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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY & LICENSING BOARD

In the matter of:
SHOREHAM NUCLEAR POWER STATION Docket No.50-322-0

(Long Island Lighting Company)

8 A% 8% we we e

State Office Building
Veterans Memorial Highway
Hauppauge, New York

Thursday, September 13, 1984

Hearing in the above-entitled matter was
convened at 9:00 a.m., pursuant to notice.
BEFORE:

JUDGE LAWRENCE BRENNER,
Chairman, Atomic Safety & Licensing Board

JUDGE PETER A. MORRIS,
Member, Atomic Safety & Licensing Board

JUDGE GEORGE A, FERGUSON,
Member, Atcmic Safety & Licensing Board
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APPEARANCES:
On behalf of the Applicant:

TIMOTHY S. ELLIS, 1II, ESQ.
DARLA B. TARLETZ, ESQ.
MILTON FARLEY, ESQ.

Hunton & Williams

700 East Main Street

Richmond, Virginia 23219

On behalf of the Nuclear Regulatory Commission

Staff:

RICHARD J. GODDARD, ESQ.,

Office of the Executive Legal Director

On behalf of the Intervenor, New York State:
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ADRIAN F, JOHNSON, ESQ.

On behalf of the Intervenor, Suffolk

ALAN ROY DYNNER, ESQ.

JOSEPH J. BRIGATI, ESQ.
DOUGLAS J. SCHEIDT, ESQ.
Kirkpatrich, Lockhart, Hill,
Christopher & Phillips

1900 M Street, N.W.

washing+on, D.C. 20036

County:
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DAVID O. HARRIS 22,563 22,518
22,576

DUANE P. JOHNSON

ROGER L. McCARTHY

FRANK F, PISCHNGER

CRAIGC K. SEAMAN

LEE A. SWANGER

EDWARD Y. YOUNKGLING

LAY-INS FOLLOWS PAGCE NO.

L X HIBITS
ﬁgﬂgg._g DESCEIPTION RECEIVED
Lilco Diesel P=-35 24,333

Curve digitized Data Sheet
with attachment
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September 13, 1984. Whereupon,
DAVID O. HARRIS,
DUANE P. JOHNSON,
ROGER L. McCARTHY,
FRANZ F. PISCHINGER,
CRAIG K. SEAMAN,
LEE A. SWANGER,
and
EDWARD J. YOUNGLING
were called as witnesses on behalf of the Applicant
and, having been previously duly sworn, were
examined and testified as follows:
JUDGE BRENNER: Good morning. Yesterday,
Mr. Goddard, you had wanted to raise a matter with
us, and I asked you to hold it until today. Do you
;till want to raise that matter?
MR. GODDARD: Yes, I do, Judge Brenner.
It concerns the availability of one of the staff
witnesses who will be testifying on the shot peening
of the crank shafts, and the acceptability of the
cylinder blocks. That's Dr. Spence and Bush.
Because of prior commitments, Dr. Bush is
going to be available for only a limited period of
time prior to the 8th of October. The days that he

would be available are the 20th, which is a week

y 7




from today, next Thursday.

JUDGE BRENNER: You're going to tell me
he is available one day here and one day there?

MR. GODDARD: No, he will be available
the 20th through the 25th only because of prior
commitments. However he may well be available after
the 24th of October, if it looks as though we are

going to be in hearing at that time.

Accordingly, the NRC staff would :équest

that the NRC witnesses be impaneled during that
period for purposes of cross examining Mr. Bush
alone on the issues of shot peening, and adequacy of
the cylinder blocks.

JUDGE BRENNER: Have you discussed this
with the other parties?

MR. GODDARD: 1 have not had a chance
do so at this time. I will do that.

JUDGE BRENNER: Go ahead and do that.
don't want to take it up now.

MR. GODDARD: I just wanted to notify
Board of your problem.

MR. ELLIS: Judge Brenner, he has
discussed it with us and we are happy to accommodate

it.

JUDGE BRENNER: Wait a minute, Mr, Ellis;
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give a chance to the Staff, please.

MR. ELLIS: Sure.

JUDGE BRENNER: Welcome back.

MR. ELLIS: Thank you.

JUDGE BRENNER: I see potential problems)
Mr. Goddard, with taking subjects totally out of
order, especially since it involves two subjects,
not just one subject. I have already expressed
concern in that regard.

The Staff's panel would be coming on last|
When will he be available beyond that time?

We know that he is not available until after the
22nd-24th of October, in that time frame., We do not
know his exact schedule after that period of time.

JUDGE BRENNER: The Staff would not make
;hXo request if it did not feel there was any other
way to accommodate it. We do feel of course, that
this information is highly probative.

JUDGE BRENNER: Well, it blocks the total
subject on one part of the contention. I can see
the possibility of maybe taking something like the
shot peening out of order as an isolated subject.
But you're asking us to take two subjects out of
order. It gets very difficult to keep the subject

matter in mind as it is.
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It was not my preference to proceed the
way we are going in any event, but at least we have
the subject matter together from the witnesses for
one party in the sense tha: all parties can ask
their cross-examination, and can get direct and
follow-up on the subject.

This hearing has been scheduled for a
long time. One thing I believe the Board can take
credit for, and maybe in your view it's the only
thing, is that we scheduled this hearing with great
predictability.

We scheduled it back in June. We know
there are a lot of people involved and a lot of
schedules involved. The Board's schedule also has
been involved. And we scheduled it back in June.
ivc:yonc knew then when the hearing was going to
start.

As it turned out we unfortunately had to
make a last-minute adjustment, and start later,
because of the Staff's scheduling.

This has been known for a long time, and
now you are telling me a witness who you're
depending on is not available for approximately a
month.

MR. GODDARD: That is correct, Judge
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~ 1 Brenner. The Staff will not apologize for failing
‘ to schedule Mr. Bush earlier. He was added to the
‘ 3 NRC 3taff's panel because of relatively unexpected
4 new material introduced by Lilco with regard to the
5 metallurgy of the blocks. He is also the witness
6 who by virtue of his qualifications and expertise wa
7 have used for the preparation of the shot peening
8 testimony.
9 At the time this hearing was scheduled
i0 and for some time thereafter we did not know that
11 Dr. Bush would be a member of the NRC Staff panel.
12 JUDGE BRENVMER: Well you want us to take
(' 13 him next week. I'm sorry, the week after next.
14 MR. GODDARD: Monday and Tuesday of the
15 following week and possibly next Thursday on the
16 issue of shot peening, since we expect we will be on
17 the crankshafts at that time.
18 If there's some assurance, and I think we
19 can find out further information on Dr. Bush's
20 October and possibly November schedule.
21 JUDGE BRENNER: I don't want to talk
. 22 about it any longer.
23 MR. GODDARD: Okay. It wasn't my
4 favorite subject.
25 At this point I would just like to alert
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the Board to the serious possibility that this will
be discussed with the parties and I will get back to
you, Judge Brenner.

JUDGE BRENNER: He is available the week
of the 24th; is that what you're saying?

MR. GODDARD: The 24th and 25th only.
He is leaving for Europe on the 25th.

JUDGE BRENNER: I don't think it's going
to be workable Mr. Goddard, my personal opinion.
You better find out how important his opinions are.
I think we can take care of shot peening along the
lines you suggest, but I have great doubts as to
anything beyond that.

But if you can present me with a concrete
proposal agreed upon by the other parties, or at
ieast with the other parties' views, we will
consider it.

MR. GODDARD: Thank you Judge Brenner.
That's all I have at this time.

JUDGE BRENNER: I1f there are no other
preliminary matters -~ did you have something Mr.
21lis?

Mk. ELLIS: 1 think there was a matter
or question pending; Mr., Youngling is prepared to

address that.
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3 1 JUDGE BRENNER: The pending question was
2 whether someone on the panel could inform us as to
3 the planned inspections of the pistons for the
‘ 4 projected operational life of the Piezo's, if in
5 fact there's any operational life. Mr. Youngling.
6 MR. YOUNGLING: Judge Ferguson, the TDI
7 instruction manual in the maintenance section
8 requires that at each refueling outage that we
9 perform cold compression readings on the engines and
10 assess firing pressures. Based on those readings,
11 we would then make a decision to inspect the piston
12 rings and cylinder lines, based on those results.
‘ 13 The DRQR program in Volume 9 Appendix 3 =p
14 Appendix 2, I'm sorry, Maintenance Review, regquires
15 that a five-year inspection be performed on the
16 ﬁtctonn. mainly dealing with dimensional areas,
17 dimensional checks.
18 The company feels very confident in the
19 results of your analysis that the pistons have
20 indefinite life. However, to assess your concerns
21 the company will, at the first refueling outage,
. <2 inspect the piston boss areas on all 24 pistons, by
23 A current and LP examination,.
24 JUDGE FERGUSON: Wwas that the end of your
25 answer?




MR, YOUNGLING: Yes, sir.

JUDGE FERGUSON: I want to thank you for
that, Mr. Youngling. I think that's very helpful.
I don't want to get too deeply into this subject,
but I hope you understand my concern, that although
many of us have great respect for many of the
mathematical technigques that are used to predict
events, it's always reassuring from an engineering
point of view to be sure that the measurements track
the data. At the appropriate time

Based on what I have just heard from Mr.
Youngling, Dr. Swanger, you ra:member the testimony
you read yesterday, the last statement that I was
concerned about, do you feel that you want to say

anything further that might clarify what you m=ant

Sy "No further operational inspections are required"

DR. SWANGER: Yes. That statement
referred to the fact that there have already been
two sets of inspections on the AE pistons in the
Shoreham engines.

All of the pistons were given a thorough

inspection prior to operation by eddy current, by

dye penetrant, to demonstrate that there were no
reportable indications in the highly stressed stud

boss area.
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In addition, after 100 hours of operationj
at or above the 3500 kilowatt level, 10 of these
pistons, 10 out of 24, were disassembled for post-
operational inspections, and as we have explained
earlier, we looked at all of the stud boss regions,
in all of tuese pistons, the total of 80 highly~
stressed areas, and 40 stud bosses, and found no
operationally~induced flaws there.

This, of course, fits right in line with
our prediction that nothing would happen in these
pistons.

Thus we feel that we have demonstrated,
through the application of very standard engineering
fatigue principles, that these pistons are operating

below their endurance limit and hence with no

preexisting flaws, and with no potential for any

flaws which might be there to propagate anyhow, tha®
the discipline of fracture mechanics as applied to
many engineering and transportation stuaies,
conservatively, in this case, tells us that further
routine periodic inspections in the stud boss area
for cracking are not warranted.

JUDGE FERGUSON: s what you == you just
seemed to indicate that all of the measurements that

Mr. Youngling said he is going to take are really
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- 1 unnecessary? 1Is that what you're saying?
2 DR. SWANGER: The routine maintenance
3 inspections that Mr. Youngling discussed are those
' o recommended by TDI to assess a number of the
5 performance attributes of the piston, other than
6 cracking in the stud boss region. The measurement
7 of the normal wear of the tin on the outside of the
8 piston. The measurement of the side clearance of
9 the piston rings to the piston. These are typical
10 measurements that should be taken on a periodic
11 basis, to assess the total performance of the pistonr
12 including the AE piston skirt, in the engine.
. 13 However, we feel confident that in the
14 area of cracking of the stud bosses in the AE pistonj
15 that the conservative application of proven fracture
16 ﬁochanicn technigques does recommend that no further
17 inspections are required.
18 JUDGE FERGUSON: I'm really trying to get
19 across a very simple-minded concept. Mr. Youngling
20 did you say that during these routine inspections
21 you would, in fact, do a thorough inspection of the
. 22 piston, looking for cracks as well as signs of wear
23 that Dr. Swanger just mentioned? Let me be very
24 specifle, Will you look for cracks during your
25 routine inspections?
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- 1 MR. YOUNGLING: During the inspection of

2 any piece of apparatus, the inspector is always

3 looking for unusual signs. Cracking would certainly
' K be one of the signs that he would be 'ooking at, yesi

5 JUDGE FERGUSON: So you will be sensitive

6 to the fact that there may be cracks and you will be

7 looking to see if there are, in fact, any cracks, 1is

8 that correct?

9 MR, YOUNGLING: Judge Ferguson, we do not

10 feel that there will be cracks, but we will be

11 looking at it as a part of our normal routine

12 practice.
3 13 JUDGE FERGUSON: Fine. That's, I think,

14 a very good idea.

15 But, Dr. Swanger, is your testimony that

16 ihat is a waste of time or it's unnecessary? Dr.

17 Swanger, 1'm asking about his testimony.

18 DR. SWANGER: 1 feel that it is very

19 prudent and very very cautious and very very

20 conservative to do these inspections. From my

21 standpoint, with a reasonable degree of engineering
. 22 certainty, 1 do feel that such inspections are

23 unnecessary.

24 JUDCE FERGUSON: All right., Well the

25 point I hope that we leave this with, and.l'don't
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want to spend any more time on it, is that we are
not lead to a feeling of great comfort in our
calculations such that we don't do things that
normal engineering practice suggests we do. It is
important to have confidence, I'm sure, in our
calculations, but those calculations should always
be verified by inspection., I did not want the

record to indicate that somehow FaAA or AEO Analysis

Associates had lid Lilco to a feeling that the

calculations say that tho>re are flaws there, there
are no cracks.

We didn't see any when we were inspecting
these pistons before, these skirts before, they went
into the engine, and therefore you're wasting your
time to look for such cracks.

Just one final point, and I want to leave
this, and that is the testimony as I understand it
has indicated, based on the analysis that was
performed, if a crack is less than a half inch, it
will not propagate. 1s that the testimony?

DR, SWANGER: That's part of the
testimony. As we also indicated with respect to one
of our exhibits, if you give me the time to locate
it

The analysis did say that cracks one-half
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1 inch deep will not propagate.
2 But as we also just stopped our analysis
3 at that point, we feel that we could have carried it
B even further than half an inch, and cracks larger
5 than half an inch also will not propagate.
6 But we felt that half an inch was such a
7 conservative number to choose, and I am referring to
) exhibit P-25 in Lilco's exhibitu which indicates
9 that the analysis was merely terminated at half an
10 inch, as a very conservative place to terminate it.
11 But we feel that cracks even deeper than
12 half an inch also will not propagate, were they to
13 be there. We also feel that there's no way to
14 instantaneously generate any kind of flaw, crack or
15 defect half an inch deep.
16 | JUDGE FERGUSON: That's been very helpful|,
17 Dr. Swanger., I have no further questions.
18 JUDGE BRENNER: Mr. Youngling, I have a
19 followup. You said you were going to perform an
20 inspection on the piston which you described at the
21 first refueling outage., I thought that the TDI
22 diesels were going to be removed from any service as
23 emergency standby diesels for Shoreham at the first
24 refueling outage.
25 MR. YOUNGLING: Judge Brenner, based on
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ir 1 our total analysis of the diesel generators, looking
2 at our overall effort, not only in these four
‘ 3 components, but the remainder of the engines, Lilco
4 is extremely confident that we will be able to
5 qualify these engines.
6 Consegquently, we are planning as good
7 prudent management to insure that these engines are
8 available not only for the first cycle, but future
9 cycles. And the Colt diesel engines will be used to
10 compliment the TD! diesels. and the Shoreham plant
il will be one of the most unusual plants in the United
12 States, in that we will have six qualified diesel
. 13 generators to support plant operation,
L4 JUDGE BRENNER: Actually it will only be
15 unusua. by that number, because there are other
16 ;lontl w th smaller diescls and a larger number.
17 I guess it would help me some time when
18 it's convenient, not this week, for Lilco to give me
19 a brief oral rendition of what findings Lilco is
20 asking us to make with respect to the time frame
21 question on the diesels, because there's testimony
' 42 that telates to that, particularly the Staff's, and
23 I thought it was an official proposal that Lilco was
4 only relying on these diesels until the first
25 refueling cycle.
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- i 1 don't know if that matters to any of
2| our findings; let me say that at the outset. But it
3 might., And if I could get that explanation in the
. 4 near future in this proceeding, we will hear it.
5 MR. ELLIS: Yes, sir, we will do that.
6 JUDGE MORRIS: Gentleman, I have a few
7 areas of inquiry.
8 First to Mr. Youngling., Coming back to
9 the pressure measurements that you would make
10 periodically, what was the frequency?
1l MR, YOUMGLING: The TDI manual specifies
12 that we take those readings at each annual outage,
.O 13 or each refueling outage.
14 JUDGE MORRIS: Each refueling outage.
15 MR, YOUNGLING: VYes, and that will
16 ;Otlllly occur each 18 months.
17 JUDGE MORRIS: And these would be made
18 with the Kiene instrument?
19 MR, YOUNGLING: fes, they would be made
20 with the Kiene gage. As I testified earlier, the
P Kiene gage is a satisfactory gauge for discerning
. 22 trends., That's what we are looking for, is trends.
23 JUDGE MORRIS: And if you saw a change in
4 the peak firing pressure outside of the TDI limits,
é5 you would then retune the engine, is that the ==
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¥R, YOUNGLING: We would take the
appropriate steps. It could be a tuning, or it
could also tequire that we go into the engine and
look at the rings or the valves, yes.

JUDGE MORRIS: Dr, Pischinger, 1'd like
to understand a little more about the behavior of
the peak firing pressure as a function of time.

With the accurate measurements you can
follow the pressure throughout the cycle, and you
get, | presume, something like a sinusoidal wave, is
that correct?

DR, PISCHINGER: The last word but one I
couldn't ==~

JUDGE MORRIS: If you plotted the
pressure versus time, it would be something like a
;1nu|otd¢1 wave?

DR, PISCHINGER: In a very rough serse,.
Of course if you analyze it, this is, as it is shown
in Exhibit No. 5, it is =~ well deviates a little
from ==~

JUDGE MORRIS: Let's call it oscillatory.

DK, PISCHINGER: | beg your pardon.

JUDGE MORRIS: COscillatory, so we won't
try to define the shape.

DR. PISCHINGER: Yes, it will be a




oscillatory function of time.

JUDGE MORRIS: For a single cylinder,

i

loocking at each peak, over a period »>»f say a minute,

what variation in the peaks would yru anticipate?

DR. PISCHINGER: As measurements indicatej
|
in agreement with my experience, this will be -

ve you the percentage 1in just a moment.

JUDGE MORRIS: Fine.

DR, PISCHINGER: The scatter of the peak
values will be in the range of about 7%.
|

JUDGE MORRIS: That's a total range of 7%

DR, PISCHINGER: This is a total range.

JUDGE MORRIS: Yes.

DR, PISCHINGER The band within the
pressure of this, the peak pressures, will varvy.

JUDGE MORRIS: And if you were to take an
average peak pressure for that one minute, and then
come back, say a month later, after continuous

operation, what kind of differences would you expect

at that time in the average peak pressure?

DR., PISCHINGER: This may depend on how
much the engine was opera 1 in this time. If you
relate to running hours -

assume continuous

call ' -
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gqualified power level.

DR. PISCHINGER: And you said one month?

JUDGE MORRIS: Yes.

DR. PISCHINGER: According to my
experience, if the engine stays untouched, that
means nobody interferes by let's say resetting of
the fuel pump, it will not vary =-- it will =-- within
1, 2 or 3% is maximum, the maximum this mean value
will change.

JUDGE MORRIS: 1f over some long period
of time you noticed some difference in the engine
performance, what symptoms would indicate that the
firing pressure was changing?

DR. PISCHINGER: I ==

JUDGE MORRIS: for example, would it
éaase an increase in fuel consumption to maintain
the same output? I'm just making this up as an
example.

DR. PISCHINGER: I understand. Yes, you
mean what symptoms -- symptoms left aside -- say.,
checking with pressure measurements.

JUDGE MORRIS: Correct.

DR. PISCHINGER: Yes. For instance,
increase of fuel consumption at the same output,

that will be, that could be an indication.
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JUDGE MORRIS: So would it be your

opinion that if the peak firing pressure changed
substantially, le“'s say 10%, that that would be
noticeable in the engine's operation?

DR. PISCHINGER: By measuring the fuel
consumption, and control, close control of the load,
this certainly would be measvred.

JUDGE MORRIS: Yesterday Judge Ferguson
was examining the peak firing pressures of different
engines before and after replacement of the
crankshaft. Would the increase in the dicmeter of
the crank pin affect the firing pressure?

DR, PISCHINGER: No. Definitely not to a
noticeable degree, if all other engine setting
parameters stay exactly the same.

JUDGE MORRIS: Thank youa.

Dr. McCarthy, I can't see you over there,
because of the strange topology we have in this
bench. You mentioned early ia this proceeding the
gquality assurance that Faha applied to this project;
in our business we are usvally focusing on quality
assurance of hardwere, that 1s to fay structures,
systems and components.

Suo 1'd like to learn & little bit about

how QA is applied to the activities of this project.
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For example, is there a permanent guality assurance
organization within FaAA?

Are ! rocedures that are applied
more or less in a standard fashion to the many
2different types of assignments that you have? And
I'll stop with those two guestions. have some
more, but so we don't lose track, can you respond.

DR. McCARTHY: Yes, Judge Morris. The

yes, to all of your questions.

First of all, Appendix B of Code 10 CFR
Part 50 spells out guality assurance procedures for
work in -- relating to engineering of nuclear-relate
activities.

OQur company has a designated quality
assurance Manager who reports directly to me, who ig
Dr. Johnson. Dr. Swanger is an assistant gquality
assurance Manager in the company, also 1n that
capacity reporting directly to me.

Our guality assurance procedures, and 1
have with me a copy of ocur gquality assurance and
operating procedures manuals, are a standard book
that's maintained within the various sections of t!

company, is continuously updated when required in

accordance with our operating procedures. They do

spell out oth the true procedure and the
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methods for assembling support packages to our
technical work product, which includes such standard
features as all calculations being independently
checked by another engineer different from the one
who performed the original inspection, the levels of
management sign-off, and things of that nature.

JUDGE MORRIS: It wasn't clear to me
whether those persons, for example Dr. Swanger who
performed QA functions, are completely independent
of those who do the initial work, or does that
change with time, or how does that work?

DR. McCARTHY: I'm sorry. Perhaps 1
incorrectly characterized their role. Dr. Johnson
or Dr. Swanger's responsibility to me in their
quality assurance role is that the procedure is
gollowed. They, especially with a firm of our size,
could not hope to audit the technical product of the
whole firm, nor is their expertise appropriate for
that audit in all areas.

Their responsibility is to make sure that
when a report is generated, let's say by someone in
our instrumentation group, that someone independent
also with appropriate instrument expertise, audits
that report, -and that the procedure is followed.

Who performs the audit has to be someone
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independent of the original performer of the work,
who also has the appropriate expertise.

JUDGE MORRIS: So that would change with
the nature of the particular jobs that you were
performing?

DR. McCARTHY: Yes. And the reviewer is
particular reviewer in a particular joo is selected
by a corporate officer, and indeed reviewers
throughout the company can be -- the role of worker
and reviewer, individuals on the Staff will do both
roles on different jobs, and of course all our work
has had, it's my understanding, an independent Lilco
audit in addition to our own QA procedures.

JUDGE MORRIS: As an example, could you
tell me how you would perform a QA function on a
;inite element analysis of, for example, a piston
skirt?

DR. McCARTHY: Okay. In the particular
finite element analysis that we discussed here today
of course Dr. Harris was the Task Manager who
assembled with the help of Mr. Sire and Mr. Muir the
analysis that's reported.

The reviewer on that program was Dr.
Graham Fowler, PhD in applied mechanics from Cal

Tech, with extensive finite element experience. His

224L8




review is reflected in the sign-offs on the support
package. He is not, however, here today.
Q. Do you accomplish something like a
gqualification of the computer programs?
DR. McCARTHY: Yes. As part of the
procedure, there is a qualification requirement for
computer programs, and also in assembling the

support package backing up a report, the version and

copy of the program actually used in analysis has to

be appended as part of the support package.
Prograwms, especially commercially-used finite
element programs, will occasionally be updated and
expanded by their supplier, but we also track which
particular version was used for which particular
analysis.

JUDGE MORRIS: Dr. Pischinger, did you
want to say something?

DR, PISCHINGER: No, I just wanted

MORRIS: So, with respect to
gqualification of computer programs, I believe
have responded, along with the program goes he
boundary conditions or the assumptions which have
be stated to solve the problem.

assurance is made on the corre&c
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those boundary conditions?

DR. McCARTHY: The reviewer not only, of
course, must have the appropriate expertise to
evaluate 2ssumptions made in boundary conditions,
but in addition to the printout, which will have the
inputs to the computer program, it is required that
the engineering assumptions involved be stated so
that the reviewer can make an evaluation of both the
assumptions made for input, as well as the numerical
input itself.

JUDGE MORRIS: Thank you. That's all I
have at this time.

JUDGE BRENNER: Gentlemen, I wanted to
try and clarify some basic terms that are used in
your testimony and in the exhibits. Some of these
Save been alluded to earlier, but I want to try to
get it clarified and also get it all in one place.

Can you explain to me what 1is denominated
by the use of the positive and negative signs in
relation to the values for stress and strain? If 1ix
helps you to refer to some of your exhibits, such as
16 or 17, you can do that. You might want to
explain it in context of what you mean by minimum
stress or strain and maximum stress or strain.

DR. HARRIS: In order to simplify the

D 0
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discussion of stress, let's concentrate on normal
stress and for the moment, hopefully for tle whole
morning, not consider sheer stresses.

All of the tabulations in our reports
have to do with normal stresses, and a normal stress
is much like a pressure. It's just a force per unit
area. And has, therefore, the units such as pounds
per sguare inch.

A positive value of a ﬁormal stress for
mechanical engineers pertains to the situation where
you are; you're pulling on a body, when you put it
in tension you have positive normal stress. If you
put it in compression, that is if you're pushing on
it, then you would have negative normal stress.

As I mentioned briefly, the sheer
stresses are also another important component of the
problem. So that stress is actually, has six
components to it. It's a fairly complex thing. But
hopefully the discussion I just gave on normal
stress will be sufficient for the current discussion

JUDGE BRENNER: 1 can ask a follow-up and
maybe that will help clarify it, unless you wan® to
add something to that, Dr. Swanger.

DR. SWANGER: 1 believe your guestion

also asks for clarificaticn of minimum stresses and
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maximum stresses.

JUDGE BRENNER: Yes, and my follow-up was
going to be either Dr. Swanger or Dr. Harris the
other day stated that all the minimum stresses were
negative, and I was wondering whether you meant that
totally or just with respect to a particular exhibit
that you had in mind. And it was in the context of
Dr. Swanger warning us not to confuse that with the
slgebraic use of positive and negative.

DR. SWANGER: Minimum stresses and
meximum stresses only have meaning due to their
comparative nature. In looking at a set of stresses
that stress which would be the algebraically lowest
stress would be the minimum stress. That stress
which would be the algebraically largest stress
;ould be the maximum stress.

In general, depending on the problem
being solved, both minimum stresses and maximum
stresses could be either negative or positive. But
we believe that in the stud boss region of the AE
piston, the minimum stresses are always negative.

JUDGE BRENNER: And the maximum stresses
could be negative or positive, correct?

DR. HARRIS: Yes, Judge Brenner, that is

correct.
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JUDGE BRENNER: Let's take ont example.
If you look at exhibit P-17, that's your table wiere
you Present the cyclic stresses. Now am I correct
that in order to get the cyclic stress you have to
subtract the minimum stress from the maximum stress?

MR. ELLIS: Which number again, please,
Judge Brenner?

JUDGE BRENNER: P-17.

MR. ELLIS: Thank you.

JUDGE BRENNER: Let's take an example in
that exhibit. Could you, using let's say the ll-inc
I'm sorry, the 11 milligram under the steady state
condition example, could you tell me what the cyclic
stress would be under the finite element analysis
for that example?
| DR. HARRIS: Referring to the stress
levels under the column that has FE at the top,
referring to finite elements, under steady state
conditions with an 11 milligram, the maximum stress
would be 1.57 ksi. The minimum stress would be
minus 42.2 ksi.

This means that the maximum stress is
tension, and the minimum stress is compressive.

The cyclic stress would be the maximum

stress, minus the minimum stress, which is, using
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the numbers I decided to provide you with the record
of the cyclic stress of 43.97 ksi.

There's a closely-related stress
parameter that is also of interest called Sigma Sub
A for the cyclic stress example. That is equal to
one-half of the value that I just cited.

JUDGE BRENNER: Thank you.

You discussed in some of your exhibits a
comparison in what you have labeled steady state
conditions in contrast to isothermal conditions.
For example, the triangle presentation in exhibit
P-23 does that, and your testimony does that also.

Am I correct that when you say steady
state conditions you mean the conditions in an
operating diesel, is that right?

. DR. HARRIS: Yes, Judge Brenner.

JUDGE BRENNER: And when you say
isothermal conditions you mean the conditions in
your experiments, is that correct?

DR. HARRIS: 1 mean the conditions in my
experiments and also the conditions in an operating
engine when it's first started from a cold, from a
non-operating condition. As when you start an
engine that has been in the stand-by condition, it

will be under isothermal conditions. When you first
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start the engine it takes a while for the
temperatures in the piston crown, and elsewhere in
the engine, to reach the steady state condition, SO
there's a transition period in there, and the
isothermal condition and steady state conditions
provide the two extremes of the beginning and the
end of this transient or time-bearing condition.

JUDGE BRENNER: All right. I will keep
the distinction you have in mind by those labels.
The reason I asked is that, now to make sure I have
got that correct, you also testified that in your
opinion, under normal operating conditions that you
relate to under steady state conditions, the
temperature of the piston skirts were, I believe,
expressed as relatively isothermal.

DR. HARRIS: VYes, I believe that's
correct. Or it's a characterization that I guoted.

JUDGE BRENNER: We have discussed several
times again this morning your testimony with respect
to the fact that you can state that cracks up to a
half inch, in your opinion, would not propagate.

And I understand Dr. Swanger's explanation that that
&as conveniently as far as you went.
Does the length of thut crack matter at

all to your analysis or conclusions? You have
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always discussed it only in terms of the depth of
the crack. 1In other words, if you had a longer
shallower crack, might we expect different
propagation than a shorter crack?

DR. HARRIS: Everything else being equal
the crack growth rate would depend on the surface
length of the crack in addition to only its depth.

As I recall, the fracture mechanics
analysis in the AE piston skirt took the
conservative approach of assuming that the surface
length of the crack was infinite, very, very, Very
very long relative to its depth.

JUDGE BRENNER: All rigbt. You
anticipated my next guestion.

Dr. McCarthy, you discussed the concept,
I guess 1 could call it the knee effect, if you
would, in relation to your answer 87 in your
testimony, and by responding to Mr. Dynner's
guestions it was your testimony that the situation
with the crankshafts supported testimony, and 1
didn't understand the bases for your point, and I
want to come back to it now. For the sake of the
record that discussion with Mr. Dynner was
approximately transcript page 22,354, and thereafter

although I don't know that we have to refer to it in
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terms of reading it now.

As I understand the testimony in your
direct testimony, it is that once you get over the
particular beginning of the knee in the case of the
piston, you believe that to be 1.35 million cycles,
approximately, that you would expect that 93% of
anything that would fail up to 10 million cycles
would have failed by that 1.35 million cycle point.
Am I correct?

DR. McCARTHY: No. If I left that
impression, my explanation was not then clear.

The knee occurs on ferritic materials at
10 to the 7 cycles. Which means that anything that
makes it to 10 to the 7th should run forever, for
ferritic materials. That's the infinite life point.
if it's run at that rate for the remainder of its
cycles.

In other words, if it lasts 10 million
cycles it will exhibit infinite life.

Now, if you have a part “hat makes it to
1.3 million cycles, the stress level of that part
can only be 7% above the endurance limit at a
maximum, or you should have observed failures. In
other words, 1.3 million, a part designed to last

only 1.3 million cycles can only have a stress 7%
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above the endurance limit

Now the key factor in that, of course, is
we have a large number of parts whose statistical
variation of stress and strength would be, one would
expect the scatter to be substantially greater than
7%, and as we observed in the crankshafts, all three
of them developed cracks or failures, because they
were in this range of one million to 10 million, and
indeed cne broke, and the other two had substantial
crack growth., Whereas when we looked at 10 pistons,
40 bosses and 80 fillets, we saw not a single
indication.

And therefore, since we went to 1.35
million cycles on the ten pistons, which means their
stress level could at most have been 7% above the
éndutance limit, and we got no indications, we have
concluded, in fact, that the stress level is
substantially below the endurance limit, because not
even the weakest material in the most highly
stressed stud boss developed a single indication
after 100 hours.

JUDGE BRENNER: Sorry, you have have lost
me again and I'm sure it's my fault. 1f you tested
them, the pistons, that is, to the 1.35 million

cycles, correct?
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DR. McCARTHY: Yes.

JUDGE BRENNER: The crankshafts, prior to
the time any heat stress was noted in them, were
past 1.3 million cycles, I believe somebody
testified that the 102 crankshaft was about 3.4
million cycles.

DR, McCARTHY: 3.4 or 4 million, I don't
know whether that 3.4 reflects the preoperational
testing of TDI or not.

JUDGE BRENNER: Somewhere between the one
and 10 million.

DR. McCARTHY: Yes, right.

JUDGE BRENNER: And you're asking us to
say that that's of course the fact that if you look
at the pistons at 1.35 million cycles, we can assume
;hat they will not fail beyond that.

DR. McCARTEY: That is correct, because
had you opened up, just like what happened when we
opened up 3 blocks, we saw, in fact, one of the
parts had failed, and the other two had cracks. In
other words we looked at three and they all had
extremely large relative indications that they were
above their endurance limit, all three, the on=e that
failed, of course, told us that. And the other two,

even though they nadn't failed yet, had clearly very
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large indications, cracks that were visible to the
naked eye.

JUDGE BRENNER: You just said blocks;
maybe it's true for the blocks too. But didn't you
mean the crankshafts?

DR, McCARTHY: The -~ we had three
crankshafts, one of which had failed, twoc of which
had very large crack=-like indications, that could be
seen with the naked eye. All three crankshafts were
operating above their -- of the old type -- were
operating above their endurance limit, and in the
range from one million to 10 million cycles
developed cracks.

Now, let's take =-- let's go look at our
pistons, if they're operating in that same range,
;hat is above their endurance limit, and we look at
not three samples, indeed not 30 samples, but in
fact 40 bosses and 80 fillets, we see not a single
indication. And the crankshafts have taught us that
all the parts operating in that range are, if
they're above their endurance limit are either going
to fail or develop cracks. In fact none of the
pistons developed relevant indications or cracks.

JUDGE BRENNER: Well, here's my problem,.

1 take it people assume that the crankshafts were
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And would have ar¢
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is about the point of your esting ©
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found many relevant large indications on that fleet
of 80 crankshafts.

JUDGE BRENNER: And citing the experience
with just the three crankshafts, in support of your
view, in answer 87 of your testimony, are you
implying that if the crankshafts had been inspected
at the one million or 1.35 million cycles, that the
indications would have been apparent? Is that a
necessary element in your reliance on the crankshaft
experience for support?

DR. McCARTHY: I1f you had 80 of them you
definitely would have found some of them cracking.
I'm just =-- the guestion on the threse, I just have
to consult with my panel here on the crack growth
rate to answer that gquestion.

JUDGE BRENNER: Maybe this will help, Dr.
McCarthy. My question isn’t whether you can tell me
that those three cracks and in one case failure of
the crankshaft in fact would have been available at
one million or 1.35 million cycles. 1I'm asking you
whether it was a necessary element of your testimony
on which you relied on the crankshaft experience
that that be the case. I think you are telling me
no.

DR. McCARTHY: Let me understand the

| 2
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1 guestion. I'm sorry.
C
2 JUDGE BRENNER: Let me back up.
‘ 3 Mr. Dynner asked you wasn't the
4 crankshaft experience inconsistent with your
S testimony in answer 87, and you said no. In fact
6 the experience with those three crankshafts, you
7 weren't talking about 80, you were talking about
8 those three, supported strongly your testimony.
9 I am trying to understand a little better
10 why it supports your testimony strongly, since the
11 crankshaft failures, and problems, were not noted at
12 the one million cycle range, but rather were not
(-. 13 apparent until the three or four million cycle range|
14 And if I in my own simplistic way apply that to
15 piston experience, I would say, well, I don't care
16 ;hat you haven't seen any problems at one million
17 cycles. 1f the crankshaft experience is relevant,
18 maybe there will be failures at 3 to 4 million
19 cycles.
20 DR. McCARTHY: The answer to your
21 guestion is yes. But there are a couple of things
' 22 that don't make the analogy between crankshafts and
23 pistons exact. And that is the crack growth rate.
24 That's one other parameter you have to consider to
25 know that, for instance, 1.35 million cycles is
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sufficient on, let's say pistons, which it is,
wher2as on crankshafts you might have needed 2.5
million because of the different in the crack growth
rate.

When Mr. Dynner mentioned the crankshaft
experience, I thought that was an excellent
illustrative example of how, if you park an
operating stress level above the knee of the curve
or the infinite life, even though you make it into'a
million cycles, all of the parts that you have
parked in there, if they're operating in that, above
their endurance limit, will exhibit either
indications or failure before they get to 10 million
cycles.

The piston crack growth rate is faster
than the crankshafts, and there =--

(Discussion off the record among the
witnesses.)

DR. McCARTHY: As one of my engineers
observed, we predict no crack. I1f the pistons were
operating in a range, a stress level, where they
were =-- let me start again. Cracks do not propagate
in the piston. So there isn't a piston crack growth
rate to discuss here. But in the crankshafts, had

they been inspected at the same point in their
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operational service as the pistons were, and this is
the key, not that they operated successfully, but
they were inspected before failure, with the
technigques to find incipient cracks, you would have
expected to find these cracks before the failure of
the crankshaft, before the failure of any one of
them. And in fact after one failed, two others were
found with cracks.

Given our analysis of the piston, we are
highly confident that were the pistons operating
above their endurance limit at 1.35 million cycles,
we would have found many relevant indications were
cracks initiating and growing in the pistons. And I
think the analogy between the crankshafts and the
pistons relative to are they operating above their
;ndurance limit is a good one. That was the reason
for my answer to Mr. Dynner's question.

JUDGE MORRIS: Just so the record is
clear, Dr. McCarthy, could you define for us right
here what endurance limit means?

DR. McCARTHY: Endurance limit is the
stress level in a part, cyclic stress level below
which the part will endure, though cyclic stress
levels, forever, that is, exhibit infinite life.

DR. SWANGER: 1 can also refer you to
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Lilco's exhibit P-28, which is a selection from the
iron castings handbook. On the second page of thet
exhibit is a definition of the endurance limit. It
states, discussing fatigue performance it says, "As
the maximum stress is reduced, the number of cycles
necessary to produce a failure becomes much larger.
The highest stress at which the number of cycles for
failure approaches infinity, generally in excess of
10 million cycles, is called the endurance limit."

JUDGE MORRIS: Thank you.

JUDGE BRENNER: All right, getting back
to the theme of some basic terms.

This morning you gave us the definition
of stress. Wwhile we are at it could you give us the
definition of strain?

DR., HARRIS: Strain, like stress, is a
fairly complex concept of solid mechanics. There
are sheer strains and normal strains. And for our
purposes we can concentrate on normal strains.

Strains has to do with how much a body
conforms when subjected to a stress. 1f you put a
body in tension, that is you pull on 1it, it will get
longer, and that will be a tensile strength, which
is taken to be a positive strength,

And the strain itself is defined as the
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change in length of the body divided by its initial
length. It's especially illustrative tec think in
terms of what is called uniaxial tension, where you
have a slender bar in which you can pull and push on
the bar. I1f you pull on the bar, the change 1in
length of the bar divided by its initial length, is
the strength, the normal strength.

Since it's a change in length divided by
the length, the units are dimension last, but guite
often you see strains given in inches per inch or
millimeters per millimeter, which is really
dimensions.

JUDGE BRENNER: Right. 1In fact one of
your exhibits gives the units, at least was 't micro
inches per inch?

DR. HARRIS: Sometimes micro inches per
inch, sc you get numbers you feel more comfortable
with, becaus. in fairly stitf hodies, like bodies
composed ¢f iron and steel, as you know frux every
day experience, you pull on a piece of steel it
doesn't get much longer. You need very sensitive
instrumentation in order to detect tis.

I1f you push on the slender body, it will
get shorter, and this is, you're applying a compress

cif stress, and you get a compress cif normal
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negative as the change in the Delta L by
mathematical convention is negative.

JUDGE BRENNER: Thank you.

JUDGE BRENNER: Thank you, gentlemen, we
can go to Lilco for its redirect.

REDIRECT EXAMINATION BY MR. ELLIS:

Q. Dr. McCarthy, in respcnse to some of Mr.
Dynner's guestions you were aske"about -

JUDGE BRENNER: Mr. Ellis, I'm sorry, the
fan is going overhead. I'm having difficulty
hearing.

MR. ELLIS: Is this better?

Q. Dr. McCarthy, in response to Mr. Dynner's
questions about whether you have designed a diesel
;ngine, 1'd like to refer you, if I may, to your
resume, which is an attachment to the Lilco
testimony. Do you have that in front of you?

DR. McCARTHY: Yes. Yes.

MR. ELLIS: For the benefit of the Board,
this is the first page in the attachments.

Q. Dr. McCarthy, again, would you tell the
Board, please, the ways in which == tell us whelher
your background is reflected in your resume there as

relates to experience or familiarity with the design
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or manufacture of diesel engines such as those at
Shoreham?

DR. McCARTHY: Wwell, yes. As I indicated
in my previous examination, I performed failure
analyses in the past that dealt with large medium
speed diesel engines in nuclear backup service. I
have also worked on large medium speed diesel
engines in non-nuclear backup service.

The major service, which I, and
personally the firm as a whole is called upon to
deliver, is failure analysis, to determine why a
particular part failed.

You cannot answer guestions with regard
to why failure occurred without analyzing the design
aspects, material aspects, the service, the use, Or
gt use, and analyze the contributions of those
various factors to determine why failure occurred.

My background has been involved in
analyzing design contribution to engine failure for
large medium speed diesels, as well as many other
major propulsion engine energy conversion oOr
generation systems, both for engines and turbines
and large industrial eguipment of numerous types.

Q. Is your academic training also involved

with experience in mechanical design related to
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diesel engines such as those at Shoreham?

DR, McCARTHY: VYes. First of all my
Doctorate is in mechanical design, and in studying
for that Doctorate at MIT some of my course work
involved design and control of large rotating
machinery explicitly as the course title, and the
whole term of study with regard to those courses.
This not only involved s:udy of the design
techniques for large rotating machinery, but the
design analysis with the mcst current and powerful
analytical techniques to be called upon by a
sophisticated manufacturer or user of such equipment
for design analysis input,.

You canncot bring merely the conventional
and accepted and long ago learned techniques and
Qethods of analysis to the problem., An individual
called in as an outside consultant must bring what
is the state »f the art in the design analysis area
to provide indeed an economically viable service.

My testing and professional work has been
dedicated to that, especially with regard to
mechanical design and machine and mechanism design
during my entire career.

Q. Dr. McCarthy as President of FaAA do you

consider that FaAA with the expertise it assembled




with respect to Shoreham was expert in matters
involving the manufacture and design of diesel
engine components, such as pistons?

DR. McCARTHY: Yes. As I think that'
become apparent during the last few days of
testimony; all the members of my Staff bring
substantial experience gained not only within
failure analysis, but outside of failure analysi
ti.e design and development of measures and
mechanisms and parts that are either directly

applicable or very closely alllied to the design

problems and analyses guestions that are involved in

large medium speed diesel engines.

The design analysis that occurred on
Shoreham diesels reflects the input and direct
participation of more than 40 very senior scient

the Staff, a fraction of which have been part

this panel, and more members of which will become

and will appe i s members of follow-on panels.

S

s in

ists

of

sdividuals' collective expertise,

and the e erpertise of Failure Analysis
has made us he 1 believe certainly
most widely o d 1giceering firm in the
nation devoted prin ' the analysis and

preventior eng ing failures.

’
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Q. Dr. Pischinger, you testified as to your
experience in design. Have you had experience in
assembling design teams to consider either the
design or the review of a design for diesel engines
or dies2)l ~omponents?

DR. PISCHINGER: Certainly I have been
involved through my professional life until now, a
lot of years, nearly 30 years, in dealing with teams
working in design.

But maybe I should define a little again
what this design of the diesel engine -- the diesel
engine process is already an old process, and the
principle hasn't changed since its invention. What
changed, the designs. So in principle all diesel
designs are redesigns. It's a steady state
redesigning involving the modern and the achievement
new achievements of different sizes.

And so today's design has to involve the
sciences which are known today, and of course has to
rely on experience with failure evaluation of
previous diesel engines, of running diesel engines,
and in this sense I may stress that this panel in an
ideal -- ideally =-- very very good sense combines
the input for such a design for redesign of diesel

engine components, fcr instance such as a piston,
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because we 1ave present a very powerful failure
analysis.

We have present material scientists and
all these people not +the first time in touch with
component design, or even diesel design.

We have maintenance experience. we have
experience for very thorough evaluatioa of testing
and failures. And this is just what is nea2ded toO
make a design.

I want to express that in the public mest
people think a design, a man who is designing, or
lady, is just drawing lines out of his sxiperiernce.
This is not true, and this is especially not true
today.

The design is bringing together all the
éxpetience of the different, of the input from the
different special knowledge, and to combine it for
defining the shape of a part.

And our experience in the work done in
combination with the Shorehzam problem that those
people working in this group, each for himself, but
to a larger extent all together, represent a very
very strong power in designing engine component,
especially a diesel engine component.

Q. When you say =--




MR. DYNNER Mr. Ellis, I°1ll give you ti
same suggestion I have given to Mr. Dynner alcng the
way. I think you'd better focus your questions, to
the extent you can, in order to get more focused,
shorter answers.

MR. ELLIS: Thank you, judge.

Q. When you said "these people” in your
answers, were you referring to the panel?

DR. PISCHINGER: To the people on the
panel, yes.

MR. ELLIS: Thank you.

Q. Dr. Swanger, you indicated that you were

a director of product development for a diesel

camponent manufacturer. Would you tell us, please,
what your responsibilities were, how they relate to
experience that is relevant to Shoreham.

DR. SWANGER: Yes. As Director of
Development for the engine parts division of
Clevite 1 had reporting to me managers of
al engineering, metallurgical engineering

analysis.
Reporting © those managers were
2ngineers m 'anical engineers,

ng technicians, L0
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I was personally involved in a number of
the technical aspects of the design and development
work on pistons, cylinder liners and engine sleeve
bearings that went on in this group, as well as
being responsible for the administrative aspects.

Q. I think you testified in response to Mr.
Dynner's gquestions about your experience in design
of pistons and other -- strike that. In celation ==
you testified in response to Mr. Dynner about your
experience in design of diesel engine components at
Cooper Bessemer. Would you tell us what other
design experience you had.

DR. SWANGER: Yes. 1n addition to that
one specific example of a large cast iron piston I
discussed, I was irvolved in the design evolution of
6ther pistons for other diesel engines, with which I
worked closely with people, employing finite element
analysis, for stress analysis, and also employing
thermal analysis for temperature profiles, and using
these inputs to help seiect the materials and the
processes necessary to generate those materials.

In addition, I worked extensively on theo
design of engine bearings, which have, as one of
their key features, the thin electroplated Babbitt

layer. And in the work on electroplating of the
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bearings, developed an expertise 1t theory and
application of the plating of thin ye of metals

on to components

JUDGE BRENNER: Excuse me,
Babbitt layer?
DR. SWANGER: Yes. B-a-b-b=-i-t-t. It"s

a lead or tin-based alloy used for good lubrication

and resistance to wear and scuffing.

o —

Qe Dr. Swanger, let me refer you to your

resume as well, which believe is attached as

number 6 to the Lilco testimony. Do you have that

in front of you?

DR. SWANGER

Was your wO in attaining
the PnD and MS degrees to your
experience at Shoreham:

DR. SWANGER tainly
in the a ' » é ence a
which - ] ] materia
nodular ) » ing ope

states :mp : ures a
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and finite element analysis results. Did these
percent differences affect your conclusions? The
fact that there are two percentage differences, I
think it was 28% and 33%.

DR. SWANGER: No, the conclusions are not
sensitive to that small difference of 33% or 28%.

The conclusion that the pistons at
Shor:zham will not have any potential for crack
propagation stands with either one of those.

Q. Did the experimental results change at
all in these two figures, 33% and 28%?

DR. SWANGER: The comparison was to one
set of experiments, values of which never changed.

The 33% or 28% refers to the degree of
conservatism in the finite element analysis relative
£o the experimental analysis.

1 believe that Dr. Harris can tell us
about the evolution of the finite element model and
as it became more accurate how it closer approached
the experimental results

DR. HARRIS: 1 would like tv reiterate
Dr. Swanger's statement that the experimental
results did not change. What did change, and what
was responsible for the changes in the percentages

of accuracy that were guoted, were the finite




element results.

As we started out on our finite element
analysis in pistons, we were using more simplified
bond reconditions. Those more simplified bond
reconditions led to less accurate stress levels.

As we became aware of the influence of
the simplified bond reconditions we decided to
continue refining the finite element analysis,
make the bond reconditions more representative
reality.

efined the finite element analys

-

and ref the statement of the bond

reconditions, e stresses continuously decreased,

and became more and more closer to the experimental
observations.

point -~ t various points we we

percentage accuracies.

, since the fin Q report has
appeared, t ed agreement between the finite
element and ' xperiments has not changed.

recent developmeni. was
st pin. q 5 another
in Stresses

believe

al results have
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That's been our you might say bedrock result. And
in no case has our conclusion regarding the
initiation and propagation of cracks or the lack of
propagation of cracks in the piston skirts changed.

The bottom line is independent of those
intermediate results that were obtained in the
process of coming to our final set of results.

MR. ELLIS: And the final results, is
that the May report? Are you referring to the May
report?

DR. HARRIS: The May report as was
supplemented by the thermal distortion report in
June.

Q. Would you expect that there would be
refinements in finite element analysis between the
bteliminaty and the final report, so that the extent
to which there is agreement with the experimental
results would change from preliminary to final
report?

DR. HARRIS: VYes, I certainly would
expect that. In fact that was the primary
motivation for continuing our finite element
analysis of pistons. The motivation was to improve
the statement of the bond reconditions, and improve

the agreement with the experimental observations.

R 9
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Q. Dr. Swanger and Dr. McCarthy, I believe
yesterday there was some discussion with Judge
Ferguson, concerning measurement of peak firing
pressure. Do you have some data before you that you
were looking at during the period of time that you
were answering those gquestions? Let me show you a
sheet and see if this is the data you were referring
to. If it is, Judge Brennei, I1'd like to have it
marked and give copies to the Board and the parties.

DR. McCARTHY: On the back sheet of this
handout is the data I showed to Judge Ferguson
yesterday, and the front sheet is a digitized -~ is
the digital data that is the source of the composite
pressure curve referenced earlier in the testimony,
1 believe, by several of us. P-5.

Q. Is this the data that was obtained in the
testing of one of the engines with the hydroelectric
transducer?

DR. SWANGER: Yes, this is data that was
taken with the Piezo electric transducer in the air
start valve of 103, taken at peak load, 3500
kilowatts.

Q. Were these sheets prepared by FaAA from
data prepared by FaAA?

A, These sheets were prepared by FaAA, from data




obtained by both Stone and Webster and FaAA during
the DG 103 crankshaft torsional test.

MR. ELLIS: Judge Brenner, we'd like

marked as a Lilco exhibit, and 1 am go

P>

it into the record.
UDGE BRENNER: Is there a tit
something that's practically
obliter: ¢ the top of the first page.

read : witnesses can

McCart ) : ) ow what ) sed to say?

RTHY: Yes he title say
at one deg ] ements
at center

rpose of the Boa
is nume s | you w l note
lumns and ) /s down
lumn on

lumn 9,

arting the u 2r le hand corne

rough
evolutio ' ' h requ
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the upper left hand entry, which is row one, column
one, you read across the page to get consecutive
data points, and then start down at row 2, column
one, and read across, and so on.

So it reads like a conventional printed
page, not down the column and then the top of the
next column.

JUDGE BRENNER: Give me a handy title for
exhibit purposes of these two pages, Mr. Ellis.

MR. ELLIS: VYes, sir. I think it can be
entitled average peak firing pressure measurements
on diesel generator 103.

JUDGE BRFNNER: All right, why don't we
mark it as Lilco Diesel exhibit P-35 for
jdentification so far. 1Is it okay to give it a
ﬁumerical designation, 35.

MR. ELLIS: Yes, sir, that's right.

JUDGE BRENNER: The motion is also to
move it into evidence. Do you have any objection?

MR. DYNNER: No, but we would, perhaps,
like just to check on whether this is in fact the
average peak firing pressures as the statement
implies.

MR. ELLIS: 1 think that's a good

question, Perhaps I'll just ask the witness to give
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1523. The one over at the right-hand side through
the mean line there is 1574,

Now all these pressures, the 1638, the
1523, and the 1574, one has to add the turbocharger
boost, which is approximately 30 psi. ]

Therefore, the 1.14 line is in fact 1668
psi.

Q. s the data in fact data at a hundred
percent?

DR. McCARTHY: Yes.

MR. ELLIS: Judge Brenner, we can and
will do better, and will give the record and get the
parties better exhibits as soon as we get hold of
the original.

JUDGE BRENNER: It's not going to be
;oday, I take it.

MR. ELLIS: No sir, it can't =-- I don't
think it can be today, because we are ==

MR, DYNNER All right.

It's admitted into evidence as Lilco
exhibit P-35, consisting ¢f two pages. We can
calling it simply Lilco EDG 103 cylinder 7 pressure
data. Is that generic enough to cover both sheets?

MR. ELLIS: Yes, sir, it is.

MR, DYNNER: 1 can do this later, but it
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might be appropriate to do it now.
Mr. Ellis might want to clarify whether

in fact the data

or not this Jdigitalized data is

that we spoke about during the cross-examination as

relating to exhibit P-5.

MR. ELLIS: Yes, this is part of the data

which we gave you, I believe, yesterday or whatever

we gave you in response to try to accommodate your

request for data.

JUDGE BRENNER: All right.

(Discussion off the record.)

Qe Dr., Swanger and Dr. McCarthy, at

cross-examination you were asked a number of

gquestions about the firing pressure of 1670 psig

that was employed by FaAA in connection with some of

its analysis on the piston., What is the

significance of this data with respect to that

number?

DR. SWANGER: The significance of this
data is it twofold.

One is that this data, along with its
graphic representation in Lilco's exhibit P-5, shows
that the peak firing pressure does indeed occur very

close to the top dead center position at 7 degrees

after top dead center
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The other significance of this data is
taking the second sheet of Lilco's exhibit P-35,
shows that in excess of 800 individual :xycles of the
engine, taken with the accurate quartz Piezo
electric transducer, that the highest peak firing
pressure obtained during these experiments at 100%
was 1668 psi, including the correction for the inlet
manifold pressure.

This is very close to the 1670 psi that
was used in the piston analysis center.

Q. Dr. Swanger, there was also testimony
during your cross-examination concerning the
examination of two pistons from the Kodiak engine.
Was the examination of two pistons rather than the
entire 16 pistons adequate in your opinion?

DR. SWANGER: Because the Kodiak engine
had experienced 6000 hours of operation at a peak
firing pressure of at least on an average 1200 psi
and a break mean effective pressure of about 1€5 psi
that is about 80% of load, we feel that this large
number of cycles, approaching 10U to the 8th cycles
on these pistons, made it perfectly appropriate only
to look at two of the pistons,

The inspections of both of these pistons

showed that there were absolutely no
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operationally-induced indications in them.

Q. Dr. Swanger, with respect to tin plating
and the guestions you were asked on that subject, is
it your opinion, or do you have an opinion whether
polishing and tin plating of two pistons from the RS
discussed in P-29 was done before or after operation
of those pistons in that engine?

DR. SWANGER: Yes. I think there had
been some confusion about that point, and
consideration of the evidence will clear this up.

The examination of the pistons clearly
showed that they had been operated in a engine after
the tin plating operation, and that no tin plating
had been done after the pistons came out of the
engine.

Also, as you recall, there was some
leakage current or is there any current, which
deposited tin on the inside of the piston, and in
fact deposited some tin over the areas of the stud
boss region, which were of interest.

Since that tin was still there, that
clearly demonstrates that if polishing operation
took place before the tin plating, hence that
polishing operation took place prior to insertion of|

these pistons into the R5 engine and prior to the
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1 Let me mention something w=e can add to

2 the crankshaft testimony by Lilco, so that Lilco can

3 consider this. I believe 1 asked during the

3 conference call last week whether Lilco intended to

5 put all of its crankshaft testimony on together.

6 And I believe the indication on that that call was

7 yes., 1f that's still the answer 1'd like to ask

8 Lilco to reconsider.

9 MR. ELLIS: I think the answer was yes.
10 But we Gid not mean to include shot peening in that.
11 JUDGE BRENNER: All right. Even
12 subtracting shot peening, that helps, because that

K/. 13 cuts the panel down from 12 to 6,
14 MR. ELLIS: That's right, Judge.
15 JUDGE BRENNER: You have your other
16 Eoncern with Dr., Pischinger, and I don't understand
17 why, if you continue tc have that concern, you don't
18 put the rather slim volume, at least in terms of
19 number of pages, of testimony sponsored by Dr.
20 Pischinger and Mr. Youngling, on separately, and
21 first., We have been hearing every other day about a
. 22 scheduling problem and that seems tO me an easy
23 solution,
) MR, ELLIS: Well, let’'s discuss that on
25 the break.
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JUDGE BRENNER: That's the only reason

I1'm raising it.

MR. ELLIS: Yes, sir.

JUDGE BRENNER: So you can consider that.
I1f we did that, we could go through all the parties'
gquestions on each piece of testimony.

MR. ELLIS: VYes, sir.

JUDGE BRENNER: If you don't want to do
that, fine, but don't talk to me about scheduling
problems later on.

MR. ELLIS: 1 think we have got that
message.

JUDGE BRENNER: Maybe there's some
relationship in the subject matter so that you don't
want to make that division, although the exact
£oltimony was able to be prepared with that division
in mind which might undercut that.

MR, ELLIS: I think, without discussing -F
! think there's such a connection and I think we do
want a panel of six.

JUDGE BRENNER: 1'1]1] let you do that. 1£
that's what you want to do.

MR, ELLIS: Thank you, 3Jjudge.

JUDGE BRENNER: Let's break until 11

o'clock.
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(Brief recess.)
BY MR. ELLIS:

Q. Dr. Swanger, you were asked a number of
questions yesterday concerning the thickness or
concerning the tin plating on the AE pistons. Do
you have an opinion regarding the thickness of the
tin plating on the AE pistons at Shoreham?

A. Yes, 1 do have such an opinion, My opinion is
based on inspection of the AE pistons at Shoreham
after running in the engine, as well as inspection
of other pistons, which I will relate.

My opinion is that I saw no performance
or operational problems with the tin, and therefore
conclude that the tin on the Shoreham pistons is not
applied in a layer that is too thick. But there was
ho evidence of tin migration on the AE pistons after
100 hours of operation at or above full load.

Also, 1 believe that the tin plating
process as done by DelLaval is the same for all of
the A series pistons, and therefore my opinion is
based on my inspection of more than just the AE
pistons, My opinion is that the uniformity of the
application of tin on a large population of AE
pistons and other pistons that 1 have inspected has

shown me no performance problems. That includes
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inspection of 32 pistons at the Catawba Nuclear
Station after operation, seeing no tin migration, no
performance problems associated with tin, and by
inspection of 32 pistons at the Randolph Nuclear
Station.

And again these were AE pistons after
approximately 200 hours of operation, with no
operational or performance problems related to the
tin.

It's on this broad population of AE
pistons that have run in engines and nuclear service
that I have personally inspected that I conclude
that there's not a problem with the tin plating on
an AE skirts at Shoreham.

Q. Dr. Swanger or others, in
Ezoll-cxamination and in examination by the Board
you have used the term isothermal. What do you mean
by isothermal in the context of the analysis of the
AL pistons at Shoreham?

DR, SWANGER: We have used the term
isothermal in two distinct instances.

The first of these instances is in the
finite element analysis. There we used the term
isothermal to apply to the entire piston assembly,

that is the piston and the crown, and the important
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thickness of the tin plating on an AE piston, can be
accurately measured by use of eddy current
measurements, can't it?

A. Yes it can. As was demonstrated on the
examination of the RS piston, with a calibration of
tin on nodular iron, which was done microscopically
and metallographically by FaAA, an accurate
measurement of tin thickness can be done by eddy
current.

Q. And did FaAA or Lilco or the owner's
group measure the thickness of the tin plating by
eddy current measurements on the AE pistons that
were installed at Shoreham?

DR. SWANGER: Since our inspection
showed that there were no operational or performance
érobloml associated with the tin on the pistons, we
felt it was unnecessary, and therefore did no
measurements of the tin thicknes;.

Q. As ! understand your testimony, in answer
to one of Mr. Goddard's guestions, given the maximum
variations on the thickness of tin plating for the
AE skirt, one could have as little as one mil on one
side of the piston theoretically and as many as 8
mil thickness on the other side, is that correct?

DR. SWANGCER: I don't think that that
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accurately reflects my testimony.

What I was discussing was the maximum
theoretical amount of tin which could be applied
around a piston, just based on the examination of
the dimensional tolerences as shown on the print.

However, in actual practice, as 1 had
discussed at length, tin plating is very easy to put
on in a uniform, circumferentially and
longitudinally uniform, layer on the piston.

The variation in the tolerance on both,
before plating and after plating, is four hundred
thousandths of an inch in both cases. And that just
demonstrates that the tolerance on the diameter is
unchanged by the plating process. Therefore, this
requires that a very uniform and precise layer of
iin ve applied.

Q. Perhaps you misunderstood my gquestion,
because my qguestion was a theoretical one and not
what the actual might be. Once you =-- if you ever
mentioned by eddy current, My gquestion is given the
tolerances, couldn't you have one mil on one side of
the piston skirt, and as many as 7 or 8 mils on the
other?

MR. ELLIS: Judge Brenner I may need to

have the gquestion read back, because I am not sure
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JUDGE BRENNER: Well we had testimony the

there's any foundation for what the tolerances in

fact are.

other day, Mr. Ellis, that relates to this. The
gquestion is whether or not you could theoretically
have as much as one mil of tin on the inside and 7
mils of tin on the outside of the piston skirt.

JUDGE MORRIS: No.

MR, DYNNER: No, I think we are assuming
that as per the design that the tin plating is only
on the outside of the skirt. The guestion is on one
side of the skirt could you have one mil anuy on the
other side, opposite it, could you have as many as 7
or 8 mils thickness.

M3, ELLIS: And my concern was that he
iaid within the tolevances, and 1 am not sure there
was a foundation laid as tov the tolerances.

JUOGE BRENNER: That we have on record.
We can, 1'm sure we will get it as part of the
answer now. 1I1f not, we will allow you to get it
“ight now.

MK, ELL1S: Thank you.

LR. SWANGER: The amount of tin build~-
up that could in theory, Just based on the

dimensional, the dlamotifeol dimensions of the
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P 1 pistons, be applied to the entire outside surface on
‘ 2 an diametrical basis is just 7 mils. Therefore if

3 you take this abstract hypothesis that in spite of
. B the high flowing power of a tin bath, due to its

5 high conductivity, and in spite of the fact that

6 electrodes are easily placed around the tin, that

7 somehow you could get one mil on one side, you could

8 only get 6 mils on the other side.

9| However, there's an additional tolerance

10 specified on the print, that says that 5 key

il diameters of the pistor must all be concentric to

12 each other within one thousandth of an inch.
/‘ 13 This additional tolerance on the print

14 for concentricity of 5 key diameters prevents a

15 variation in thickness of tin around the piston of

16 ﬁoxe, in my opinion, about half a thousandth of an

17 inch,

18 MR., DYNNER: Was that dimension, in fact,

19 measured with respect to all of the AE pistons

20 installed at Shoreham?

21 MR. YOUNGLING: Mr. Dynner, those
. 22 measurements were made by our PQC inspection of the

23 pistons at the TDI facility prior to shipment to

24 Shoreham.

JUDGE BRENNER: I1s PQC procurement
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some of the differences between the cylinder
pressures shown before the crankshaf replacement
and after the crankshaft replacement in exhibit P-9
might have been affected by the difference in the

season.

Could you explain briefly how the

seasonal differences would have an 1mpact on

pressure readings for the firing pressure of the

cylinders.

MR. YOUNGLING: Mr. Dynner, one of the
primary effects due to the seasonal differences is
the air temperature. And the effect of the air
temperature will and can result in a difference
the firing pressures measured, albeit not
necessarily a major contributor.

Do the higher temperatures result --

MR. YOUNGLING: Excuse me. Perhaps Dr.
Pischinger can add to that.

DR. PISCHINGER: Well lly, to put 1t
in general in such engines temperature
level var , small degree wit ne ambient

temperature ar of ¢ . I ature level

nas

ifltiace




compression strok luer ) a small degree the‘
peak pressure.

high nb i temperature usually|
result in a higher peak pressure or a lower peak
pressure?

DR. ISCHINGER: According to this
explanation, too little -- a higher ambient
temperature shortens the ignition lag, and makes
combustion start little earlier, which leads ¢t
little higher temperature.

Could you quantify =--

MR. ELLIS Excuse me, may I have the
of that answer read back, please.

ELLIS: Thank you.

you, Dr. Pischinger, quantify the
effects for us, in some way, that 1s to say 1
have a difference, a higher ambient temperatu
let us say 20 degrees, is there some way cof
quantifying how much, what effect that would
degrees, Or unds per sguare 1inch

pressure?

known,
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determine whether there were cracks d
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the AE skirts; would you tell us
methods of inspections you were

MR. YOUNGLING: First

prec

refer

Mr.
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these overviews how precisely would you go about

looking for cracks on the AE pistons?

1'm asking you Mr. Youngling, because
you're from Lilco, I think Dr. Swanger might be able
to give his views afterwards.

MR. YOUNGLING: Mr. Dynner, I have
committed for the company that as part of the
inspection of the pistons at the first refueling
outage we would inspect the piston boss areas by
eddy current.

Q. 1 am going to interrupt you, because my
gquestion was obviously before the first refueling
outage.

JUDGE BRENNER: I'm confused as to what
you are asking for Mr. Dynner. We have the
Eestimony already this morning, and we are going to
get it as to the inspections after the refueling
outage and that was not my guestion.

JUDGE BRENNER: He also testified as to
the Kiene gage measurements prior to that. You are
not asking about that either.

MR. DYNNER: No sir. I'm asking, and
1'11 clarify the guestion, if there was confusion.

JUDGE BRENNER: You're concerned about

the time.
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MR. DYNNER: Yes, I understand.

JUDGE BRENNER: So the sooner you
communicate with each other, the better.

MR. DYNNER: I'll do my best. That's why
I interrupted him. I didn't mean to be impolite,
but I didn't want you to go in on an area --

MR. DYNNER Go ahead.

Q. Before the inspections, after the first
refueling outage, you're going to =-- I think you
said that in the process of your normal maintenance
and overview, you're going to be looking for cracks
on the AE pistons, is that correct?

MR. YOUNGLING: As part of the
inspections required by the TDI Owner's Manual, and
the DRQR program at the intervals specified in those
éocuments, we will be performing overview
assessments.

At those intervals.

Q. Now are any of those ==

MR. YOUNGLING: Now -=

MR. DYNNER: Go ahead.

MR. YOUNGLING: Now in the TDI manual,
the first time I have to look at those pistons is at
the first refueling outage coming up. In accordance

with the DRQR program, the first time I have to look
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JUDGE BRENNER: I have enough trouble
with the lawyers in this case. Give me a break.

Now Dr. McCarthy, Judge Brenncr asked you
some guestions abcut the discussion concerning the

crankshafts.

Dr. McCarthy, do you know precisely

cracks initiated in the crankshafts 1in the

DR. McCARTHY: Not to get hung up on the
osophical guestion of when precisely any crack
iates. There were no inspections done of the
eham crankshaft prior, for cracks, after they

put 1n operat but prior to the failure of
irst crankshaft.

So you don't )W cracks first
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JUDGF BRENNER: While they're conferring,
Mr. Dynner, we are going to adjourn promptly on time
due to flight schedules, so how much more do you
have?

MR. DYNNER: That's it.

JUDGE BRENNER: Does the Staff have any
follow=-up?.

MR. GODDARD: Yes, just briefly.

JUDGE BRECNNER: How much, how briefly?

MR. GODDARD: 5 to 10 minutes

(Discussion off the record.)

JUDGE BRENNER: My apologies. I thought
it was 12:45. 1It's 11:45. Time flies when you're

having fun.

JUDGE BRENNER: All my statements about
;he crankshaft witnesses and so on was based on the
loss of an hour 1i1n my mind.

MR. ELLIS: We haven't sent anybody home.

JUDGE BRENNER: You must have been
wondering what I was talking about, and were tooO
polite to tell me. Don't hesitate to tell me; and I
can adjust to my own mistakes. Sorry.

JUDGE BRENNER: We are still waiting for
the answer. I1f you don't know, that's tge answer.

DR. SWANGER: We can't give yod any

b 1
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connecting pipe between the combustion chamber and
the point where the Kiene gage is positioned, it is
possible that by the phenomenon of pressure increase
by reflection, you can get a higher reading at the
Kiene ga.e.

In any case, the Kiene gage is an
apparatus which gives you the maximum of the maximum
values of different cyc =2s.

So there's sufficient reason for
regarding the Kiene gage reading as being rather too
high.

Q. And when you say rather too high, or the
possibility is it would be somewhat higher, can you
gquantify that? Are we talking about 1% difference
or more than 1%, in your experience?

A. 1f you ask on my experience, it tan Dbe, it can
be a lot. It depends on the geometry and the curve
of the combustion pressure versus strength. But 1in
this case I do not, and cannot, give you a
completely reliable figure.

MR. DYNNER: Thank you.

JUDGE BRENNER:  Mr. Goddardﬂ
CROSS-EXAMINATION BY MR. GODDARD:

Qe Thank you, Judge Brenner.

Dr. Pischinger, what, in your opinion,

p 3
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would be the upper limit on an acceptable thickness

for tin plating on the AE piston skirt?

DR., PISCHINGER: Units. Just a

Units. Well it comes out by 2 thousandths

inch.
Q. 2 mils you indicated?
DR. PISCHINGER: 2 mils, yes.
Qe Yesterday did you hear, did Dr. Swanger

testify that if tin plating was applied to an AE
piston skirt, of minimum dimension or minimum
diameter, prior to plating, that as much as 3.5 mils
on the radius could be applied, and that the pistons
would still meet the outer diameter check?

DR. PISCHINGER: I have in my remembrance
that this was a little hypothetical, or theoretical
;alculation, simply based on the diameter comparison
within the tolerances.

1£f, today, it was a -- if, or he said,
that if you take into account concentricity of the
diameter this variation in thickness will decrease
and will not be 3 mils.

Qe That is not the way I heard his testimony
but I'll accept your answer for now.

Dr. Pischinger, it isn't just theoretical

if you state that you can take a minimum diameter
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piston which meets tolerances prior to plating and
then measure it to the maximum tolerance after
plating. It is quite conceivable that you could
have the 3.5 mil plating egually around that piston,
is it not?

DR. PISCHINGER: Yes ~--

MR. ELLIS I object to the form of the
gquestion, because he says is it conceivable.
Anything is conceivable, and I don't think =-- at
least my Professor said even a square circle is
conceivable to him, He had powers that I don' . have
But I don't agree that that form of gquestioning is
appropriate.

JUDGE BRENNER: Why don't you rephrase it

Q. Dr. Pischinger, based upon the facts
;hich I just presented to you, the dimensions with
regard to the tolerances, cculd not, in fact, an AE
piston be plated to a thickness 3.5 mils, and still
pass pre-plating and post-plating inspection checks
for diameter.

DR, PISCHINGER: I would again check with
the drawing.

well it is true, if you only relate on
this measurement and assume these widely strange

tolerances to coincide, this could be pessible.
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Q. Without actually measuring the thickness
of the plating itself then, it is possible you could
get a three point 5 mil thickness plating of an AE
piston during this process, is that correct?

DR., PISCHINGER: 1 agree with you, but I
may add that if you get into a situation where the
thickness is too high, one would certainly see the
smearing effect in operation, and it was testified
yesterday, and I personally have, in addition 1
personally have seen guite a lot of these AE pistons
and I couldn't watch any of this smearing.

So by that I feel guite confident that at
least the pistons which are in the engine wouldn't
be affected by such an event,.

DR. SWANGER: Furthermore, in assessing
ghe likelinood or even the possibility that as much
as three and a half mils of tin could be put on, you
have to consider the plating process, as well, and
that the pistons would have to be in the plating
bath with the plating current applied for at least
two and a third times as long as the specified
amount of times necessary to put the proper amount of
tin on.

It is unlikely, in my experience, with

electroplating, where automatic timers and automatic
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controls of currents are commonly used, for such an
occurrence to exist.

Q. Dr. Swanger, you don't know where these
pistons were plated, do you?

DR. SWANGER: We know that the tin
plating is subcontracted out as we testified to
yesterday, and we had a lengthy discussion as to the
principles of electroplating and how we can make use
of the knowledge of general principles to draw
reasonable conclusions about what happens in a
commercial operation.

JUDGE BRENNER I didn't hear your answer
to the gquestion, Dr. Swanger.

DR. SWANGER: That's true. We don't know
where they were plated. We know that they were
Elated by an outside vendor to TDI.

Q. And your reasonable conclusions are all
based on the assumptions that they were using
technigques ané procedures in line with what you are
familiar with in your experience, is that not also
true?

DR. SWANGER: The primary basis for my
conclusion is inspection of pistons, which have
actually operated in engines, with no future

performance, whether these pistons feature =-- with
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no indications there's excess tin on it. I think
that that is the bottom line conclusion, that the
pistons, the AE piston skirts at Shoreham are
operating properly, given the amount of tin that
they do have, and that discussion of whether or not
it's measured is secondary to the observation that
they have been performing properly.

MR. YOUNGLING: Mr. Gardener, we'd like
to just caucus for a moment.

DR. SWANGER: In addition, earlier this
morning I mentioned the large number of pistons that
I personally have inspected after operation in
nuclear plants. And that adds to the strength of my
conviction that there is no problem with tin plating
on AE pistons.

In addition to that, the TDI owner's
group through its component tracking system has
access to a much broader data base, and that data
base also shows that there are no problems
associated with tin plating of any style of piston
in 7Dl engines.

Q. Based upon operational histories to date,
is that correct?

JUDGE BRENNER: I guess it's not based

upon future operational histories. So I don't




understand your guestion.

MR. GODDARD: Very well, Judge Brenner.

Your conclusions as bolstered Dby
experience, which you have observed may be sound,

but does this give you any basis for predicting

future results, given the possibility of smearing,

the possibility of plating mil thickness?
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that the questions are irrelevant to that contention

And there's some Staff testimony that
presumably we will get back to, not back to, we will
get to, and you'll have the opportunity to
cross-examine the Staff on the subject, and then 1
can put it all together and make a ruling. But I
can't do that right now. So the objection is
overruled.

MR. ELLIS: Yes. I know. I think my
objection really was to the hypothetical nature.
But as you pointed out, the entire contention may be
that., May I have the gquestion read back for the
panel, please. I think there's a pending gquestion.

JUDGE BRENNER: Yes, there is. Mr.
Goddard, can you repeat it.
- MR. GODDARD: Not after this dialogue,
Judge. 1 prefer to have the guestion read back.

JUDGE BRENNER: All right.

(The question is read by the reporter.)

DR. PISCHINGER: 1 think that the
experience, the operational experience with the AE
piston skirts, tin plated, if -- as -~ if they are,
give enough evidence that this very piston skirt
will safely operate also in the future as before

they have been examined they have experienced full
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load, and even overload, and they have especially
during the break-in period, which used to be very
critical, in these cases.

MR. GODDARD: Thank you, Dr. Pischinger.

Q. Just a clarifying gquestion to you. When
you said these pistons, do you mean the pistons
already installed in the EDG's at Shoreham?

DR, PISCHINGER: Yes.

MR. GODDARD: Thank you.

Q. Mr. Youngling, what if any plans does
Lilco have to QA for the thickness of tin plating on
future AE pistons which may be used in the diesel
generators at Shoreham station?

MR. YOUNGLING: Based on the experience
that we have had at Shoreham, and on the
iecommendations presently in place from the TDI
owner's group, we would have no planned future
actions any different than what we have put in place
now for the purchase of any AE pistons in the future
relative to the assessment of the tin plating.

Q. Mr. Ycungling, you say other than what
you have in place now. Do I interpret that to mean
you have no plans presently in place as well to
measure the actual thickness of the tin plating on

the AE pistons to be purchased in the future?
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MR. YOUNGLING: The present reguirements
are that the documentation is reviewed to insure
that TDI has, in fact, performed the tin plating, as
indicated on their routing sheets.

Q. When you say performed the tin plating as
indicated on the routing sheets, do those routing
sheets give any indication of the thickness of tin
plating applied or merely that tin plating was in
fact performed on the skirts prior to shipment?

MR. YOUNGLING: It indicates that the tin
plating was performed prior to shipment,

Q. Perhaps 1 asked a compound question.

I1'11 just clarify it. 1Is there any indication on
those routing sheets as to the thickness of the
plating that was applied?

| MR. YOUNGLING: No, there's no indication
as to the thickness. However, our experience has
shown, based on not only the experience at Shoreham,
but within the overall TDI engines, that there is
not a problem with the performance of the tin
plating.

MR. GODDARD: Thank you. I have no
further guestions.

JUDGE MORRIS: Dr. Pischinger.

DR. PISCHIWNGELR: Yes.
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JUDGE MORRIS: Let me give you a
hypothetical situation and then ask a guestion.

The hypothetical situation would be that
excessive tin was on at least part of the piston
skirt at the time of start-up of the engine, and the
break-in period

Can you describe to me whether the
excessive tin would cause a problem during the early
period, would not cause a problem for some period of
time, or can you say anything about how the problem
might arise?

DR. PISCHINGER: 1f one assumes a higher
thickness of the tin plating, excessive, as you say.,
anéd the piston diameter is still within the
tolerances, you usually get this already mentioned
;mearing appearance, which usually do aot affect the
operaticn of the piston, but of of course you can
see this appearance, if you remove the piston

I personally do not know of any case
where such a smearing has resulted in a catastraphic
piston failure, but it is generally regarded
unfavorably, and it could give rise to guicker wear
of the moving parts.

0f course, as you.stated, this is, in

that respect, also the hypothétical, as it depends
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on the amount of excess of tin. And there's
certainly anyway a limit which I myself cannot give
at the moment, where this excessive tin plating
could lead to troubles with the piston rings.

JUDGE MORRIS: Did you say with the piston rings?

DR. PISCHINGER: Could be, yes, could be
referred to the piston ring zone.

JUDGE MORRIS: Would it be possible to
proauce the kind of scoring that the County alludes
to, which might lead to blow-by?

DR. PISCHINGER: I personally think that
3 mils of tin plating, which if =-- which would be
hypothetically possible, if only the diameter, the
diameters are measured, would not lead to such a
damage, or effect.

l JUDGE MORRIS: Dr. Swanger, do you have
an opinion on that?

DR. SWANGER: 1 have an opinion on that,
as well as on the earlier hypothetical gquestion that
you had asked, Judge Morris.

1 think that there's a valid analogy
between the behavior of the tin layer on the piston,
and behavior of the thin Babbitt layer on bearings
that I had discussed earlier, as part of my

experience and expertise.
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It has been my experience that when
engines have been disassembled in the early part of
their life, and this is large medium speed diesel
engines, for inspection of the bearings with a
Babbitt layer, that if the Babbitt were applied too
thick that smearing of the Babbitt would occur very
early in the life of the engine. Perhaps on the
first few revolutions, when the accommodation of the
various moving parts, which is the purpose of
break-in, is occurring.

I think that an analagous situation would
occur with the pistons if hypothetically they had
too much or excessive tin, that the tin migration or
the smearing would occur early in the operation, and
that this redistribution of the tin would actually
;ccommodate the geometry of the piston to the liner,
and then minimize further smearing of the tin later
in its life.

As tu Lihe second guestion, about the
possibility of this amount of tin leading to
excessive blow-by, it is my opinion that the blow-by
is primarily controlled by the four compression
rings in the crown of the piston, and that a long,
multi-step process would have to be hypothesized in

which any problem with the tin could then lead to a
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problem with the compression rings, eventually
getting to the point where you could hypothesize
blow=-by.

Given the unlikeliness of any step in
this lerng chain of steps, I think that 3 mils of tin
would not lead to excessive blow=-by in the engine.

JUDGE MORKRIS: Dr. Pischinger, did you
have something else to add?

DR. PISCHINGER: I only want to stress,
or to add, I think I didn't do this, that according
to my experience, if there is tin migration or
smearing, it is in the beginning of break-in, and
first load apnearance, and then it decreases,
according to wear.

JUDGE MORRIS: 1 won't say fine, as Mr.
bynncr was careful to say. Thank you very much. 1
am not comfnenting On your answers.

JUDGE FRENNER: I thought you were going
to comment on his wanting to stress things.

Any redirect, Mr. Ellis, further redirect

MR. ELLIS: Yes, 1 have a couple, Judge
Brenner.

REDIRECT EXAMINATION BY MR. ELLIS:
Q. Dr. Pischinger and Dr. Swanger, 1in the

testimony that you have given about smearing, did

y 6

-




you observe any smearing on the AE pistons at
Shoreham after they had been in operation?
DR. SWANGER: I1'll go first and say

did not observe any smearing of tin on any AE
pistons at Shoreham or on any other of a large
number of AE or AF or other TDI pistons that I have
examined at other locations.

Q. Dr. Pischinger, did you observe any
smearing on the pistons at Shoreham?

DR. PISCHINGER: No, I didn't observe any
smearing on pistons at Shoreham. I think I stated
this already. And neither did those people which
reported to me upon being asked see any smearing
effect on the pistons.

ELLIS: Mr. Youngling ==~
2ISCHINGER: Yes. Mr Younglina
shoul say those perso who worked

e me this information,

Youngling, Mr. Dynner asked you a

number of gues following up on the 1inspections

to be done on he stons.




before they were installed and no Ccracks Or
indications, relevant indications were found.

And then the engines
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MR. DYNNER: object. This 1S
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My questioning has been tnhe shortest. 1
gquestioned for 30 minutes instead of 5 days

JUDGE BRENNER: I didn't guestlo

length. It was an objection 0 that partic
question, that's all.

Q. Mr. Youngling, you testified tha
has committed today to again inspect the pis
the first refueling outage by ligquid penetrant

magnetic particle testing, > d ' testing.

. _ , :
How many hours of surveillance testing do you expect

|
s
}

the engines to undergo between now and then?

MR. YOUNGLING: Between now and then, thej

|
|

engines will undergo approximately 120 hours of
|

surveillance testing.
JUDGE BRENNER: Is that
MR. YOUNGLING: Yes, Judge.
Am I correct that a hypothesized
LOOP/LOCA event for 7 days would be approximately
108 nours of engine running?
YOUNGLING Yes, it would.
much tota { d you expect,
e engines would
irst refueling

1 - +
nittea tO
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process, Dr. Pischinger had to travel from Germany

to look at the pistons and other components in the

engine and he also looked at these pistons and he

should comment on his observation.

DR. PISCHINGER: Yes, I can remember
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some wear, and it was

ch had this

ailready

piston




had been, they were

-
~

he inspector show

mn

L1aQ

Yyou

ocuments of your

pistons, Dr. Pischi

guestion? Did you

inspection when you

DK.

down here, but I di

Did you

about the inspectio

DR.

Could yo

piston that's shown

YOU

o
r

IS

~

> .

inspection of

write down the

PISCHINGER: I

PISCHINGER:

W

notes which had b

[
o

that th is true.

record ny of your results on

these particular

nger? Do you understand the

results of your

looked at these pistons?

think it 1s written

d not do this writing down.

personally write anything down
ns?

No, no.

u tell me when you looked a

yage designated A-1l

es, sir, what did

please.

HINGEF




‘\

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

225
of the running area of the piston above the wrist
pin, which has particular no loading contact, and I
am not cnncerned on marks in this region.

Q. Did anyone make any conclusions regarding
the area of the tin surface that's noted here as
appearing to be melted, as to the cause of that?

MR. YOUNGLING: Mr. Dynner, if you trace
the documentation through, we will see that a LDR
number.

DR. SEAMAN: 75 was written to discuss
the problems for the, or the observations, not the
problems, and that was a disposition, and I quote,
in accordance with the attached TDI memo -~

MR. DYNNER Mr. Youngling, is this one of
the documents in this exhibit?

MR. YOUNGLING: VYes it is. I am trying
to determine the number, the page number. I'll
count the pages. Have you been able to locate the
TDI memo?

JUDGE BRENNER: Yes.

MR. YOUNGLING: Let's go forward from
there, 7 pages. I'm sorry, 1 have a problem.

JUDGE BRENNER: This is a difficult
exhibit to work with, as we previously discovered.

MR. YOUNGLING: Let me take a few moments

B 4




JUDGE B
interrupt your answer ' hat thought
you were reading from a docu n ha £ i was one
we already have in evi

MR. YOUNGL

JUDGE BRENN
question directly, } : -0 whether
observation was looked 1 I determined.
MR. YOUNGLIN it was, Judge
Brenner. As part of the progr we consulted with
TD1 personnel, and e observa ns were judged as
al compo \ and were \ >d to be
ptable.
were clear eturned

inued ] and oper

|
i
i
1
|




make any

yf the tin surface

on




JUDGE
wore quickly foc
am going to
gquestion, he
that part of
come

to

en

personally,

surface area




the tin

be melted, 1if

UDGE BRENNER:

Younc

YOUNGLIN ' perhaps

Anybo

DYNNER

one




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

225B9

tell without doing any analysis that it was Jjust
cosmetic, is that correct?

DR. SWANGER: We could certainly tell,
based on knowledge of the design and operating
principles of diesel engines and where that
indication was on the piston that it was in a
non-critical area, and just by visual observation,
and rubbing fingers over it to make sure that it was
less than a thousandth of an inch in dimensions,
it's purely cosmetic.

Q. Did you personally see this area that had
been melted. You personally, not Mr. Youngling, did
you personally see it, run your fingers over it?

DR. SWANGER: 1 looked at an awful lot of
parts of the Shoreham diesels during this time
beriod when I spent weeks and months at a time at
the Shoreham site assisting in all of these
operations. A lot of the things that were
significant did stick in my mind. This one is
insignificant, but in spite of that 1 do think that
1 have a recollection of seeing this area on this
piston.

JUDGE BRENUNER: I don't understand what
ycu meant by the term "cosmetic." Did you mean tO

imply a preexisting indication, or what?
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melted. 1 think, 1 do not know how precise this, or

how this, or how it is expressed precisely, but I
would translate it that if it appears to be melted,
that it had an appearance as if it had been melted.

But it didn't confirm that it was really melted.

JUDGE BRENNER: In other words, a preexisgting

cosmetic blemish, if you will, resulting from the
electroplating process probe being withdrawn
appeared to be melted to somebody who was expert

enough to be performing these inspections.

MR. YOUNGLING: The primary role of the
inspectors is to go out and look at the machinery
and to note their observation., 1It's entirely
possible that he may have chosen those words to
characterize the observation. The most important ==

MR. DYNNER That wasn't precisely my
point, I'm really asking Dr. Swanger, whether the
kind of preexisting cosmetic effect from the
electroplating process would, in his opinion, appear
to be a melting to somebody who was looking at it?

DR. SWANGER: 1 think that somebody
without broad expertise and experience 1in
electroplating might interpret such a cosmetic area
as a miror etching or something like this, could to

them appear to be melted.
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L 1 JUDGE BRENNER: Does that complete your
2 guestions?
- 3 MR. LCYNNER: Yes, sir.
‘ “ JUDGE BRENNER: The Board has no further
5 gquestions. Are there any involved on the Staff,
6 just to the last questions asked, series of
7 questions? ,
8 MR. GODDARD: Wo questions from the Staff}
9 JUDGE BRENNER: Any redirect?
10 MR. ELLIS: No redirect.
11 1f 1 get the cast of witnesses correct in
13 my mind, I might not have, I think only Dr. Harris
b 13 gets to leave permanently and each of the rest of
14 you will be here again. Am I right? So a good bon
15 voyage to Dr. Harris, and thank you for your time.
16 And to the others 1'll say goodbye until we meet
17 again, which will be for some of us at 10:30 Monday
18 morning in this courtroom,
19 (Hearing recessed.)
20
21
i 22
23
24
25
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