dr. Simon Chen's analysis of compliance of the
crankshafts with DEMA guidelines for torsional stresses, as documented in

Exhibit C18 of LILCO's testimony?
A. (Sarsten) Yes, . nave.
Q. What is your assessment of Dr. Chen's analysis?

A, (Sarsten) First, the program employed in Dr. Chen's analysis was
limited to the vector sum of only six orders of vibration, but had been
expanded to 12 orders by a special subroutine added by him. This accounts for
only half of the 24 orders now normally used. Although the 12 orders include
the most significant ones, the remaining 12 contribute to the accuracy of the

analysis and should be considered.

Second, the harmonic coefficients (Tn) employed in the analysis are based
upon a table appearing in Lloyd's Registry of Shipping standards ("Guidance
Notes on Torsional Vibration Characteristics of Main and Auxiliary 0i1 Engines”
1976) rather than on values based upon actual cylinder pressure measurements
taken on one of the TDI engines at Shoreham. (The latter values were used in
an analysis performed by Failure Analysis Associates.) The free-end amplitude
of 0.59 degrees calculated by Chen differs from the measured value of
0.693 gegrees on a Shoreham engine by 14.9%. With current calculational

methods, the calculated and measured values <hould be in much closer agreement.

Q. Have you reviewed the crankshaft analysis performed by Failure

Analysis Associates (Exhibit C17 of LILCO's testimony)?

A. (Sarsten) Yes. FaAA used harmonic coefficients based upon actual

measurements referred to in the previous answer. Furthermore, FaAA's comp:ter




program employed a modal superposition of an undamped system using a slight

modal damping, and combined 24 excitation harmonics. FaAA concluded that the

stresses meet DEMA Standard Practices, which limit stresses to less than

5000 psi for any single order of vibration and to less than 7000 psi for the
summation of the orders. FaAA's results are much closer to DEMA limits than

are Chen's results.

Q. Did you perform an analysis of the torsional stresses for the sum of

24 orders of vibration?

A. (Sarsten) Yes. These results are plotted in Exhibit 2. My analysis
is for engine operation at 3500 kW, and employs the same T, values (TDI Owners'
Group harmonic data) used by FaAA. The results are preliminary, and are
subject to some slight refinements and checks. However, I anticipate that any
changes in my results are unlikely to affect my conclusions to any significant

degree.

For Section No. 6 of the crankshaft (i.e., the torsional spring represent-
ing the crankshaft elasticity between cylinders 5 and 6), my analysis shows
that the stresses for the sum of all orders exceed the DEMA limit of 7000 psi
over the entire speed range called for by DEMA, i.e., from 5% below rated ¢peed

to 5% above ratad speed.
Q. Dia you also calculate tne stress levels for single orders?

A. (Sarsten) VYes. These results are plotted in Exhibit 3. At the
rated speed of 450 rpm, the maximum torsional vibratory stress in the crank-

shaft occurs for the Ath order. My calculated value for this stress at 450 rpm

is approximately 3800 psi. Values of this stress remain below the DEMA limit




of 5000 psi throughout the speed range called for by DEMA. The rise of the 51p
order above the 5000-psi limit at 95% of rated speed is not considered impor-
tant, as the actual stress values so near resonance will depend upon the
damping values assumed. Thus, in my view, the crankshaft dces meet the DEMA

requirements for single orders.
Q. FEy #hat means were these stress values computed?

A. (Sarsten)} 1 employed a computer program called comuoL (@) (acronym
for COMplex HOLzer), which calculates the steady-state forced vibration of
damped linear systems subjected to periodic forcing functions represented by a
Fourier series of harmonics. The shaft and mass damping are represented by

complex constants.
Q. How do your resuits compare with those reported by FaAA?

A. (Sarsten) The stresses that I have calculated for the sum of all
orders are somewhat higher than those predicted by FaAA. For example, at the
rated speed of 450 rpm, my calculations for the sum of all orders predict a
torsional stress of 7096 psi in comparison to the 6626 psi predicted by FaAA,
My calculations predict a front-end vibrational amplitude of 0.690 degrees in
comparison to 0.662 degrees predicted by FaAA. The Stone & Webster Engineering
Corporation m_asured a front-end amplitude of 0.693 degrees on a TDI engine at

full load (as referenced in Exhibit C17 of LILCO's testimony).

(a) Nervik, K. R., and A, Sarsten. January 1981. User's Manual: Computer
Program COMHOL2 for Analysis of Forced Torsional Vibrations of Linear
Uamgea sttems. Department of Marine Technology, 1he Norwegian Institute

of lechnology, Trondheim, Norway.
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Q. How do your results compare with ABS rules?

A. (Sarsten) In addition to its requirements for zrankshaft dimensions,
+he ABS also requires that the cyclic torsional stresses be held below specific
limits that depend upon factors such as engine speed, material, etc. TDI has
calculzted these values for the Shoreham engines(‘) and arrived at 3357 psi for
a single order, and 5035 psi for total vibratory stresses as the limits that
would be allowed by paragraph 34,47 of the 1984 ABS Rules. According to my
calculations, thase stress limits are éxceeded (3608 and 7096 psi, respec-

tively, corrected for front-end measured amplitude).

Q. Does the method of crankshaft fabrication enter into the evaluation

of its adequacy?

A. (Sarsten) Yes, for some of the classification societies (e.g., Det

Norske Veritas).

Q. How were the replacemént crankshafts fabricated for the Shoreham

engines?

A. (Bush) It is our understanding that a forged-slab, hot-twisted fab-
rication process was employed. PNL (S. Dahlgren) was informed during a tele-
phone conversation with W. Coleman of the TDI Diesel Generator Owners' Group on

August 9, 1984, that this process was used.

(a) These values are documented on page 21 of the report enclosed with a letter
dated May 3, 1984, from ABS (R. Giuffra) to TDI (R. Yang). The letter and
the applicable page of the report are included as Exhibit 4 of this
testimony.

15



Q. How does this hot-twisted fabrication process compare with a closed

forging proces.?

A. (Bush) A closed-forged(°) crankshaft will have isotropic properties,
whereas a slab-forged and hot-twisted crankshaft will yield anisotropic mechan-
jcal properties. An appropriate heat treatment will improve the properties,

but not to the degree possible with closed forging.

A more significant factor is the property gradient across the slab. in a
closed forging the maximum mechanical properties exist throughout the overall
surface, subject to the degree of machining. A slab~forged and twisted crank-
shaft will display a definite gradient in mechanical properties from centerline
to surface. This means that some areas of the crankshaft will display lower

properties in some regions.

The nondestructive examinations, both ultrasonic and magnetic particle,
confirm there were no gross slag inclusions near the centerline, which is a

positive faztor.

Q. FaAA has analyzed the crankshaft safety factor for the replacement
crankshaft, and arrived at the conclusion that the crankshaft was adequate., Is

this not sufficient oroof of adequacy?

A. (Sarsten) The failure of the original crankshaft gave a bench mark
for the calculation of the factor of safety of the replacement crankshaft. The
result reflects only a single point of reference. I would prefer to assess the

adequacy of the crankshaft based upon the large amount of data represented by

{a) We are defining closed forging as using shaped dies to hot form the metal
after an initial hot forging breakdown to homogenize the formed ingot.
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the appropriate classification societies' rules and their experience in the
iaterpretation of these rules. This should provide a conservative basis for

the evaluation.
Q. Is there any way to assess the crankshaft adequacy through testing?

A. (Sarsten) Yes. One could, of course, operate the engine for a suf-
ficient number of cycles. The figure of 107 cycles is often accepted as a suf-
ficient number in such cases. This number of cycles for a four-cycle engine at
450 rpm corresponds to around 740 total running hours. If a subsequent
detailed inspection of the crankshaft fails to reveal any deleterious effects,
the crankshaft could then be accepted as adequate for the load and conditions

at which it had been operated for these 107 cycles.

Q. Can you summarize your conclusions regarding the adequacy of the

crankshaft?

A. (Sarsten, Henriksen) Based upon my (Sarsten's) analysis, the crank-

shafts do not meet DEMA Standard Practices regarding torsional stresses at the

rated load of the engine. This does not necessarily imply that the crankshafts
are inadequate for their intended service. However, from the information we
have reviewed, we do not have a sufficient basis for concluding that the

crankshafts are adequate.

The crankshafts do not have to meet the requirements of any or all of the
classification societies for this applicatior. On the basis of our review, we
believe that they in fact do meet the requirements of ABS with regard to
physical dimensions. In my (Sarsten's) opinion, they do not meet the ABS

requirements regarding torsional vibration stresses.
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1t is also our opinion that crankshaft adequacy for a given load and con-
ditions could be established by running a crankshaft under those conditions for

107 cycles.

We believe that nondestructive tests to confirm that the crankshafts are
sound should include, in addition to the tests already performed, examinations
of all oi) holes in main bearing journals and the oil holes in the most heavily

loaded crankpin journals.

Contention

b. The shotpeening of the replacenent crankshafts was not properly done
as set forth by the Franklin Research Institute report, “Evaluation
of Diesel Generator Failure at Shoreham Unit 1, April 5, 1984," and
the shotpeening may have caused stress nucleations sites. The pre=-
sence of nucleation sites may not be ascertainable due to the second
shotpeening of the crankshafts.
Q. Do you believe that shotpeening of the Shoreham crankshafts was

necessary?

A. (Bush) In my opinion, shotpeening of the Shoreham crankshafts
probably was not necessary. The fillet radii are quite large, on the order of
0.75 inch, so the stress concentration factors at the fillets should be low.
With low stress concentration factors, the probability of crack initiation by
fatigue is reduced. Shotpeening of the fillet region is effective in inducing
localized compression zones at and slightly below the surface to minimize local
tensile or bending stresses at the fillets while undergoing cyclic loading dur-
ing operation. 1 consider shotpeening, if done correctly, to be beneficial.
Shotpeening has been performed on millions of rotating parts such as camshafts
and crankshafts in automobiles, etc., as well as on many millions of springs,

and the operational histories have been very good.



Q. Do you consider the original shotpeening adequate?

A. (Bush) No. Surface coverage was inadequate; furthermore, the QA
records on the original shotpeening, at least those we have seen, do not yield
sufficient information. A definite plus was the report of visual examination
and of magnetic particle testing at LILCO that confirm that the as-received
surface condition after original shotpeening at TDI was acceptable. A concern
with shotpeening is shot breakage and embedment so that the surface contains

many indentations. As reported, this was not the case.
Q. Do you consider reshotpeening as deleterious?

A. (Bush) No. There have been experiments on high strength steel,
which would be much more susceptible to small indentations serving as stress
risers for fatigue crack propagation than would be true with the lower tensile
strength material in crankshafts, and there was no perceptible decrease in
fatigue resistance after five shotpeening cycles. In fact, Kohls et al.
(Exhibit 5) found that the fatigue resistance was enhanced with added cycles
through three, and did not deteriorate with five cycles. The surface compres-
sive layer is a major deterrent to the initiation and propagation of fatigue

cracks under cyclic fatigue loads.

Q. Can shotpeening lead to a detericration of properties below the sur-

face, leading to internal crack propagation and ultimate failure?

A, (Bush) I doubt this would occur unless there was a large embedded
flaw. This would have been detected by the extensive uitrasonic testing con-
ducted during fabrication. [ am aware of embedded flaws in structures other

than crankshafts where the surface was in compression, and there has been ro
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evidence of crack growth after 10 years, even with definite cyclic bending

stresses occurring in the structure.
Q. Do you consider the resnotpeening to be adequate?

A. (Bush) Yes. According to testimony of D. Cimino (on page 11 of
LILCO's testimony of C. Yells, D. Johnson, H. Wachob, C. Seaman, D. Cimiro, and
N. Burrell concerning Shotpeening of the Replacement Crankshafts), the shot-
peening met military specification MIL-S-131658 or exceeded the specification
in all critical aspects. The fluorescent penetrant test confirmed the adequacy

of the shotpeening.
Q. Do you consider the argument on “nucleation sites" as significant?

A. (Bush) No. My previous comments indicate extensive use of shot-
peening of automotive crankshafts, etc., and experimental evidence confirms

that repetitive shotpeening is not deleterious.

Q. If the Suffolk County arguments are valid concerning the existence of

"nucleation sites", could flaws of metallurgical significance be detected?

A. (Bush) We have not conducted an independent fracture mechanics
analysis of the crankshaft; however, fatigue analyses on analogs of crankshafts
confirm that a compression zone will minimize propagation of an existing flaw.
Extensive work with the ASME XI Code indicates that flaws of significance with
regard to fatigue crack propagation would approach ~0.25 inch depth and similar
length in the zone influenced by shotpeening. Any flaws of this size would be
detectable by magnetic particle testing. I see no reason why such flaws should

exist, based on the reported nondestructive examination results.
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In conclusion, 1 do not consider that the second shotpeening dearaded the
fatigue resistance. In fact, I consider that such fatigue resistance should be
somewhat enhanced, but it is not quantifiable. Obviously there is a major
caveat. Professor Sarsten's calculations indicate torsional stresses in excess

of DEMA Standard Practices. If torsiona: and/or bending loads are high enough,

cracks will initiate and propagate, regardless of fillet design and shotpeen-
ing. The ultimate test is to operate the crankshaft to 107 cycles at the pro-

posed power rating to see if cracks initiate.
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CYLINDER BLOCKS

Contentions

‘ The County contends that the emergency diesel generators (EDGs ) are
inadequate because:

Cracks have occurred in the cylinder blocks of all EDGs and a large
crack propagated through the front of EDG 103. Cracks have also been
observed in the camshaft gallery area of the blocks. The replacement
cylinder blcck for EDG 103 is a new design which is unproven in DSR-
48 diesels a-d has been inadequately tested.

Q. Have you reviewed the testimony filed by the County on July 21, 1984,
in support of its contentions regarding the cylinder blocks in these
proceedings?

A. (Bush, Henriksen) Yes.

0. Have you reviewed the testimony filed by LILCO() on August 14, 1984,
which concludes that:

1. The ligament cracks present in EDG 101 and EDG 102 are benign.
‘ Observations of various engines indicate that the cracks will not
. propagate beyond a depth of 1-1/2 inches. Accordingly, the ligament
cracks in EDG 101 and EDG 102 do not and will not impair the ability
of the EDGs to perform their intended function.

2. The crack that propagated down the front «f the old EDG 103 block and
the cracks that developed between the stud holes of adjacent cylin-
ders on the old EDG 103, do not threaten the integrity of EDG 101 or
EDG 102. Metallurgical analysis of the existing blocks has estab-
lished that EDG 101 and EDG 102 do no: have the extensive degenerate
graphite microstructure that produced markedly inferior fracture
fatigue properties in the old EDG 103 block. Further, EDG 103 was
subjected to an abnormal load excursion that contributed to further
crack extension. A cumulative damage analysis predicts that the EDG
101 and EDG 102 blocks are substantially less likely to develop stud-
to-stud cracking and that they will withstand a LOOP/LOCA with suf-
ficient margins, even if they were to initiate stud-to-stud cracking
during a LOOP/LOCA.

'I (a) Testimony of R. McCarty, C. Rau, C. Wells, H. Wachob, D. Johnson,
R. Taylor, C. Seaman, E. Youngling and M. Schuster on Suffolk County
Contention Regarding Cylinder Blocks.
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1.

3.

The cam gallery cracks in the Shoreham EDGs, which were discovered
more than 1-1/2 years ago, are not predicted to propagate signifi-
cantly even after hundreds of hours of engine operation. In addi-
tion, there is no reported incident in which cam gallery cracks have
caused a sudden engine failure. The cam gallery cracks are, there-
fore, not predicted to impair the ability of the EDGs to meet their
intended function.

The replacement block for EDG 103 has been tested adequately. The
replacement block is not a new design. It is simply a current pro-
duction model that incorporates certain product enhancements, each of
which has been shown to be . neficial by exhaustive testing in the R-
5 engine.

and, further(d), that:

The ligament cracks present in EDG 101 and EDG 102 are benign. There
is no evidence that the cracks will propagate beyond a depth of

1-1/2 inches. Accordingly, the ligament cracks in EDG 101 and

EDG 102 do not and will not impair the ability ~“ the EDGs to perform
their intended function.

The crack that propagated down the front of the old EDG block and the
large cracks that developed between the stud holes of adjacent
cylinders on the old EDG 103, dc not threaten the integrity of

EDG 101 or EDG 102. TDI believes that EDG 103 was subjected to
abnormal high stress as a result of an unusual load excursion and
that this caused additional extensive cracking in EDG 103.

The cam gallery cracks in the Shoreham EDGs were discovered more than
1-1/2 years ago. These cracks have not propagated significantly
despite hundreds of hours at full load and overload conditions. It
is TDI's opinion that the cam gallery cracks will not propagate
significantly and that they will not impair the ability of the EDGs
to meet their intended function.

The replacesient EDG 103 block has been adequately tested. The
replacement block is not a new design. It is simply a current pro-
duction model that incorporates a few product enhancements, each of
which has been shown to be beneficial by exhaustive testing in the R-
5 engine.

A. (Bush, Henriksen) Yes.

(a) Testimony of C. Mathews, M. Lowrey, and J. Wallace.
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Mease summarize your conclusions regarding the cylinder blocks.
In summary, we conclude that:

Presently, the information regarding the cracks in the camshaft
gallery on the cylinder blocks for EDG 101 and EDG 102 is incom-
olete. Consequently, no conclusion can be made as to the suit-

ability of these two cylinder blocks for the operation stated.

The replacement block for EDG 103 is not a new design; it has
been proven., Further, if it is certified to be free of stud-
to-stud cracks between adjacent cylinders and in the camshaft
gallery and if it is inspected for cracks after each operaticn,

it will be suitable for nuclear service for one refueling cycle.

Q. Do you know the material specifications for the cylinder blocks on

the Shoreham TDI 101 and 102 engines?

A. (Bush, Herriksen) Yes. Drawing #03-315-03-AC of the cylinder blocks

for the Shoreham TDI 101 and 102 engines specify an ASTM-A48-64 class 40, gray-

iron casting.

Q. MWas the material specification for the original cylinder block on the

Shoreham TDI 103 engine also ASTM-A48-64 class 40, gray~-i-on casting?

A. (Bush, Henriksen) Yes.




Q. What are the material specifications for the replacement cylinder

block on the Shoreham TDI 103 engine?

A. (Bush, Henriksen) Drawing #03-315-05-AD of the cylinder block for
the Shoreham TDI 103 engine specifies an ASTM-A48-76 class 45B, gray-iron
casting.

Q. What is the significant difference between an A3TM-A48-64 class 40,

gray-iron casting and an ASTM-A48-76 class 45B, qray-iron casting?

A. (Bush, Henriksen) The tensile und yield stre:gths of an ASTM-A48-76
class 458, gray-iron casting are superior to those of an ASTM-A48-64 class 40,
gray-iron casting.

Q. Have you reviewed the portion of the FaAA report that deals with the
metallurgical analysis performed on cylinder blocks of the Shoreham T0I 101,
102, and 103 engines?

A, (Bush, Henriksen) Yes.

Q. Do you consider the quality of the gray iron in the original cylinder

block of the Shoreham TDI 103 engine typical of standard casting practice?

A. (Bush) No. The morphology of the graphite flakes, &s evidenced from
the photomicrographs presented, was not typical. Such flakes would lead to

degraded mechanical properties.



Q. Did you fina the guality of graphite in the cylinder blocks from the
TDI 101 and 102 engines simiiar to that in the original block from the 103

engine?

A. /Bush) No. The microstructure of the samples from the cylinder
biocks of the 101 and 102 engines is typical for an ASTM class 40, gray-iron

casting.

Q. Have you reviewed the portion of the FaAA report that deals with the
physical tests that were performed on samples from the cylinder block of the

Shoreham TDI 103 engine?
A. (Bush, Henriksen) Yes.
Q. What did you conclude from your review?

A. (Bush, Henriksen) That the results from the physical test confirm
the conclusion drawn from the metallurgical analysis. The material in the
original cylinde- block from the Shoreham TDI 103 engine is substandard as

compared to ASTM class 40, gray-iron castings.

Q. Can it be assumed that, since the photomicrographs indicate that the
cylinder blocks from engines 101 and 102 indicate typical class 40, gray-iron
castings, their physical properties such as tersile and yield stresses are, in

fact, typical of class 40, gray-iron castings?

A. (Bush, Henriksen) The assumption may certainly be made that the
material in the cyiinder blocks for engines 101 and 102 is superior to the
material in the original 103 cylinder block. Whether or not the 101 and 102

blocks actually have the physical properties of class 40, gray-iron castinos
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can be confirmed only by actual tests. We have no knowledge that this testing

was ever done.

Q. Assuming that the material in the cylinder blocks for engines 101 and
102 conforms to the specifications for ASTM class 40, gray-iron castings, would
you consider the ligament cracks presently observed in the blocks between the

cylinder liner counterbore and the cylinder head studs as benign?

A. (Bush) The =mpi:iical evidence would indicate that these cracks grow
to tne size cited, then arrest. This empirical evidence is based on repetitive
examinatiors of cracks in both ship and stationary diesels. There is one sub-
stantial difference between such diesels and emergency diesels tesced periodi-
cally. Basically, the first group operates at near steady-state conditions,
whereas the emergency diesels will reach peak loads rapidly and operate with
variable thermal gradients. Because of this difference, one cannot uneguiv-
ocally state trat the cracks will arrest. A definitive three-dimensional
finite element analysis with valid load inputs through the thickness of the
block, covering hoop stresses, thermal loads, bolting loads, etc., would con-
firm whether the crack nas arrested because of a rapidly decreasing stress

gradiev*.

Q. If the ligament cracks from cylinder liner to studs could be shown to
have been arrested, what, in your opinion, would be the probability of a crack

initiating between studs of adjacent cylinders?

A, (Bush) If the liner/stu' crack can be shown to have arrested, the
probability of a crack initiating between the two studs and then propagating
into the block is very low because there is a 1imited driving force. The

initial crazks in the 103 block are believed to be due to the degraded
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mechanical properties; the very severe overloads because of the load transient
are believed to have caused rapid crack growth. In essence, this would cor-
respond to a low-cycle fatigue problem where every cycle drives the crack a

substantial distance.

Q. In your opinion, will the ligament cracks presently observed between
the counterbore and the studs render the cylinder blocks on engines 101 and 102

unsuitable for nuclear service?

A. (Bush) The nature of the loss of power/loss of coolant accidents is
such that demand for high diesel generator-related power is quite short-lived;

thereafter, the power demands are much less. Even if the diesel generators

were to be derated and it became necessary to meet LOOP/LOCA conditions above
the derated ratiry but no higher than the nameplate rating, the limited dura-

tion at higher power should not pose a major problem.

Q. Do you consider checking for cracks between studs of adjacent

cylinders after each operation above 50% load as adequate?

A. (Bush, Henriksen) No. As stated earlier, we do not have an adequate
basis for conclucing that all present cracks are arrested. Therefore, we feel

this inspection should be performed after any operation.

Q. Do you consider the suggested eddy-current test as adequate to detect

cracks of sufficient size to lead to detorquing of the studs?

A. (Bush) It must be recognized that the eddy-current test with
‘ ferritic materials is limited to the “skin" of the metal. Ail testing of the
block surface must be done through the restricted access between cylinder

heads. Although eddy-current testing will be difficult, it is not impossible,

28



provided the surface between the two studs is sufficiently smooth (i.e., a
machined surface).

The more fundamental issue is the initial locus of crack initiation.
The most probable location would be between stud hole and cylinder, which is
impossible to examine without disassembly. In my opinion, on the basis of
a limited review, the most probable location for cracks to initiate would
be at the corner of the counterbore at the start of the threads. Depending
on the stress distribution, such a crack could progress down the threads or
up to the surface. Based on LILCO testimony for biocks 101, 102, and the
original 103 plus blecks for other 70l diesels, cracks exist at the surface
and to depths of 1.5 inches. It is possible that the 1iner/stud cracks
might grow down the threads under the start-stop loading typical of emergency
diesels. If this occurred, there could be a redistribution of stresses so
that cracks may initiate between the studs. We suspect that such cracks
wpuld initiate at the corner adjacent to the top thread. However, ur-ess
the cracks propagate to the surface, eddy-current testing will be useless.
An alternative technique that might work is a zero degree ultrasonic wave
commonly used in metals as a depth gage. 1f the external surface area and
geometry are adequate to insert the ultrasonic tranducers, cracks between
the studs have the potential of detecticn. This technique has the advantage
of measuring the depth dimension whether the crack reaches the surface or
remains subsurface.
Q. Mr. Berlinger, do you agree with the previous response?
A. (Berlinger) Not completely. With regard to the issue of crack initi-
ation sites, limited hard evidence has been submitted by LILCO in their
e hibits B-16, B-17, B-18 and B-25. These crack maps indicate that some

block cracks which extend down into the block from the block top surface
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had not been observed ‘7 the aepth of the stud threads (1 1/2 inches).
Conversely, no cracks have been observed at the depth of the threads which
did not extend up to the block top surface.

‘ FaAA and LILCO have stated during recent technical discussions that
they have used eddy current probes to inspect stud counterbore anc thread
areas in stud holes in the 101, 102 and old 103 Shoreham blocks. In those
cases for which no surface crack indications had been observed, these
inspections did not find any subsurface cracks. These measurements/
inspections would confirm that cracks which would initiate below the
surface would propagate and be evidenced at the block top surface.

The staff believes that it is difficult to predict the locations of
crack initiation, and that the potential exists for crack initiation in
the block stud area from subsurface initiation sites (e.g., stud threads).
However, the evidence from previous inspections of the Shoreham cylinder

. blocks would indicate that crack initiaticn would not be subsurface.
Therefore, monitoring of the block top surface for stud-to-stud cracks
should be done using the most appropriate nondestructive examination
technique which should not be limited to consideration of only ultrasonic
techniques.

Q. Do you consider the position suggested by LILCO that stud-to-stud
cracks to depths of 1.5 inches are acceptable as justified?

A. (Bush) No. The only basis for such a position is believed to he the

existence of stud-to-stud cracks in the original 103 block. Cracks of unkown
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geometry were known to exist prior to the severe overload that drove a crack to

a depth exceeding 5 inches. As noted previously, we believe the probability of -
stud-to-stud cracks is very low, assuming the cast iron is not atypical as was

the case with the original 103 block.

The appearance of a stud-to-stud crack in normal quality cast iron would
indicate that too little is known concerning the stresses and stress distribu-
tions leading to such & crack. A deliberate decision to continue operation
without repair of such a crack is not justified because the presence of such a
crack indicates that the current analytic techniques do not accurately model

crack initiation and growth.

If a well designed three-dimensional finite element analysis using
stresses validated by experimental methods were conducted, it might be possible
to justify the conscious operation with stud-to-stud cracks. Personally, I

doubt it, because of difficulty in establishing local stresses.

Q. Have you had occasion to review the LTLCO testimony and exhibits

referring to the cracks in the camshaft gallery?
A, (Bush, Henriksen) Yes.

Q. Based on this testimony and relevant exhibits, have you fcrmed an

opinion as to why these cracks initiated in the first place?

A. (Bush, Henriksen) No. We believe tiiis point has not been addressed

in the testimony or the exribits.

0. Have you formed an opinion as to crack growth rate in the camshaft

gallery based on FaAA's analysis on this subject?
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A. (Bush, Henriksen) No. The FaAA analysis approach probably is cor-
rect, provided the input data are correct However, we have some reservations
as to the correctness of the strain gage data supplied by TDI. These data con- -

‘ stitute the main basis for the FaAA an.lysis.

Q. Is your concern regarding the TDI strain gage data related to the
fact that the data were obtained from a 6-cylinder rather than an 8-cylinder
engine, a slightly larger fuel injection pump, and a little faster rising fuel

cam?
A. (Bush, Henriksen) No. Thcse are minor issues of no consequence.
Q. What is your concern then?

A. (Bush, Henriksen) First, referring to LILCO Exhibit B54, Gage #1 is
not located in the area in question; yet the values obtained from Gage #1 are

presented in the testimony as the stresses found in the cracked area.

Second, again referring to LILCO Exhibit BS54, Gages #2 and 3 appear to be
located in the same area. As can be noted in LILCO Exhibit B53, there is a
difference of over 50% at 110% load, and over 100% at 100% load in mean stress

between the two gages.

T™ird, and most important, we do not understand how, for the same mode of
operation, the stresses can change from tension to compression as a function of
engine load. The fuel injection pump is positively loaded every second revolu-
tion regardless of load. The vectors in the loading diagram do not change
direction &s a function of locad. Thus, in our opinion, the . resses should not

change direction as a function of load.




Q. In your opinion, do the cracks in the cam gallery pose a potentially
serious problem?

A. (Bush, Henriksen) Yes. Dependiug upon the depth of the cracks and

the anticipated growth pattern, the cracks may or may not pose future
problems. Examination of TDI drawing #03-315-03-AC indicates that cracks
may possibly propagate into the cylinder cocling water space, which could
result in water entering into the camshaft housing. Lube oil in that
housing drains into the engine cran.case. Leakage in this area is unlikely
to be noticed during engine operation. Thus, enough water may mix with the
lube 01l in the crankcase to cause serious damage to bearings, shafting,
etc.

Q. In your opinion, do the cracks in the camshaft gallery of the cylinder
blocks for engines 101 and 102 render these engines unsuitable for nuclear
service for one refueling cycle?

A. (Bush, Henriksen) Yes, until the questions raised regarding the TDI
strain gage measurements and the reversal of direction of stresses are
answered such that we have a reasonable assurance that the cracks in the
cam gallery are benign or grow at such a slow rate that they are of no
concern.

Q. Mr. Berlinger, does the staff believe that the concerns, relative to the
cracks in the cam:haft gallery can be resolved?

A. (Berlinger) VYes, the staff believes if an engine were tested as
suggested to resolve the concer:s regarding the crankshafts, that data

obtained during that testing could provide information regarding the

stresses and crack propagation in the cam gallery area.
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Assuming that either EDG 101 or 10~ was to be tested, if the cam gallery
area were thoroughly inspected to characterize the existing cracks by
determining the length, depth and direction of existing cracks before and
after the suggested 107 cycle test, and, if the crack arsa were instru-
mented with strain gages and measurements were taken during these tests,
the staff believes that conclusive information about the behavior of the
cracks could be obtained which would resolve the existing concerns.

Q. In your opinion, is the replacement cylinder block for EDG 103 of a
new design?

A. (Henriksen) No. Drawing #03-315-15-1D indicates that the replacement

cylinder block is a modified version of the original cylinder block
drawing #03-315-03-AC.




Q. Other than the change in material, which you have ctated earlier was
an improvement, have you reviewed LII.CO's testimony with regard to the other

changes to the replacement cylinder block?
’ A. (Henriksen) Yes.

Q. Do you consider any of these changes or modifications detrimental?
A, (Henriksen) No.
Q. Do you consider any of these changes cr modifications beneficial?

A. (Henriksen) Yes. All changes to the replacement cylinder block, as

listed in LILCO's testimony, are considered beneficial.

Q. Do you have any remarks regarding any of the changes or

modifications?

A. (Henriksen) Yes. LILCO's testimony indicates that the replacement
. block has a greater cold clearance gap between the.cylinder liner and the
cylinder block. This change is not reflected in block drawing #03-315-05-AD,
However, we understand from a TCI (R. Johnston) letter dated May 4, 1984, to
Stone & Webster Engineering Corporation that TDI has recommended this change be

made to the cylinder liners. (The TDI letter is Exhibit 6 of this testimony.)
Q. As a design, do you believe the EDG 103 replacement cylinder block
inadequately proven?
A. (Henriksen) No. We have compared drawing #03-315-05-AD of the

replacement cylinder block with drawing #02-315-05-AW, which depicts the

. cylinder block for the R-5 prototype test ergine. We found that, in the area

affected by the changes, with the exception of the dimension regarding the cold
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gap clearance as mentioned earlier, the two drawings indicate the two cylinder
blocks appear to be exactly alike. The R-5 cylinder block has been extensively
tested at a load level nigher than the EDG 103 will ever experience. Thus, we
believe that, provided the R-5 cyiinder block did not develop cracks during its

extensive testing, as a design the EDG 103 cylinder block has been nroven.
Q. Does the fact that the R-5 is a V-engine and the EDG 103 is an inline
engine in any way enter into your evaluatinn when comparing the two cylinder

block designs?

A. (Henriksen) Yes. However, for the area of interest there is no dif-

ference in cylinder block design between a V-engine and.an inline engine.

Q. Have you drawn any final conclusion regarding the EDG 103 replacement

cylinder blocks?

A. (Henriksen) Yes. Provided preoperational inspection reveals no
cracks between studs from adjacent cylinders or in the camshaft gallery, and

provided inspections fur cracks are conducted after each operation, the EDG 103
replacement cylinder block is considered suitable for operation through to

shutdown for the first refueling.



CYLINDER HEADS

Contention

The replacement cylindor heads on the Shoreham EDGs are of inadequate

design and manufacturing quality to withstand satisfactorily thermal and
mechanical loads during EDG operation, in that:

b.

Ce

d.

f.

the techniques under which the replacement cylinder heads were pro-
duced have not solved the prcblems which caused the cracking of the
original cylinder heads on the Shoreham EDGs;

the "barring over" curveillance procedure to which LILCO has com-
mittad will not identify all cracks then existing in the replacement
cylinder heads (due to symptomatic water ieakage);

the nature of the cracking problem and stresses exacerbating the
cracks are such that there can be no assurance that no new cracks
will be formed during cold shutdown of the EDGs;

there can be no assurance that cracks in the replacement cylinder
neads and concomitant water leakage occurring during cold shutdown of
the EDGs (which would not be detected by the barring-over procedure)
would not sufficiently impair rapid start-up and operation of the
EDGs such that they would not perform their razquired function;

there can be no assurance that cracks i1n the replacement cylinder
neads occurring during operation of the EDGs would not prevent the
EDGs from performing their required function,

variations in the dimensions of the firedeck (and waterdeck) of the
replacement cylinder heads create inadequate cooling, where too
thick, and inadequate resistance to mechanical loads, where toc thin,
and create stress risers at their boundaries;

the design of the replacement cylinder head is such that strecses are
induced due to non-uniform bolt spacing [and the different lengths of
the bolts];

the replacement cylinder head design does not provide for adequate
cooling of the exhaust valves;)

at least one replacement cylinder head at Shoreham has an indication;

the design of the replacement cylinder heads provides inadequate
coolirg water for the exhaust side of the head];



k. the rep’acement cylinder heads at Shoreham were inadequately
inspected after operation, because:

1. a liquid penetrant test was done on the exhaust and intake valve
seats and firedeck area between the exhaust valves on only nine
of 24 cylinder heads, and such tests were done after only
100 hours of full power operation,

2. ultrasonic testing was done on the firedeck areas of only
12 cylinder heads;

3., visual inspections were performed on the valve seat areas of
only 32 of the 98 valves, and on only seven firede_ks of the
24 cylinder heads for indications of surface damage.
Q. Have you reviewed the testimony filed by the County on July 31, 1984,

in support of its contentions regarding the cylinder heids in these

proceedings?
\. (Henriksen, Sarsten) Yes.

Q. Are there any portions of the County's contentions that are not

addressed in the County's testimony?

A. (Henriksen, Sarsten) Yes. The bracketed portions were not addressed

in the County's testimony, as noted on page 61 of that testimony.

Q. Have you reviewed the testimony filed by LILCO on August 14, 1984,
which concludes that:

1. There is reasonable assurance that leakages will not occur in the new
cylinder heads because of: (i) improved casting techniques, (11) the
application ct stress-relief techniques, and (ii1i) additionz] and
more frequent inspections of the heads.

2. The replacement cylinder heads are adequately designed, since (i) the
ranges and dimensions of the firedeck provide for adequate cooling of
the firedeck and adequate resistance to mechanical loads; (11) stress
réoaps are not created at their boundaries; and (111) non=-uniform
buit spacing has no effect on stresses in the cylinder head.

3. The successful operating history of the new heads demonstrates that
the new heads should not develop leaks.
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Even if cylinder head leakage should occur during operation of the
engine, it will be detected.

Leakage will not initiate after shutdown because leaks of cylinder
heads will not develop when the diesel engines are in a standby cor-
dition and, in any event, such leakage would be detected by LILCO's
barring-over procedure.

Even if leakage of the cylinder heads were to dJevelop during standby
or go undetected during operation, resultant leakage will not impair
the rapid start capability of the diesels.

Even in the unlikely event that a new cylinder head were to leak dur-
ing operation, the leakage will not impair the operation of the
diesel engines.

None of the replacement cylinder heads at Shoreham has any relevant
indications.

The replacement cylinder heads were adequately inspected because the
heads were subjected to (1) a 100% factory inspection by TDI which
was audited by LILCO, (i1) additionz pre-operational inspection by
the NRC, and (i1i) post-operational inspections including 1iquid
penetrant tests on 10 cylinder heads, ultrasonic testing on 13 fire-
deck areas, and visual inspections on 7 firedecks.

A. (Henriksen, Sarsten) VYes.
Q. Please summarize your conclusions regarding the cylinder heads.
A. (Henriksen, Sarsten) A summary of our conclusions is as follows:

e On the basis of known operating experience with TDI heads, pro-
blems in service are indicative of manufacturing defects rather
than design deficiencies. Of course, the design of the heads
affects the complexity of manufacture, which, in turn, affects
the capability of the foundry to produce castings free of
unacceptable defects. Hcowever, operating experience dces not

suggest that the design itself is inherently deficient.

o In the absence of further evidence of their reliability,

cylinder heads with any through-wall weld repair of the firedeck
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should not be placed in nuclear standby service if the weld
repair is performed from one side only. The coolant side of the
firedeck is not readily accessible for weld repair. Without
such access, a repair from the combustion side might leave
defects on the coolant side that would be difficult to detect,

and that might compromise the integrity of the head.

The following inspections should be completed at Shoreham on all
cylinder heads before the engines are placed in nuclear standby
service:

- ultrasonic inspection of the entire firedeck to verify that

the minimum thickness requirement (0.420 inch) is met

- surface inspection (i.e., liquid penetrant or magnetic
particle) of the firedeck and the vaive seats to verify

that they are free of unacceptable surface defects.

Each time an engine is operated, it should be rolled over with
the air-start system to detect for coolant leaks into the
cylinders at least 4 hours, but not more trnan 8 hours, after
engine shutdown. A second rollover should be performed in the
same manner approximately 24 hours after shuid~wn, In addition,
the engine should be rolled over immediately prior to any

planned start.

Subject to the above comments on weld repairs, inspection, and
surveillance, the cylinder heads are considered to be adequate

for nuclear service for one refueling cycle.




Adequacy of Design and Manufacture

Q. Have you reviewed the evaluation by Failure Analysis Associates of
“ thermal and pressure stresses in the cylinder heads, which is presented in the

FaAA report titled Evaluation of Cylinder Heads of Transamerica Delaval Inc.

Series R-4 Diesel Engines?

A. (Henriksen, Sarsten) VYes.
Q. Have you reached any conclusions on the basis of FaAA's evaluation?

A. (Henriksen, Sarsten) No. The flat-plate model used in the FaAA
evaluation of thermal and pressure stresses does not, by itself, provide an
adequate basis for confirming the design adequacy of the cylinder head, which

is much more complex than the model.

Q. Have you any reason to believe that the replacement cylinder head

‘ design provides inadequate cooling of the exhaust valves?

A. (Henriksen, Sarsten) No. There is no failure history in evidence to

support this claim.

Q. Have you any reason to believe that the replacement cylinder heads

provide inadequate cooling water for the exhaust side of the head?

A. (Henriksen, Sarsten) MNo. There is no failure history in evidence to

support this claim,

G. Have you reviewed the component history of the R-4 cylinder head pre-

sented in the FaAA report on this component and in the LILCO testimony?

' A. [(Henriksen, Sarsten) Yes.
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Q. What conclusions have you drawn from that review?

A. (Henriksen, Sarsten) We concur that the changes made in the manu-
facture of the cylinder heaas from those classified as "Group I" (cast prior to
October 1978) through "Group III" (cast after September 1980) should improve
the reliability of the heads. Operating experience cited in these reports con-

firms that the changes have made the heads more reliable.

Q. From which group are the heads that are currently installed at

Shoreham?

A. (Henriksen, Sarsten) We understand from the LILCO testimony and the

FaAA report that all of the heads currently installed aie from Group III.

Q. Do you believe that the operating experience is sufficient to con-
¢ iude that Group Iil heads will not develop cracks through which coolant could

leak into the cylinders?

A. (Henriksen, Sarsten) No. While we agree with LILCO that the Group
111 heads are superior to heads from Groups I and II, we do not believe that
the operating experience with Group III is sufficient to demonstrate that
leakage cracks are unlikely to form. Therefore, for precautionary purposes, it
is our opinion that the heads should be checked for leakage via the rolling-

over procedure described in the summary of our conclusicns on this component.

LILCO'S "Barring Over" Surveillance Procedure

Q. Heve you reviewed LILCO's procedure for barring-over the engine?

A. (Henriksen, Sarsten) We have reviewed LILCO's Exhibtit H24 titled

“tmergency Diesel Generator Cylinder Head Leak Detection Test," SP Number
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27.307.02, Rev. 2, dated January 18, 1984, This procedure calls for turning
the engine over 4 hours and 12 hours after shutdown, using the barring-over
‘ device. It also calls for turning the engine over 24 hours after shutdown,

using the air-start system.
Q. o you consider this procedure adequate?

A. (Henriksen, Sarsten) No. Water may not be detected when the engine
is rolled with the barring-over device, because of the slicw rotational speed.
The air-start system rolls the engine much more rapidly, and is mandatory for
detection of water leakage because the higher rate of compression will vaporize
any water in the cylinder and the vapor will b2 very noticeable when it is
expelled through the indicator cocks. Therefore, we recommend that the sur-
veillance for water leakage be conducted only with the air-start system.

. Crack Formation During Cold Shutdown

Q. What is your opinion on the propagation of cracks in a cylinder head

and/or the formation of new cracks during cold shutdown?

A. (Menriksen, Sarsten) If a crack, through which water could leak into
a cylinder, does not open sufficiently for the water to be detected 24 hours
after engine shutdown, it is highly unlikely, in our opinion, that the crack
will propagate to the degree that water would leak before the next engine
startup. Similarly, we believe it is highly unlikely that a new crack that
might leak water would remain undetected after 24 hours and then lear before
. the next startup. However, we recommend that the engine be rolled over to
| detect water leakage immediately preceding any planned start, to ensure that no

leakage nas occurred.
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Q. Do you believe that corrosion products in a cylinder head crack could

cause the crack to propagate or grow after engine shutdown?

A. (Henriksen, Sarsten) No. We agree with LILCO's testimony on this
subject (Volume 1, page 77 of LILCO's testimony “...Regarding Cylinder Heads on
Diesel Generators at Shoreham") that corrosion products within a crack will
tend to plug the crack, and that no technical foundation exists to suggest that
low-strength carbon steels (of the type used in the Shoreham cylinder heads)

are susceptible to corrosion product crack wedging.

Effects of Undetected Leakage on Rapid Start Capability

Q. Could leakage undetected by the barring-over procedure affect rapid

start capability?

A. (Henriksen, Sarsten) It is our opinion that, if rolling-over
proc.dures are performed with the air-start system, leakage undetected after 24
hours will not be sufficient to impair rapid start capability. In a test
described by LILCO on page 83 of the above-referenced testimony and documented
in Exhibit H-26 of that testimony, water in an amount that occupied 98% of the
clearance volume of the piston was intentionally placed in a cylinder.
According to LILCO, this water did not affect rapid start capability, nor did
it acversely affect the head studs or gaskets. This reinforces our opinion

that leakage undetected as described above will not impair rapid startup.

a2



——~

Effects of Cracks Occurring During Engine Operation

Q. Could cracks that might occur during engine operation prevent the

EDGs from performing their required function?

A. (Henriksen, Sarsten) No. Since the cylinder pressure far exceeds
the water jacket pressure, in the event a crack were to develop during engine
operation it is unlikely that coolant would enter the cylincer. It is much
more likely that the combustion gases would leak into the coolant. This would
cause noticeable pulsations in the coolant pressure, which would be noticeable
on the applicable gage in the control room but would not ‘ead to engine snut-
down nor impair engine performance. In the very unlikely event coolant were to
leak into the cylinder during operation, it would be turned to vapor and exit
with the exhaust gases. Accordingly, it is highly unlikely that coolant would
leak in any amount that would impair lubrication in the cylinder or cause

seizure or fracture of the piston.

Effects of Variations in the Dimensions of the Firedeck

Q. Are the maximum firedeck thicknesses measured on the Shoreham

cylinder heads large enough to cause inadequate cooling?

A. (Henriksen, Sarsten) It is our understanding that the maximum fire-
deck thickness measured on the Shoreham cylinder heads is 0.881 inch. Since
the thermal resistance of the metal is not the controlling thermal resistance
for the combustion gas-to-water-side heat transfer, the reported overthickness

of the firedecks will have no significant effect on the amount r  cooling.




Q. Are the minimum firedeck thicknesses measured on the Shcreham

cylinder heads small enough to create stress risers at their boundaries?

A. (Henriksen, Sarsten) The minimum firedeck thickness reported at
Shoreham is 0.460 inch in an area of nominal 0.500-inch thickness. This 8%
decrease in thickness is not felt to cause unacceptable reduction in cylinder
head strength or stiffness. MNone of the reported failures for Group II and III
cylinder heads indicates that the reduction in strength due to reducnd thick-

ness is a concern.

Stresses Induced Due to Nonuniform Bolt Spacing

Q. In your opinion is the nonuniform bolt spacing on the cylinder heads

likely to create any serious problems?

A, (Henriksen, Sarsten) No. Nonuniform cyiinder head bolt spacing is
common practice for most diesel engine manufacturers building both V and inline
engines of identical bore and stroke. There is no evidence that the nonuniform
bolt spacing has been the cause of any damage of the kind that would necessi-

tate an ergine to be shut down.

Indication Found in a Replacement Cylinder Head

Q. Is the 3/8~inch long indication found in cylincer head S/N H-34 in an

area of concern?

A. (Henriksen, Sarsten) No. Referring to LILCO Exhibit H15, the
3/8-inch indication found on cylinder head S/N H-34 is located in one of the

plates welded onto the side of the head and not in the firedeck. Even if this
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indication were to propagate through the plate, it could not provide a path for

leakage of coolant into the cylinder.

Adequacy of Inspection of Replacement Cylinder Heads After Operation

at Shoreham

Q. Did you review the testimony regarding the nondestructive testing
performed on the cylinder heads at Shoreham after 100 hours of operation at

full load?
A. (Henriksen, Sarsten) Yes.

Q. The County contends that the replacement cylinder heads at Shoreham

were inadequately inspected. Do you agree?

A. (Henriksen, Sarsten) Yes, but only because not all of the cylinder

heads were inspected. .

Q. Do you agree with the testimony of Youngling, Seaman, Kammeyer, and
Wells (Vol. 1, page 94 of LILCO's testimony "...Regarding Cylinder Heads on
Diese! Generators at Shoreham") that "...results of these inspections provide
the required level of assurance that operational stresses will not induce
cracking, and support FaAA's conclusions that the cylinder heads at Shoreham

are qualified for unlimited operation."?

A. (Henriksen, Sarsten) Not entirely. The 100 hours of operation at

full load was surely a step in the right direction. However, adequacy of an
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unverified design must be established using a data base of many hundreds or
thousands of houis. The testing at Shoreham is only one point in that data

base.

Q. What then, is the conclusion you can draw from this testing?

A. (Henrik-=en, Sarsten) The principal conclusion is that there is a
high probability that there are currently no cracks that could leak water into

the cylinders.
Q. Could cracks develop?

A. (Henriksen, Sarsten) Perhaps, but without the existence of an
adequate data base it would be impossible to say definitively. However, if
such cracks would occur, they would most certainly be aetected by the proposed

barring-over procedure.

Q. What further testing should be done, then, to qualify these heads for

unrestricted operation?

A. (Henriksen, Sarsten) A statistical sampling inspection program
should be established that would build up a data base over several thousand
hours of operation. These inspections could be performed on the Shoreham
engines and other TDI engines in nuclear service after each fuel cycle or

during other maintenance periods.

Q. Have you drawn any final conclusions regarding the cylinder heads on

the three EDGs at Shoreham?

A. (Henriksen, Sarsten) Yes. Provided preoperational inspections of
the firedecks of all cylinder heads reveal no significant indications, the

heads used have no through-wall weld repairs of the firedeck, and proposed
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surveillance procedures using the air-start system are followed to detect
coolant leakage into the cylinders after each time an engine is operated, we
conclude that the cylinder heads on the three EDGs at Shoreham are suitable for

operation through to the shutdown for the first refueling.
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PISTON SKIRTS

Contentions

O A1l AE piston skirts in the EDGs were replaced with TDI model AE piston
skirts. The replacement AE pistons are of inadequate design and manufacturing
quality to satisfactorily withstand operating conditions because:

a. The FaAA report conclusion that cracks may occur but will not propa-
gate improperly depends on a fracture mechanics analysis of an ideal
situation which is not valid for the actual conditions which may be
experienced by *e Shoreham diesels.

b. Excessive side thrust load, which could lead to catastriphic failure,
has not been considered adequately, and

¢c. The analysis does not adequately consider that the tin-plated design
of the pistons could lead to scoring causing excessive gas blow-by,
and, therefore, causing a failure of proper operation.

Q. Have you reviewed the testimony filed by the County on July 31, 1984,

in support of its contentions regarding the pistons in these proceedings?

. A. (Henriksen, Sarsten) VYes.

Q. Have you reviewed the testimony filed by LILCO August 14, 1984, on AE
piston skirts which concludes that:

1. The FaAA conclusion that cracks may or may not initiate in the AE
piston skirts, but if initiated, will not grow, is based on crack
initiation and growth analyses considering the important loads and
displacements reflected in the actual operating conditions to be
experienced by the Shoreham EDGs.

2. Actual operating experience shows no relevant indications in AE pis~-
ton skirts.

3. The side thrust load on the AE piston skirts is not excessive. Side
thrust is not a design or operation problem with the AE piston skirt.

4, The tin-plated design of the AE piston skirt is intended to act as a
‘ protective covering for the piston skirt and is not the source of any
~ excessive scuffing that could lead to failure. No known failures of
pistons have been caused by tin plating.
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A. (Henriksen, Sarsten) Yes.
Q. Please summarize your conclusions regarding the piston skirts

A. (Henriksen, Sarsten) Our testimony, in summary, is that, provided a
100% inspection proves the piston skirts to be free of defects, the piston
skirts will be suitable for operation through to shutdown for the first

refueling.

Q. Have you reviewed the FaAA analysis (FaAA-84-2-14 dated May 23, 1984,
included as Exhibit 8 of the County's testimony) which concludes that AE piston
skirts may or may not develop cracks, but if cracks initiate, they will not

propagate?
A. (Henriksen, Sarsten) Yes.

Q. Have your drawn any conclusions from your review of the FaAA analysis

with regard to crack initiation in the piston skirts?

A. (Henriksen. Sarsten) HNo. The area in guestion is of intricate
design, and some of the determining values, although claimed to be conserva-
tive, are admittedly assumed. As stated in the conclusions of the FaAA report
(page 8-1), the analysis iz inconclusive as to whether cracks will initiate or

not.

Q. Have you drawn any conclusions from your review of the FaAA analysis

with regard to crack growth if cracks are initiated in the piston skirts?

A. (Henriksen, Sarsten) No. Since the anaiysis of crack growth is

based largely on the same input data as was the crack initiation analysis, we

have been unable to draw a firm conclusion regarding whether or not cracks that

might initiate will grow.
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Q. Have you reviewed the operating exp-rience presented by LILCO as

relevant to AE piston skirts?

A. (Henriksen, Sarsten) VYes. We have reviewed LILCO's testimony and

the FaAA report on this subject.

Q. Have you had occasion to personaily see some AE piston skirts that

have been in operaticn?

A. (Henriksen) Yes. I had occasion to see AE piston skirts at both
Grand Gulf (i6 skirts) on June 4 and June 5, 1984, and Shoreham (8 skirts) on
May 23, 1984,

0. To the best of your knowledge, did any of the piston skirts you have

seen show any indication of cracks?

A. (Henriksen) No. At Shoreham the pistons were assembled, so the con-
tested areas could not be viewed. At Grand Gulf, however, I viewed all 16
pistons of the Division I engine, and no indications were evident., These

16 pistons had been inspected earlier, and no indications were reported.

Q. Do you consider all evidence of operating experience with AE piston

skirts of equal importance?

A. (Henriksen, Sarsten) A1l evidence of operating experience is impor=
tant. Howeve~, some is more relevant than others., For instance, experience
obtained at a high load level is obviously more relevant to future operation at

Shoreham than experience obtained at a relatively low load level.




‘

Q. Is there any piston skirt experience presented that is of special

significance for the process of evaluating the performance of the AE piston

skirts?

A. (Henriksen, Sarsten) Yes. According to LILCO's testimony on piston
skirts (Vol., 1, page 56), two AE skirts from the TDI prototype R-5 engine were
inspected by FaAA after approximateiy 622 hours of operation at 2000 psi

maximum cylinder pressure. The inspections revealed no relevant indications.

Q. What, if any, are the differences between the operating parameters of

the R-5 engine and the Shoreham engines?

A, (Henrik: 2n, Sarster: Other than the higher load ( ~ the R-5 engine,
the only other difference w- are aware of is that the R-5 was operated at 514

rpm, while the Shoreham engines are operated at 450 rpm.

Q. Wwhat effect does the difference in rpm between the R-5 engine and the

Shoreham engines have upon the evaluation of the piston skirts?

A. (Henriksen, Sarsten) Very little. All other conditions being equal,
there will be an increase in inertia due to the increase in speed from 450 rpm
to 514 rpm. This will decrease the effective load on the pistons accord-
ingly. However, this slight decrease in effective load does not alter the fact
that, for an extended period, the two AE piston skirts from the R-5 engine
experienced loads in excess of any which the Shoreham piston skirts will ever

experience.
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Q. Are the AE piston skirts as installed ‘n the R-5 engine dimensionaily

the same as the AE piston skirts installed in the Shoreham engines?

A. (Henriksen, Sarsten) No. A study of TDI drawings #03-341-04-AE (R-5
piston skirt) and #03-341-04-AE (Shoreham piston skirt) reveals nc differences
externally or in the critical areas around the stud holes. However, inside the
pistor skirt in the area of the wrist pin boss, piston skirt #02-341-04-AE
(Snoreham piston skirt) appears strengthened as compared to piston skirt

#03-341-04-AE (R-5 piston skirt).

Q. Do you consider the differences between the piston skirts installed
in the R-5 engine and those installed in the Shoreham engines to be significant

in evaluating the applicability of the operating experience in the R-5 engine?

A. (Henriksen, Sarsten) No. If anything, the piston skirts installed
in the Shoreham engines appear to be superior to those installed in the R-5

engine.
Q. Are you familiar with the term “piston skirt side thrust load"?
A. (Henriksen, Sarsten) Yes.

Q. Do you consider the County's coatention regarding excessive side
thrust to be a matter of concern for pistons installed in the engines at

Shoreham?

A. (Henriksen, Sarsten) No. In our experience with medium-speed, high
brake mean effective pressure, 4-cycle engines, piston skirt side thrust has

never been a problem in piston skirt design.
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Q. In your opinion would the AE piston skirt be considered unique in
design for diesel engines of this size, speed, and load requirements that would .

make it vulnerable to excessive side tirust load?

A. (Henriksen, Sarsten) No. Through Ricardo Consulting Engineers,
Ltd., Shoreham-by-Sea, England, consultants to PNL, we have available a tab-
ulation (page 5 of Exhibit 7 enclosed with this testimony) accompanied by 2
sketch (page 7, Exhibit 7), of seven piston skirts, made by different manu-
facturers. The tabulation includes cylinder bore, data to accurately locate
the wrist pin in the piston skirt, maximum firing pressures, and rated
BHP/cylinder. The data clearly indicate that there is no drastic difference in
design criteria and operating conditions between the AE piston skirts and the
other six piston skirts represented in the tabulation. Furthermore, the data
indicate that the side thrust load likely to be experienced by the AE piston
skirt will.be representative of what is demanded of piston skirts in medium-

speed, high BMEP diesel” engines today.
Q. Are you aware that the AE piston skirts at Shoreham are tin-plated?
A. (Henriksen, Sarsten) 'es.
Q. Do you know why tin plating is applied or piston skirts?

A. (Henriksen, Sarsten) We can see two reasons. One reason would be
for conservation purposes, i.e., to prevent iron skirts from rusting during
storage and transit, etc. This would likely be a minimal coating and con-
sidered sacrificial when running the engine. The second reason would be to

assist in the initial break-in period.
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Q. Have you any opinion as to how thick the tin plating of the piston

skirts should be in order to assist in the initial break-in?

A. (Henriksen, Sarsten) This becomes a matter of judgment. The operat-
ing conditions enter into this judoment. Assuming no problems are experienced
with lube oil coking on the piston crown and in ring grooves, the fuel the
engine will have to burn becomes & major factor in deciding the tin plating
thickness. For example, for gas-burning engines, a relatively heavy tin plate
coating may be used. On the other end of the spectrum, a heavy fuel-burning
engine which will have a fair amount of carbon particles passing by the piston
rings down to the crankcase ca. tolerate only a thin coat of tin plating in
order to minimize carbon embedding in the tin plating. We believe a tin
plating thickness range of 0.001-inch to 0.0015-inch to be acceptable for

piston skirts operating on a good grade number 2 diesel fuel.

Q. Do you know what the thickness of the tin plating is on the AE

pistons?

A. (Henriksen, Sarsten) The drawing calls for plating of 0.003 inch on
the diameter, which, if properly controlled during the electrolysis procedure,

converts to 0.0015 inch on the radius.

Q. On your visit to Shoreham on May 23, 1984, did you have occasion to

inspect the AE piston skirt exterior surfaces?

A. (Henriksen) Yes. I found signs of scuffing on most pistons. None
of the scuffing, which was judged to be the result of carbon particles embedded

in the tin plating, was judged to be serious. There were no signs of distress




such as hot spots or discoloration indicating that the skirts had been

overloaded.

Q. Did you also have occasion to inspect the cylinder liners for signs

of scuffing?

A. (Henriksen) No. The cvlinder liners were reportediy at TDI in

Dakland, California, where they were to be installed in the new cylinder block.
Q. Have you drawn any final conclusion regarding the AE piston skirt?

A. (Henriksen, Sarsten) We “ave concluded that, on the basis of pre-
sently available information, the AL piston skirts will be suitable for nuclear
service for one refueling cycle. This conclusion is based on the conditions
that all pistons will be examined by dye penetrant in the area of the stud

bosses and that the pistons are as represented by TDI drawing #03-341-04-AE.
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ATTACHMENT 1
Professional Qualifications

Carl H, Berlinger
Division of Licensing

Office of Nuclear Reactor Regulation
United States Nuclear Regulatory Commission

Education
8.5. Mechanical Engineering, Clarkson College of Technology 1960

M.S. Mechanical Engineering, Clarkson College of Technology 1962
Ph.D Mechanical Engineering, University of Connecticut 1971

Currant Position

Since January 1984, Dr. Berlinger has been the Group Manager of the TDI Project
Group. In this position, he manages the activities of the Project Group Staff
and coordinates the efforts of NRR and other uffices, interfaces with industry
and licensees, and, as appropriate, keeps the ACRS, hearing boards, and the
Commission informed regarding the status and resolution of this issue.

Detailed Experience Record

September 1981 - UNITED STATES NUCLEAR REGULATORY COMMISSION
January 1984

Division of Systems Integration - Core Performance Branch

Branch Chief -
Duties included

1. Management of the activities of a branch engaged in the
review, analysis and evaluation of calculational methods
used by applicants for the licensing of nuclear power
plants in the fuel and core design areas of reactor
plant engineering.

2. Responsible for development and application, in
conjunction with consultants, of independent
calculational methods including complex computer codes
for the analysis of fuel and reactor core performance
during steady-state, transient, and accident conditior -
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November 1980 -
September 1981

January 1980 -
November 1980

3. Participates as a technical specialist on various NRC
committees, subcommittees, panels, task force assign-
ments, and on technical, industrial and professional
society committees.

4, Represents the Commission in dealings wi“h other
governmental departments and agencies, national
laboratories, industry and industry organizations in
discussion of complex technical matters in the areas of
new or proposed reactor systems.

UNITEDC STATES NUCLEAR REGULATORY COMMISSION

Division of Licensing - Systematic Evaluation Program Branch

Section Leader - Systems Engineering
Duties included:

1. Supervised senior technical staff in the Systems
Engineering section.

2. Responsible for the analysis, evaluation and safety
reviews in the areas of thermal hydraulics, physics,
site hazards, and safety analyses aspects of the reactor
core, primary and secondary plant systems, electrical
and auxiliary systems.

UNITED STATES NUCLEAR REGULATORY COMMISSION

Division of Licensing - Operating Experience Evaluation
Branch

Branch Chief -
Duties inciuded:

1. Organized newly formed branch; formulated goals and
objectives.,

2. Established procedures and significance criteria for
systematic screening and technical review of domestic
and foreign licensee event reports and operating
experience reports, respectively.

3. Initiated staff reviews of significant licensee events.

4, Developed licensee event reporting requirements.
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August 1970 -
September 1973

February 1969 -
August 1970

4, Responsible for making technical recommendations and
formulating technical positions regarding standards,
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