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ccga i UNITED ST ATES OF AMERICA

2 NUCLEAR REGULATORY COMMI SSION

3 BEFORE THE. ATOMIC SAFETY & LICENSING BOARD

-------------~~--------x4 -

5 In the matter ofs :

6

7 SHOREHAM NUCLEAR POWER STATION : Docket No.50-122-OL

8 :

9 (Long Island Lighting Company) :

10 :

__ _ ___ _ ______ _ __________ __x

.12 State 0ffice Building

.13 Veterans Memorial Highway
.

.

14 Haupcauge. New York3

15 Thursday September 13 1984

.16 Hearing in the above-entitled matter was

17 convened at 9:00 a..m. pursuant to notice.

18 SEFORE:

.l.9 JUDGE LAdRENCE BRENNER,

20 Chairman. Atomic Safety & Licensing Board

21 JUDGE PETER A. MORRIS.

22 Member. Atomic Safety & Licensing Board

'

23 JUDGE GEORGE A. FERGUSON.
.

24 Member. Atomic Safety & Licensing Boardf-
l")3

25

.
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- _ _ - - - - .
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wago I APPEARANCES:

2 On behalf of the Applicants

3 TIMOTHY S. ELLIS. Ill . ESO.

() 4 DARLA B. TARLETZ, ESO.

5 MILTON FARLEY ESO.

6 Hunton & Williams

7 700 East Main Street

8 Richmond. Virginia 23219

.9 On behalf of the Nuclear Regulatory Commi ss ion

10 Staff

11 RICHARD J. GODDARD, ESO.,

12 Office of the Executive Legal Director
.

.

.13 On behalf. of the Intervenor. New York State s
.

14

O
15

.16
,

17.

18

.19
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21

22

23

24,
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dage ! ADRIAN F. JOHNSON. ESO.

2 On behalf of the lntervenor Suffolk County:

3 ALAN ROY DYNNER. ESO.

() 4 JOSEPH J. BR.IGATI. ESO.

5 DOUGLAS J. SCHEIDT, ESO.

6 Kirkpatrick, Lockhart Hill.

7 Christopher &.Phillips

8 1900 .M S tree t. N. W.

9 Washington, D.C. 20036
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wago 1 September 13, 1984. Whereupon,

2 DAVID 0. HARRIS,

3 DUANE P. JOHNSON,

( ROGER L. McCARTHY,4
'

5 FHANZ F. P1SCdlNGER,

6 CRAIG K. SEAMAN,

7 LEE.A. SWANGER,

8 and

9 EDWARD J. YOUNGLING

10 were called as witnesses on behalf of the Applicant

11 and, having been previously duly sworn, were

12 examined and . testified as follows:.

13 JUDGE BRENNER: Good morning. Yesterday,
,

- 14 .4r. Goddard, you had wanted to raise a matter with

.15 us, and .I asked you to hold it until today. Do you

16 still want to raise that matter?

17 MR. GODD ARD: Yes, I do, Judge drenner.

18 It concerns the availability of one of the staff

.19 witnesses who will be testifying on the shot peening

20 of the crank shafts, and the acceptability of the

21 cylinder blocks. That's Dr. Spencer and Bush.

22 Because of prior commitments Dr. Bush is
'

23 going to be available for only a limited period of

em 24 time prior to the 8th of October. The days that he
N ),

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

.

e

--m.- , , , - . ,-- - , - - . - --m .-,.--.._,-.,.,y- - - - . _ .-------.-.res ,ry m_ - - - ---r_--.
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w:ga i from today, next Thursday.

2 JUDGE BRENNER: You're going to tell me

3 he is availab.le one day here and one day there?
r-
(_)x 4 .MR. GODDARD: No, he will be available

5 .the 20th through the 25th only because of prior

6 co mmi tments . However he may well be available af ter

7 the 24th of October, if it looks as though we are
,

8 going to be in hearing at that time.

9 .Accordingly, the NRC staff would request

10 that the NRC witnesses be imoaneled during that

.11 oeriod for purposes of cross examining Mr. Bush
,

.12. alone on the issues of shot peening, and adequacy of

13 the cylinder blocks.

14 JUDGE BRENNER: Have you discussed this
7.Q

15 with the other parties?

16 MR. GODDARD: I have not had a chance to

17 do so at this time, I will do that.

18 JUDGE BRENNER: Go ahead and do that. I

.19 don't want to take it uo now.

'20 MR. GODDARD: I just wanted to notify the

21 Soard of your problem.

22 MR. ELLIS: Judge Brenner, he has

23 discussed it with 'is and we are haocy to accommodate

24 it.fg
'''

25 JUDGE BRENNER: Wait a minute. Mr. E111st

,

, - , . . . , .- - _ _ _ - - _ . - _ . - , , _ _ _ . , , e . - - . .,--,e.. . , . -,--__--,---..-..,e , -



0020 01 224/9

.wcga 1 give a chance to the Staff, please.

2 MR. ELLIS: Sure.

3 JUDGE BRENNER: Welcome back.

( 4 MR. ELLIS: Thank you.

5 JUDGE BRENNER: I see potential problems.

6 Mr. Goddard, with taking subjects totally out of

7 order, especially since.it involves two subjects.

8 not just one subject. I have already expressed

9 concern in that regard.

10 The Staf f's panel would be coming on last.

1.1 When will he be available beyond that time?

.12 We know that he is not available until after the

13 22nd-24th of October, in that time . frame. .We do not

rm 14 know his exact schedule after that oeriod of time.
L] .

.15 MR. GODDARD: The Staff would not make

16 this request if it did not feel there was any other

17 way to accommodate it. We do f eel of course. that

.18 this information is highly probative.

.19 JUDGE BRENNER: We ll, it blocks the total

20 subject on one part of the contention. I can s ee

21 the possibility of maybe taking something like the

22 shot peening out of order as an isolated subject.
*

23 But you're asking us to take two subjects out of

24 order. It gets very difficult to keep the subiectc

()3
f

25 matter in mind as it is.

.. _ . . _ - . _ . - ..-_. ___ _ _ - - - - _ _ . - - _ _ _ _ _ _ _ . _ _ _ . . . _ , _ _ .
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wega 1 It was not my oreference to proceed the

2 way we are going in any event, but at least we have

.3 the subject matter together from the witnesses for

() 4 one party in the sense that all parties can ask

5 their cross-examination, and can get direct and

6 follow-up on the sub ject.

7 This hearing has been scheduled for a

8 long time. One thing I believe the Board can take

9 credit for, and maybe in your view it's the only

10 thing, is that we scheduled this hearing with great

1.1 credictability.

.12 We scheduled it ba.ck in June. We know

13 there are a lot of people involved and a lot of

.14 schedules involved. The Board's schedule also has

.15 been involved. And we scheduled it back in June.

16 Everyone knew then when the hearing was going to

17 start.

.18 As it turned out we unfortunately had to

19 make a last-minute adjustment, and start later,

20 because of the Staff's scheduling.

21 This has been known for a long time, and

22 now you are telling me a witness who you're

23 depending on is not available for aoproximately a

24 month.

25 MR. GODDARD: That is correct, Judge'-

. . . _ . _ . _ _ _.-_ ._ _ _ _ _ . . _ _ _ _ _.. -_. __ _ , _ _ ,
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wago .1 Brenner. The Staff will not apologize for failing.

2 to schedule Mr. Bush earlier. He c<as added .to the

3 NRC Staff's panel because of relatively unexpected

kn) 4 new material introduced by Lilco with regard to the
e

5 metallurgy of the blocks. He is also the witness

6 who by virtue of his qualifications and expertise de

7 have used for the preparation of the shot peening

8 testimony.

9 At the time this hearing was scheduled

10 and for .some time thereaf ter we did not know that

1.1 Dr. Bush would be a member of the NRC Staff canel.

J2 JUDGE BRENNER: Well you want us to take

13 him next week. I'm sorry, the week after next.

.14 MR. GODDARD: Monday and' Tuesday of ther3
N1

.15 following week and possibly next Thursday on the

16 issue of shot peening, since we expect we will be on-

.Il 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

24 f avorite sub ject.7sd
'

'

25 At this coint I would just like to alert

I
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-wago .l . the Board to the serious possibility that this will

2- 5e discussed with the parties and I will get back to

3 you, Judge Brenner.

() 4 JUDGE BRENNER: He is available the week

5 of the 24ths is that what you're saying?

"

6 .MR. GODDARD: The 24th and 25th only.

7' He is leaving for Europe on the 25th.

8 JUDGE BRENNER: I don't think it's going

9 to be workable Mr. Goddard, my personal opinion.

:10 fou better find out how important his opinions are.

1.1 I think we can take care of shot peening along the

12 lines you suggest, but I have great doubts as to

13 anything beyond that.
.

,14 But if you can presant me with a concrete~

k_/
15 proposal agreed upon by the other parties, or at

16 least with the other parties' views, we will

.17 consider it.

.18 MR. GODDARD: Thank you Judge Brenner.

19 That's all I have at this time.

20 JUDGE BREN4ER: If there are no other

21 preliminary matters -- did you hava something Mr.

22 Ellis?

23 MR. ELLIS: I think there was a mattar

:24 or question pending Mr. Youngling is prepared to
f_

~

25 address that.

~ _ _ - - . , - - _ . _ . _ - - , ___ . _ _ _ _ _ . _ ,- _ - . _ _ _ _ . - . _
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ecga .1 JUDGE BRENNER: The pending question was

2' whether someone on the panel could 1.nform us as to

3 the planned inspections of the pistons for the
,

(,) 4 projected operational life of the diesels. if in

5 f act there's any operational lif e. Mr. Younaling.

6 MR. YOUNGLING: Judge Ferauson, 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.

1.1 we would then make a decision to inspect the Diston

12 rings and cylinder liner, based on those results.

13 The DROR program in Volume 9 Aop e nd i x 3 --

14 Appendix 2, I'm sorry, Maintenance Review, requires7-q

U 15 that a five-year inspection be performed on the

16 pistons, mainly dealing with dimensional areas.

.17 dimensional checks.

18 The company feels very confident in the
*

19 results of our analysis that the pistons have

20 indefinite life. However, to address your concerns

21 the company will, at the first ref ueling outage.

22 inspect the piston boss areas on all 24 oistons, hv

23 eddy current and DP examination.
,

24 JUJGE FERGUSON: Was tha t the end of your,-
(
'

25 answer?

__ __ _ _ ___
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wega' .1 MR. YOUNGLING: Yes, sir.

2 JUDGE FERGUSON: I want to thank you for

3 that, Mr. Youngling. I think that's very helpful.
r's

(_) 4 I don't want to get too deeply into this subject.

5 but .I hope you understand my concern, that although

6 many of us have great respect for many of the

7 mathematical techniques that are used to predict

8 events, it's always reassuring from an engineeriny

9 point of view to be sure that the measurements track

10 the data. At the appropriate time

11 Based on what I have just heard from Mr.

12 Youngling, Dr. Swanger, you remember the testimony

.13 you read yesterday, the last statement that I was

.14 concerned about, do you feel that you want to say

h7~
15 anything further that might clarify what you meant

.16 by "No further operational inspections are required"?

.17 DR. SWANGER: Yes. That statement

18 referred to the fact that there have already baen

19 two sets of inspections on the AE pistons in the

' 20 Shoreham engines.

21 All of the pistons were given a thorouyn

22 inspection prior to operation by e idy current , by

23 dye penetrant, to demonstrate that there were no

( )
'

stressed stud24 recortable indications in the highlys

''
25 boss area.

i

'
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wago .1 In addition, af ter 100 hours of operation.

2 at or above the .3500 kilowatt level. 10 of these

3 pistons, 10 out of 24, were disassembled for oost-

'() 4 operational insoect. ions, and as we have explained

5 earlier, we looked at all of the stud boss regions.

6 in all of these pistons, the total of 80 highly-

7 stressed areas, and 40 stud bosses, and found no

8 operationally-induced flaws there.

9 This, of course, fits right in line with

10 cur prediction that nothing would happen in these

11 pistons.

12 Thus we feel that we have demonstrated.
.

13 through the aoplication of very standard engineering

14 fatigue principles, that these pistons are operating
,,

'- 15 below their endurance limit and with no

.16 preexisting flaws, and with no potential for any

17 flaws which might be there to propagate anyhow, that

IS the discipline of fracture mechanics as aoplied to

.19 many engineering and transportation studies,

20 cons e rva tively , in this case, tells us that further

21 routine periodic inspections in the stud boss area

22 for cracking are not warranted.

23 JUDGE FERGUSotJr .Is what you -- you just

24 seemed to indicate that all of the measurements that,

25 V.r. Youngling said he is going to take are really''

. _ - . _ _ _ _ . _ _ - _ _,_.-_ _._.- - _ - _ _ _ _ _ _.
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wega l unnecessary? Is that what you're saying?

2 DR. SNANGEd: The routine maintenance

3 inspections that Mr. Youngling discussed are those
,~~

k) 4 recommended by TDI to assess a number of the%

5 performance attr.ibutes 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 tyoical

10 measurements that should be taken on a ceriodic

11 basis. to assess the total cerformance of the piston.
.

.12 including the AE piston skirt. in the engine.

.I 3 However. we feel confident that in the

14 area of cracking of the stud bosses in the AE piston.-g3
G

15 that the conservative aoplication of proven fracture

,16 mechanics technique.s does recommend that no further

17 inspections are required.

18- JUDGE FERGU3ON: I'm really trying to get

19 across a very simple-minded concept. Mr. Younaling

20 did you say that during these routine inspections

21 you would. in fact. do a thorough inspection of the

22 Diston, looking for cracks as well as signs of wear

23 that Dr. Swanger just mentioned? Let me be very

y 24 specific. Will you look for cracks during your.

L/
25 routine inspections?

_ ._ _ _ _ . - _ _ _ _ . _ _ .__ ._ ~. _. _ _ _ _ _ _ -_,_
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:waga_ 1 MR. YOUNGLIN3: During the inspection of

-2 any piece of apoaratus, the inspector is always

! 3 looking for unusual-signs. Cracking would certainly

() 4 - 5e one of the signs that he would be looking at, yes.

5 JUbGE FERGUSON: So you will be sensitive
,

c 6 to the f act that there May be cracks and you will oe

7 looking to see if there are, in f act, any cracks, is'

8 that correct?

9 MR. YOUNGLING: Judge Ferguson, we do not
.

4

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

11- look.ing at it as a part of our- normal routine

.12 practice.

.13 JUDGE FERGUSON: Fine. That's. I think.

14- a very good . idea. .

.O
.15 ~ But. Dr. Swanger, is your testimony that

,16 that is a weste of time or it's unnecessary? Dr.

I7 Swanger. I'm asking about his testimony.

18 DR. SdANGER: I feel that it is very

.19 - prudent and very very cautious and very very

20 conservative to do these insoections. Fro.n mv

21 standpoint, with a reasonable degrae of enqiqaeriny

- 22 certainty, I do feel that such insoections are

23 unnecessary.

24 JU3GE FERGUSON: All right. We ll the
/~T

# 25 coint I hope that we leave this with, and I don't

1

- - + - .. ..-,,,r ,. ,-. . . - - , , , ..m- ._, , . _e ,,.,..,y .,-._w ,,-- , . , , . . _ _ - . . . . , _ _ , . - _ - - . , , _ . _ , . , - , . - . --
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wage I want to spend any more time on it, is that we are

2 not lead to a feeling of great comfort in our

3 calculations such that we don't do things that

() 4 normal engineering practice suagests we do. It is

5 important to have confidence. I'm sure, in our

6 calculations, but those calculations should always

7 be verified by inspection. I did not want the

8 record to indicate that somehow Fa A A or Failure Analysis

9 Associates had led Lilco to a feeling that the

10 calculations say that there are no flaws there, there

11 are no cracks.

; 12 We didn't see any when we were inspecting

13 these pistons before, these skirts before, they went
.

*l4 into the engine, and therefore you're wasting your
_

\' 15 time to look for such cracks.

16 Just one final point, and I want to leave

17 this, and that is the testimony as I understand it

18 has indicated, based on the analysis that was

.19 performed, if a crack is less than a half inch. it

2' will not propagate. Is that the testimonyt

21 DR. SNANGER: That'= part of the

22 testimony. As we also indicated with respect to ano

23 of our exhibits, if you give me the time to locate

24 it.
'
'- 25 The analysis did say that cracks one-half

.

- - - . - - , , , , ,.,,--.,.,,,a c---- ..,---,-,,-g - - _ . , - , , - ,-,,.,.w,, m, ,, _ . ,-.
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wcgs' I inch deep will not propagate.

2 But as we also just stopoed our analysis

3 at that point, we f eel that we could have carried it

4 even further than half an inch. and cracks larger

5 than half an inch also will not oropagate.

6 But we felt that half an inch was such a

7 conservative number to choose, and I am ref erring to

8. exhibit P-25 in Lilco's exhibits 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 5e there. We also feel that there's no way to'

14 instantaneously generate any kind of flaw, crack or
jrm\_]

v

.15 defect half an inch deep."

16 JUDGE FERGUSON: That's been very helpful.

17 3r. Swanger. I have no further questions.

u. Younaling. I have a18 JUDGE BRENNER: r

19 followup. fou saia you were going to perform an

20 inspection on the oiston which you described at the

21 first refueling outage. I thouaht that the TDI

22 diesels were going to be removed f rom any service as

23 emergency standby diesels for Shoreham at the first

p 24 refueling outage.
\-)'

25 *(R YOUNGLIN7: Judge Brenner. nased on.

-
-

+

- + - - rm , r mm- - - r , v-as e en-,.. e-e------,-*w--ms ,-v--- r - ~- .- -- ----m,- ----+wr,-----------
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wegG 1 our total analysis of the diesel generators, inoking

2 at our overall effort, not only in these four

3 components., but the remainder of the engines. Lilca

. ,-m
4 is extremely confident that we will be able t'o()
5 qualify these engines.

6 Consequently, we are olanning as good ,

7 orudent 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 he used to

10 complement the TDI diesels. And the Shoreham plant

11 will be one of the most unusual plants in the United

.12 States in that we will have six qualifieo "esel

13 generators to suoport plant ooeration.

14 JUDGE BRENr4ER: Actually it will only he
.,,

/

k 15 unusual by that number, because there are other

16 plants with soaller diesels and a larger number.

17 I guess it would help me some time when

18 it's convenient, not tnis week, for Lilco to give me

19 a brief oral rendition of what findings Lilco is
.

20 asking us co make with respect to the time frame

21 question on the diesels, because there's testimony

22 that relates to that, particularly tha Staff's. a n.1

23' I thought it was an official proposal that Lilco was

24 only relying on these diesels until the first
,,

/ \

25 refueling cycle.'-

|
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waga .1 I 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 exolanation in the
,

k/ 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 hack to

9 the pressure measurements that you would make

10 ceriodically, what-was the frequency?

1.1 MR. YOUNGLING: The TD'I manual specifies

12 that we take those readings at each annual outage.

13 or each refueling outage.

f3 14 JUDGE MORRIS: Each refueling outage.

V
15 MR. YOUNGLING: Yes, and that will

16 normally occur each 18 months.

1.7 JUDGE MORRIS: And these would be made

18 with the Kiene instrument?

19 '4R. YOUNGLI NG: Yes. they would be nade

20 with the Kiene gege. As I testified earlier, the

21 Kiene gage is a sattsfactory gauge for discerning

22 trends. That's what we are looking for, is trends.

23 JUDGE MORRIS: And if you saw a change in

S 24 the peak firing cressure outside of the TDI limits.
b4

25 you would then retune the engine, is that the --

. . . . , . _ _ _ . . _ _ _ _ . - _ _ _ _ , _.. __ - _ _ _ _ . - _ _ _ _
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wegai .1 1R. YOUNGLING: We would take the

2 appropriate steps. It could be a tuning. or it

3 could also require that we go into the engine and

4 look at the rings or the valves, yes.

5 JUDGE VORRIS: Dr. Pischinger. I'd like

6 to understand a little more about f. h e behavior of

7 the peak firing cressure as a function of time.
t

8 With the accurate measurements you can

9 follow the pressure throughout the cycle, and you

10 get, I presume, something like a sinusoidal wave, is

1.1 that correct?

12 DR. PISCHINGER : The last word but one I

13 couldn't --

14 JUDGE MORRIS: If you plotted thef-m

b
15 pressure versus time, it would be something like a

16 sinusoidal wave?

.17 DR. PISCHINGER: In a very rougn sense.

18 of course if you analyze it, this is, as it is shown

19 in Exhibit No. 5, it is -- well deviates a li ttle

20 from --

21 JUDGE MORRIS: Let's call it oscillatory.

22 DR. PISCHINGER: I beg your pardon.

23 JUDGE MORRIS: Oscillatory. so de won't

24 try to define the shape.73
O

25 DR. PISCHINGER: Yes, it will be a

! _

- - . . , _ . . . - - _ _ _ . - - . . . . . . , _ _ . _ . - _ . _ _ _ _ . _ , . _ _ _ . . . . . _ . . . _ . . _ . - _ _ . _ _ _
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waga 1 oscillatory function of time.

2 JUDGE MORRIS: For a single cylinder,

3 looking at each peak over a period of say a minuta.

() 4 what variation in the peaks would you anticipate?

5 DR. PISCHINGER: As measurements indicate.

6 well in agreement with my experience. this will he --

7 I give you the percentage in just a monent.

9 JUDGE MORRIS: Fine.

9 OR. PISCllI NGER : The scatter of the peak

10 values will be in the range of about /5.

1.1 JUDGE MORRIS: That's a total ranae of /%?

12 DR. PISCHI NGER : This is a total range.

13 JUDGE MORRIS: Yes.

14 DR. PISCHINGER: The hand within the,,_
(_) 15 oressure of this the peak oressures, wil|1 vary.

16 JUDGE MORRIS: And-if you were to take an

.1 7 . average peak oressure for that one minute. and then'

18 come back, say a month .later, after continuous

19 operation. what kind of dif f erences would you expect

20 at that time in the average ceak pressure?

21 DR. PISCHINGER: This may deoend on how

22 much the engine was operated in this tima. If you

23 relate to running hours --

24 JUlGE VORRIS: Let's assume continuous,-,
('') 25 steady state or eration at 100% of let's ca ll it



-
-- - .

4

0020 01 , ?2474

wega i qualified power level.

2 DR. PISCHINGER: And you said one month?

3 JUDGE MORRIS: Yes.

[) 4 DR. PISCHINGER: According to my
v

5 experience, if_the engine stays untouched, that

6 means nobody interferes by let's say resetting of

7 the fuel pump, it will not vary -- it will -- within

8 1, 2 or 3% is maximum. the maximum this mean value

9 will change.

10 JUDGE MORRIS: If'over some long period

11 of time you noticed some difference in the engine

12 performance, what symptoms would indicate that the

13 firing pressure was changing?

14 DR. PISCHINGER: I --

?)'- 15 JUDGE MORRIS: For example, would it

16 cause an increase in fuel consumption to maintain

.17 the same output? I'm just making this up as an

18 example.

19 DR. PISCHINGER: I understand. Yes, you

20 mean what symptoms -- symptoms lef t aside -- say,

21 checking with pressure measurements.

22 JU DGE '40 RR IS : Correct.

-23 DR. PISCHINGER: Yes. For instance.

24 increase of fuel consumotion at the same output.

'- - 25 that will be, that could be an indication.

_ _ _ -- . _ . _ ~ _ _ _ . - . - _ - _ _ _ . . _ _ _ _ . .-
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wcga 1 JUDGE MORRIS: So would it be your

-2 opinion that if the peak firing pressure changed

3 substantially, let's say 10%, that that wo'11d be

p) 4 noticeable in the engine's operation?(
5 DR. PISCHINGER: By measuring the fuel

6 consumption, and. control, close control of the load.

7 this certainly would be measured.

8 JUDGE MORRIS: Yesterday Judge Ferguson

9 was examining the peak firing pressures of different

.10 engines before and after replacement of the

li crankshaft. Would the increase in the diameter of

12 the crank pin affect the firino cressure?

13 DR. PISCHINGER: rio . Definitely not to a

.14 noticeable degree, if all other engine setting
,_,

-(),

15 parameters stay exactly the same.'

.16 JUDGE MORRI'S: Thank you.

17 Dr. McCarthy. I can't see you over there,

18 5ecause of the strange topography we have in this

19 bench. You mentioned early in this.oroceeding the

20 quality assurance that Fa AA soplied to this oro lect s

21 in our 5usiness we are usually focusing on quality

22 assurance of hardware, that is to say structures,

23 systems and components.

24 So I'd lika to learn a little bit about
7_

\_] how OA is applied to the activities of this oroject.25

i
I

. - . , - . _ - . , . , , . , _ - ,- - , . . . . - - , . . , - . - - . , . , _ - . .-
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wcga .1 For example, is there a permanent quality assurance

2 organization within FaAA?

3 Are there crocedures that are applied

(m.j 4 more or.less in a standard fashion to the many -

5 different types of assignments that you have? And

6 I'll stop with those two questions. I have some

7 more, but so we don't lose track, can you respond.

8 DR. McCARTdY: Yes, Judge Morris. The

9 answer is yes, to all of your question.c.

0 First of all, Appendix 3 of Code 10 CFA1
1

11 Part 50 spells out quality assurance procedures for

12 work in -- relating to engineering of nuclear-related

.13 activities.

14- Our company has a designated quality
0

1

\~l 15 assurance Manage,r who reports directly to me, who is
16 Dr. Johnson. Dr. Swanger is an assistant quality

.17 assurance Manager in the company, also in that

18 capacity reporting directly to me.

19 Our quality assurance procedures, and I

20 have with me a copy of our quality assurance and

21 operating procedures manuals, are a standard book

22 that's maintained within the various sections of the
23 company, is continuously updated when required in

_ 24 accordance with our operating procedures. They do

'# 25 spell out both the true procedure and the correct
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wtga- I methods for assembling support packages to our

2 technical work product. which includes such standard

3 features as all calculations being independently

(_) 4. checked by another engineer different from the one

15 who performed the original inspection, the levels of

6 management sign-off, and things of that nature.

7 JUDGE MORRIS: It wasn't clear to me

8 whether those persons, for example Dr. Swanger who

9 performed OA functions, are completely independent

10 of those who do the initial work, or does th9t
.

11 change with ' time, or how does .that work?

. 12 DR. McCARTHY: I'm sorry. Perhaoi I

13 incorrectly characterized their role. Dr. Johnsone

14 or Dr. Swanger's responsibility to me in their,_,

#
15 quality assurance role is that the crocedure is'

16 followed. They, especially-with a firm of our size.
I

17 .could not hope to audit the technical product of tne
,

13 whole firm, nor is their exoertise aopropriate for

* -19 that audit in all areas.,

20 Their responsibility is to make sure that

21 when a report is generated. let's sav by someone in

22 our instrumentation group, that som,eone indeoendent

23 also with appropriate instrument expertise, audits

24 that report, and that the procedure is followed.
-!

25 Who performs the audit has to.be someone
.

- a w -% - - --- ---r----- , y. w.. - , - ., - - - - --r-,--.. .e.----.--------.w--<-- ---r-. =-~%~vs-v----e----*- ----e *-
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wega- 1 independent of the original oerformer of the work,

2 who also has the appropriate expertise.

3 JUDGE MORRIS: So that would change witn
,

' (/ )\
.,

4 the nature of the particular lobs that you were'

5 oerforming?

6 DR. McCARTHY: Yes. And the reviewer is --

7 particular reviewer in a carticular loh is selected

8 by a corporate officer, and indeed reviewers
y.

9 throughout the company can he -- the role of worker

10 and reviewer, individuals on the Staff will do both

!! roles on different jobs, and of course all our work
:

,12 has had, it's my understanding, an independent Lilco

13 audit in addition to our own OA procedures.

14 JUDGE MORRIS: As an example, could you-

O~~ 15 tell me how you would perform a 3A function on a

16 finite element analysis of, for example, a oiston

' - 17 skirt?

18 DR. McCARTHf Okay. In the particular
r

#
19 , finite element analysis that we discussed here today,

20 of course Dr. Harris was the Task Manager who

21. assembled with the help of Mr. Sire and Mr. Muir the

< . 22 analysis that's reported.
,

23 The reviewer on that orogram was Dr.

24 Graham Fowler, PhD in applied mechanics from Cal,_s
I \

U 25 Tech, with extensive finite element experience. His

.

9

. -

i+
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wego I review is reflected in the sign-offs on the suoport

2 package. He is not, however, here today.

3 0. Do you accomplish something like a

(G,,) 4 qualification of the computer programs?

5 DR. McC ARTHY: Yes. As cart of the

6 procedure, there is a qualification requirement for

7 computer programs, and also in assembling the

8 supoort package backing up a report. the version and

9 copy of the program actually used in analysis has to

10 he appended as part of the support package.

11 Programs, especially' commercially-used finite

.12 element prograns, will occasionally be uodated and

. 13 expanded by their supolier, but we also track which

14 particular version was used for which particular

b'~
| 15 analysis.

.16 JUDGE MORRIS: Dr. Pischinger, did you

17 want to say something?

18 DR. PISCHI.4GER: No, I just wanted to

19 follow.

20 JUDGE MORRIS: So. with respect to

21 qualification of computer programs. I believe you

- .22 hav.c responded, elong with the program goes tha'

23 boundary conditions or the assumptions which have to

24 5e stated to solve the oroblem. What quality

25 assurance is made on the correctness or adequacy of''

i
,

1
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wcga I .those boundary conditions?

2 DR. Mc6ARTHY: The reviewer not only, of

3 course, must have the appropriate expertise to
'

-

(_)g 4 evaluate assumptions made in boundary conditions,

5 but in addition to the printout, which will have the

6 inputs to the computer program, it is required that

7 the engineering assumptions involved he stated so

8 that the . reviewer can make an evaluation of both the

9 assumptions made for input, as well as the numerical

10 input itself.

11 JUDGE MORRIS: Thank you. That's a ll I

12 have at this time.

.13 JUDGE BRENNER: Gentlemen. I wanted to
T

14 try and clarify some basic terms that are used in_

'
''/>

15 your testimony and in the exhibits. Some of these '

.16 have been alluded to earlier, but I want to try to

17 get it clarified and also get it all in one place.

IS Can you explain to ne what is denominated

.19 by the use of the positive and negative signs in

20 relation to the values for stress and strain? If it

21 helps you to refer to some of your exhibits, such as

au ' 22 16 or 17, you can do that. You might want to

23 explain it in context of what you mean by minimum

24 stress or strain and maximum stress or. strain.

25 DR. HARRIS: In order to simplify the

;

,

!

1

*
.
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wrga 1 discussion of stress, let's concentrate on normal

2 stress and for the moment, hopefully for the whole

3 morning, not consider shear stresses.

( i 4 All of the tabulations in our reports

5 have to do with normal stresses, and a normal stress

6 is much like a cressure. It's just a force per unit

7 area. And has, therefore, the units such as pounds

8 per square inch.

9 A positive value of a normal stress for

10 mechanical engineers pertains to the situation where

11 you ares you're pulling on a body, when you put it

12 in tension you have positive normal stress. If you

13 put it in compression, that is if you're pushing on

14 it, then you would have negative normal s t r e'ss .
,_

/ T
' '

.15 As I mentioned briefly, the shear

.16 stresses are also another important component of the

17 problem. So that stress is actually, has six

18 components to it. It's a fairly comolex thing. B It

.19 hopefully the discussion I just gave on normal

20 stress will be sufficient for the current discussion.

21 JUDGE BRENNER: I can ask a follow-up and

22 mayha that will halp clarifv it. unless you want to

23 add something to that. Dr. Swanger.

24 DR. SWANGER: I believe voor question

')#

'

25 also asks for clarification of minimum stre sses and

.
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w go i maximum stresses.

2 JUDGE BRENNER: Yes, and my fo llow-up wa s

3 going to be either Dr. Swanger or Dr. Harris the

() 4 other day stated that all the minimum stresses were

5 negative, and .I was wondering whether you meant that

6 totally or just with respect to a particular exhibit

7 that you had in mind. And it was in the context of

8 Dr. Swanger warning us not to confuse that with the

9 algebraic use of positive and negative.

10 DR. SWANGER: Minimum stresses and

11 maximum stresses only have meaning due to their

.12 comoarative nature. In looking at a set of stresses,

13 that stress which would be the algebraically lowest

14 stress would be the minimum stress. That stress -

~Q-

k/ .15 which would be the algebraically largest stress

.16 would be the maximum stress.

17 In general, depending on the problem

.18 being solved, both minimum stresses and maximum

.19 stresses could be either negative or positive. B' r t

20 we believe that in the stud boss region of the AE

21 ciston, the minimum stresses are always negative.
'

22 JUDGE BRENtlER: And the maxim'im stresses

23 could be negative or positive, correct?

24 DR. HARRIS: Yes, Judge Brenner, that is

(')
\_/ 25 correct.

:

[

|
}

. _ . _ _ _ . _ . . _ . . . , . ._. - _ . . _ _ _ _ _ . _ . _ _ , _ _ . _ _ , . . _ _ . . _ _ _ - _ _ . - . _ _ _ , _-
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wega 1 JUDGE BRENNER: Let's take one example.

2 If you look at exhibit P-17, that's your table where

3 you present the cyclic stresses. Now am I correct
n
\_) 4 that in order to get the cyclic stress you have to

5 subtract the minimum stress from the maximum stress?

6 MR. ELLIS: Which number again, please,

7 Judge Brenner?

8 JUDGE BRENNER: P-17.

9 MR. ELLIS: Thank you.

10 JUDGE BRENNER: Let's take an example in

11 that exhibit. Could you, using let's say the Il-inch,

.12 I'm sorry, the 11 mil cap under the steady state

13 condition example, could you tell me what the cyclic

14 stress would be under the finite element analysis

(_.f 3)
.15 for that example?

.16 DR. HARRIS: Referring to the stress

17 levels under the column that has FE at the top,

.18 ref erring to finite elements, under steady state

.19 conditions w'ith an 11 mil gap, the maximum stress

20 would be .l.57 ksi. The minimum stress would be

21 minus 42.2 ksi.

22 Tnis means that tne maximum stress is

23 tensile, and the minimum stress is compressive.

f3 24 The cyclic stress would be the maximum

%-)
25 stress, minus the minimum stress, which is, using

-. . .. .. . ._ -- .. - . _ - . - . . - - - - - .
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wcgG I the numbers I provided you.

2 the cyclic stress is 43.97 ksi.

3 There's a closely-related stress

(3i

_j 4 parameter that is also of interest called Sigma Sub

5' A for the cyclic stress amplitude. That is equal to

6 one-half of the value that 1 just cited.

7 JUDGE BRENNER : Thank you.

8 You discussed in some of your exhibits a

9 comparison in what you have labeled steady state

10 conditions in contrast to isothermal conditions.

1.1 For example, the triangle presentation in exhibit

12 P-23 does that, and your testimony does that also.

13 Am I correct that when you say steady

14 . state conditions you mean the conditions in an

b'l'
.15 operating diesel, is that right?

16 DR. HARRIS: Yes, Judge Brenner.

17 JUDGE BRENNER: And when you say

.18 isothermal conditions you mean the conditions in

.19 your experiments, is that correct?

20 DR. HARRIS: I mean the conditions in my

21 experiments and also the conditions in an operating

22 engine when it's first started from a cold, from a

23 non-operating condition. As when you start an

24 engine that has been in the stand-by condition, it

n'~'
25 will be under isothermal conditions. vihen you first

+

-, - - - - _ . . _ _ _ _ _ _ _ .
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w;ga i start the engine it takes a while for the

2 temperatures in the piston crown, and elsewhere in

3 the engine, to reach the steady state condition, so

( )) 4 there's a transition oeriod in there, and the

5 isothermal condition and steady state conditions

6 provide the two extremes of the beginning and the

7 end of this transient or time-varying condition.

8 JUDGE BRENNER: All right. I will keep

9 the distinction you have in mind by those labels.

10' The reason I asked is that, now to make sure I have

1.1 got that correct, you also testified that in your

.12 opinion, under normal operating conditions that you

13 relate to under steady state conditions, the

14 temperature of_the piston skirts were. I believe,
,_,

(-) .15 expressed as relatively isothermal.

16 DR. HARRIS: Yes, I believe that's

17 correct. Or it's a characterization that I quoted.

.18 JUDGE BRENNER: We have discussed several
*

19 times again this morning your testimony with respect

20 to the fact that you can state that cracks up to a

2.1 half-inch, in your opinion, would not propagate.

22 And I understand Dr. Swnnger's explanation that that

23 was conveniently as far as you went.

24 Does the length of that crack matter at

25 all to your analysis or conclusions? You have''

- - - . . .__ . . - - _ - . _ - . . _ - - - . _ . _ - . . . . - - _ - . - _ _ _ - - - . - _ . - - -
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-wtga I always discussed it only in terms of the deoth of

2 the crack. In other words, if you had a longer

3 shallower crack, might we expect different

/'s
(,/ 4 ' propagation than a shorter crack?

5 DR. HARRIS: Everything else being equal

6 the crack growth rate would depend on the surface

7 ' length of the crack in addition to only its depth.

8 As .I recall, the fracture mechanics

9 analysis in the AE piston skirt took the

10 conservative approach of assuming that the surface

1.1 length of the crack was infinite, very very, very

.12 very long. relative to 'its depth..

13 JUDGE BRENNER: All right. You

14 anticipated my next question.

O
.15 Dr. McCarthy, you discussed the concept,

16 I guess I could call it the knee effect, if you

17 would, in relation to your answer'87 in your-

.18 testimony, and by responding to Mr. Dynner's

.19 questions it was your testimony that the situation

20 with the crankshafts supported your testimony, and I

2.1 didn't understand the 5ases for your point, and I'

22 want to come back to it now. For the sake of the

23 record that discussion with Mr. Dynner was

24 approximately transcript page 22,354, and thereafter,

~

25 although I don't know that we have to refer to it in

.. . . - . . - - - . . - . - - _ - . , , - . _ - . . -. . . . . . - - ,---.-.- . - . - - .-.-
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wng3 .1 terms of reading it now.

2 As I understand the testimony in your

3 direct testimony, it is that once you get over the

) 4 -particular beginning of the knee in the case of the

5 piston, you believe that to be 1.35 million cycles.

6 approximately, that you would expect that 93% of

7 anything that would fail up to 10 million cycles

8 would have failed by that 1.35 million cycle point.

9 Am I correct?

10 DR..McCARTHY: No. If I left that

1.1 impression, my explanation was not then clear.

12 The knee occurs on ferritic materials at

13 10 to the 7 cyc.les. Which means that anything that

.14 makes it to 10 to the 7th should run forever, for

'v
.15 ferritic materials. That's the infinite life point.

16 .If it's run at that rate for the remainder of its

.17 cycles.

.18 In other words, if it lasts 10 million

19 cycles it wi.11 exhibit infinite life.

20 Now, if you have a part that makes it to

21 1.3 million cycles, tha strass level of that part

j 22 can only be 7% above the endurance limit at a

23 maximum, or you should have onserved failuras. In

- 24 other words, 1.3 million, a part designed to last

25 only 1.3 million cycles can only have a stress 7%
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c:ga .I above the - endurance limit

2 Now the key factor in that, of course, is

3 we have a large number of parts whose statistical

/~)T\_ 4 variation of stress and strength would he, one would

5 expect the scatter to be substantially greater than

6 7%, and as we observed in the crankshafts, all three

7 of them developed cracks or failures, because they

8 were in this range of one million to 10 million, and

9 indeed one broke, and the other two had substantial

10 crack growth. Whereas when we looked at 13 pistons,

11 40 bosses and 80 fillets, we saw not a single

12 indication.

13 And therefore, since we went to 1.35

14 million cycles on the ten pistons, which means their<g
O

.15 stress level could at most have been 7% above the

16 endurance limit, and we got no indications, we have

.17 concluded, in fact, that the stress level is

.18 substantially below the endurance limit, because not

19 even the weakest material in the most highly

20 stressed stud hoss developed a single indication

2.1 after 100 hours.

22 JUDGE BRENNER: Sorry, you hava have lost

23 me again and I'm sure it's my fault. If you teste.1

24 them, the pistons, that is, to the 1.35 millionfs

d
25 cycles, correct?

. . - - . . - - - _ .. - .- --- . - - . - - . . . - . _ , . - - . . . _ ,
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.wng .1 DR. McCARTHY Yes.

2 JUDGE BRENNER: The crankshafts, prior to

_ 3 the time any defects was noted in them, were

\# 4 past 1.3 million cycles, I believe somebody

5 testified that the 102 crankshaft was about 3.4

6 million cycles.

7 DR. McCARTHY: 3.4 or 4 million, I don't

8 know whether that 3.4 reflects the preoperational

9 testing of TDI or not.

10 JUDGE BRENNER: Somewhere between the one

11 and .10 million.

12 DR. McCARTHY: Yes, right.

13 JUDGE BRENNER: And you're asking us to
.

(~) .14 say that that's of course the fact that if you look
%>

.15 at the pistons at 1.35 million cycles. we can assume

16 that they will not fail beyond that.
,

.17 DR. .VcCARTHY That is correct, because

.18 had you opened up, just like what haopened when we

19 opened up 3 blocks, we saw, in fact, one of the

20 parts had failed, and the other two had cracks. In

21 other words we looked at three and they all had
'

22 extremely large relative indications that they were

23 above their endurance limit, all three, the one that

(v~}
24 failed, of course, told us that. And the other two.

25 even though they hadn't failed yet, had clearly very

. . . . . - - _ _ .. - - - . . - . - - . - . . _ . . - - - - - - - - _ - .



0020 0.1 ?2510

w ga. .1 large indications, cracks that were visible to the

2 naked eye.

3 JUDGE BRENNER: You just said blockst

() 4 maybe it's true for the blocks too. But didn't you

5 mean the crankshafts?

6 DR. McCARTHY: The -- we had thr ee

7 crankshafts, one of which had failed, two of which

8 had .very large crack-like indications, that could be

9 seen with the naked eye. All three crankshafts were

10 operating above their -- of the old type -- were

1.1 . operating above their endurance linit, and in the

12 range f. rom one million to 10 million cycles

13 developed cracks.

.14 Now, let's take -- let's go look at our

O
'15 pistons, if they're operating in that same range,.

16 that is above their endurance limit, and we look at

.17 not three samples, indeed not 30 samples, but in

.18 f act 40 bosses and 80 fillets, we see not a single

19 indication. And the crankshafts have taught us that

20 all the parts operating in that range are, if

2.1 they're above their endurance limit are either going

'
22 to fail or develop cracks. In fact none of the

23 pistons developed relevant indications or cracks.

24 JUDGE BRENNER: Well, here's my oroblem.gs
D

25 I take it people assume that the crani: shafts were

;
t

t

L
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ergo .I not operating above their endurance lit:its until

2 they learned otherwise.

3 And would have argued that since the

( 4 crankshaf ts made it past one million cycles, which

5 is about the point of your testing of the pistons.

6 that therefore that proves the fact that they won't

7 fail after that. In fact. they did fail at around

8 three or four million cycles.

9 DR. McCARTHY: We would not have accepted

.30 the argument that the crankshaft. that the fact that
.

1.1 the crankshafts made it 1.3 nillion cycles. they

12 were not going to fail. ,

13 Now had someone opened uo the blocks at

.14 that point, pulled the crankshafts. Very accuratelyfs

b
15 inspected them with eddy current and dye penetrant

16 and found no indications in any of the fillets, we

.17 would have been much more moved by the experience of

.18 three crankshafts.

19 If you had done 80 crankshaf ts. ran the.n

20 to 1.3. 5 million cycles, pulled them f rom 83 blocks.

2.1 inspected them all with dye penetrant and found the

22 relevant indications, you would have made it, your

23 crankshafts would have survived.

24 In point of fact had we run 80gg
~

25 crankshafts to 1.35 million cycles you would have

1

. - ,-v m ,.. -, . ,,,. ___. _ _ _ , __, ._..,._.,.%,__,,,m . . , _ _ _ _ - - . , . _ . . , . _ , , . _ . _ , . _ ,~,_._.,m,. _ _ _ - , - , , . - _ 4
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w ga- .1 found many relevant large indications on that fleet

2 of 80 crankshafts.

3 JUDGE BRENNER: And citing the experience

(~%
(_) 4 with just the three crankshafts, in suoport of your

5 view, in answer 37 of your testimony, are you

6 implying that if the crankshafts had been inspected

7 at the one million or 1.35 million cycles, that the

8 indications would have been apparent? Is that a
'

9 necessary element in your reliance on the crankshaf t

.30 e.xperience for support?

1.1 DR. .McCARTHY: If you had 80 of then you

12 definitely would have .found some of them cr.acking.

13 I'm just -- the question on the three, I just have

.14 to consult with my panel here 6n the crack growth

O
.15 rate to answer that question.

16 JUDGE BRENf4ER: Maybe this will help, Dr.
.

.17 McCarthy. My question isn't whether you can tell me

.18 that those three cracks.and in one case failure of

19 the crankshaft in fact would have 5een available at

20 one million or 1.35 million cycles. I'm asking yoJ

2.1 whether it was a necessary element of your testimony

22 on which you relied on the crankshaft experience

23 that that be the case. I think you are telling me

24 no.
7s
\_ 25 DR. McCARTHY: Let me understand the'

- _ . . . _ - _ . -_ . - . . - -_-_-..-. _ - _ - _ . - . - . ..
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w;go .I question. I'm sorry.

2 JUDGE BRENNER: Let me back up.

3 Mr. Dynner asked you wasn't the

() 4 crankshaft experience inconsistent with your

5 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, suoported strongly your testimony.

9 I am trying to understand a little better

.10 why it supports your testimony strongly, since the

1.1 crankshaft failures, and problems, were not noted at
,

12 the one million cycle range, but rather were not

13 apparent until the tnree or four million cycle range.

14 And if I in my own simplistic way aoply that to

O
.15 piston experience,;I would say, well, I don't care
16 that you haven't seen any problems at one million

,

.17 cycles. If the crankshaft experience is relevant,

18' maybe there will be f ailures at 1 to 4 million

19 cycles.

20 DR. McCARTdY: The answer to your

21 question is yes. But there are a couple of things

22 that don't make the analogy between cranksnafts anf

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 nillion cycles is~'
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w ga 1 sufficient on, let's say pistons, which it is.

2 whereas on crankshafts you might have needed 2.5

3 million because of the different in the crack growth

f) 4 rate.
v

5 When Mr. Dynner mentioned the crankshaft

6 experience, I thought that was an excellent

7 illustrative example of how, if you park an

8 operating stress level above the knee of the curve

9 or the infinite lif e, even though you make i t into a

.10 million cycles, all of the parts that'you have4

11 parked in there, if they're operating in that, above

12 their endurance limit, will exhibit either

13 indications or failure before they get to 10 million

.14 cycles.

() .15 The piston crack growth rate is faster

16 than the crankshaf ts, and there --

.17 (Discussion off the record among the

.18 witnesses.)

19 DR. McCARTdY: As one of my engineers

20 observed, we predict no crack. If the oistons were

2.1 operating in a range, a stress level, where they
,

22 were -- let me start again. Cracks do not propagate

23 in the piston. So there i sn't a Diston crack growth

24 rate to discuss here. But in the crankshaf ts. ha f
Ok_/ 25 they been insoected at the same point in their

,

- e,.-. , . . . . . , , . , , , . - - -..n,- . - -,, ---. e. ,.,y.,. ,. --n. --- , . . - - , , . - , - _ , - . , - . , , - - , . - ,
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' wcg2 l' operational service as the pistons were, and this is
p

i 2 the key, not that they operated successfully, but
!

L 3 they were inspected before failure, with the

. f'T 4 techniques to find incipient cracks, you would have
\_/

5 expected'to find these cracks before the failure of

| 6 the crankshaft, before the f ailure of any one of

7 them. And in f act af ter one f ailed, two others were

8 found with cracks.

9 Given our analysis of the piston, we are

10 hi"hly confident that were the oistons operating

1.1 above their endurance limit at 1.35 million cycles.

,

we would hav.e found many relevant indications were12

13 cracks initiating and growing in the pistons. And I

.14 think.the analogy between the crankshafts and the

() .15 pistor ; relative to are they operating e5cve their

16 endurance limit is a good one. That was the reason

.17 ' for my answer to Mr. Dynner's question.

.18 JUDGE MORRIS: Just so the record is

19 clear, Dr. McCarthy, could you define for us right

20 here what endurance limit means?

21 DR. McCARTHY: Endurance limit is the

22 stress level in a part, cyclic stress level 5elow

23 which the part will endure. though cyclic stress

24 levels, forever, that is, exhibit infinita life.

) 25 DR. S1 ANGER: I can also refer vou to

.

e. w w. - - ....,,.~.,s,mm~w.--,.mmw e n m.n,~.,~n,,.ar-w w ,. . , . . -n-. .nr
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wngo .1 Lilco's exhibit P-28, which is a selection from the

2 iron castings handbook. On the second page of that

3- exhibit is a definition of the endurance limit. It

() 4 states, discussing fatigue performance it says. "As

5 the maximum stress is reduced, the number of cycles

6 necessary to produce a failure becomes much larger.

7 The highest stress at which the number of cycles for

8 f ailure soproaches infinity, generally in excess 7f

9 10 million cycles, is called the endurance limit."

10 JUDGE MORRIS: Thank you.

1.1 JUDGE BRENNER: All right, getting hack

12 to the theme of some basic terms.

13 -This morning you gave us the definition

.14 of stress. While we are at it could you give us the

D>'s .15 . definition of strain?-
,

16 DR. HARHIS: Strain, like stress, is a .

17 fairly complex concept of solid mechanics. There

.18 are shear strains and normal strains. And for our

19 purposes we can concentrate on normal strains.

20 Strains has to do with how much a body

21 deforms when subjected to a stress. If you out a

22 body in tension, that is you pull on it. it will Jet

23 longer, and that will be a tensile strain, which

24 is trken to be a positive strain.

n 25 And the strain itself is definei as the.--
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ccgo 1 change in length of the body divided by its initial

2 length. It's especially illustrative to think in

3 terms of what is called uniaxial tension, where you

("'t 4 have a slender har on which you can pull and push on
L.;

5 the bar. If you pull on the bar, the change in

6 length of the bar divided by its initial length is

7 the strain, the normal strain.

8 Since it's a change in length divided by

9 the . length, the units are dimensionless, but quite

10 often you see strains given in inches per inch or

1.1 millimeters per millimeter, which is really

12 dimensionless.

13 JUDGE BRENNER: Right. In fact one of

.14 your exhibits gives the unitst at least was it micro

( ) 15 inches per inch?

16 DR. HARRIS: Sometimes micro inches per

i 17 inch, so you get' numbers you feel more comfortable

18 with, because in fairly stiff bodies. like bodies

19 composed of iron and steel, as you know from everv-

20 day experience, you pull on a piece of steel it

21 doesn't get much longer. You need very seasitive

22 instrumentation in order to detect this.
.

23 If you push on the slender body, it will

24 get shorter, and this is, you're acolying a

(~)8( 25 compressive stress, and you get a compressive normal

_ _-__-__-__- _ _ _ _ .
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t;gd .I strain. Ar.a comoressive normel strains are

2 negative as the change in the Delta L hy

3 mathematical convention is negative.

p* 4 JUDGE BRENNER: Thank you.
'

5 JUDGE BREN45R: Thenk you, gentlemen, ve-

6 can go to Lilco for its redirect.j

; 7 REDIRECT EXAMINATION BY MR. ELLIS:

8 Q. Dr. '4cCarthy, in response to some of '4r.

9 Dynner's questions you were asked about --

10 JUDGE BRENNER: Mr. Ellis, I'm sorry, the

1.1 fan is going overhead. J/m having difficulty

12 hearing.

I 13 MR. ELLIS: Is this better?

.14 0. Dr. McCarthy, in response to Ur. Dydner's

() .15 questions about whether you have designed 9 diesel
1

16 engine, I'd like to ref er you, if I may, to your

17 resume, which is an attachment to the Lilco
,

.18 testimony. Do you have that in f ront of you?

19 DR. McCARTdY: Yes. Yes.

20 14R. ELLIS: For the benefit of the Boari,

21 this is the first page in the a ttachments.

22 0. Dr. McCarthy. again, would you tall tha;

23 Soard, please, the ways in which -- tell us whether

24 your background is reflected in your resn'is there as

() 25 relates to exoerience or familiarity with the desi.Jn

i
.

. . _ . _ . _ _ _ .. _ , _ . _. _ - _ . _ -,__ _ _ _ ._. -. _ _ - , _ _ _ . - _ _ _ _ - _ . _ --
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|- w2g a ' I or manufacture of diesel engines such as those at
I

2 Shoreham?

i 3 DR. McCARTHY: Well. yes. As I indicatad

: ( )'
o

4 in my previous examination. .I performed failure

5 analyses'in the past that dealt with large madium

6 speed diesel enginas in nuclear backup service. I

7 have also worked on large medium speeJ diesel

8 engines in non-nuclear backup service.

9 The major service which I, and

10 personally the firm as a whole. is called uoon to

1.1 deliver, is .f ailure ana lysis. to determine why a

12 particular part failed.

13 You cannot answer questions with regari

.14 to why f ailure occurred without analyzing the desi:Jn.

,_s

( >)
-

' .15 aspects, material aspects, the servica. the use, or
,

i 16 of misuse, and analyze the contributions of those

17 various f actors to determine why f ailure occurred.

t

.18 My background has haen involved in'

19 analyzing design contribution to engina failure for
i

20 large medium speed diesels, as well as many othar

21 major propulsion engine energy conversion or

22 generation systems, both for engines and turbines .

23 and large industrial equioment of nurerous ty.oes.

24 0. Is your academic training also involvei
(,''

25 with experience in mechanical desijn related to'-

.
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Ewego .1 diesel engines such as those at Shoreham?

2 DR. McCARTdY: Yes. First of all my

'3 Doctorate is in mechanical desion, and in studying

}( ) . 4- for that Doctorate at MIT some of my course work

5 involved design and control of large rotating

6 machinery explicitly as the course title, and the

7 whole term of study with regard to those courses.

8 This not only involvad study of the dasign

9 techniques for large rotating nachinery, but the

10 design analysis with the most current and oowerful

1.1 analytical techniques to be called upon by a

12 sophisticated manuf acturer or user of such equipment

13 for design analysis inout.

_
.14 You cannot bring merely the conventional

\> .15 and accepted and long ago learned techniques and

16 methods of analysis to the problem. An individual ;

17 called in as an outside consultant must bring what

18 is the state of the art in the design analysis area

19 to provide indeed an economically viable service.

20 .My testing and professional wor < has haen

2.1 dedicated to that, esoecially with regard to

I 22 mechanical design and machine en1 mecnanism oesign

i

23 during my entire career.

24 0. Dr. 'icCarthy as President of Fa AA do you
!
'' 25 consider that Fa AA with the expertise it assembled'

,

-w - - - , - , - _ _ . _ . . _ . , .._,,,m,,_.,.....m.m,,.- , . , - ..m.,m,_m.,_-_.-_,.._....-...-,,m...,._-,-...-,ym_%..~, - - - _ ,4
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wcg3 I with respect to Shoreham was expert in matters ,

2 involving the manufacture and design of diesel

3 engine components, such as oistons?

f-~s

() 4 DR. McCART4Y: Yes. As 1 think that's

5 5ecome apparent during the last few days of

6 testimonyt all the members of my Staff bring

7 substantial experience gained not only within

8 Failure Analysis, but outside of Failure Analysis in

9 the design and development of measures and

10 mechanisms and parts that are either directly

1.1 applicable or very closely alllied to the design

12 problems and analyses questions that are involved in

13 large medium speed diesel engines.

.14 The design analysis that occurred on the
O' 15 Shoreham diesels reflects the input and direct

16 participation of more than 40 very senior scientists

17 on the Staff, a fraction of which have been part of

.18 this panel, and more members of which will become

19 and will appear as members of follow-on panels.

20 These individuals' collective exoertise.

21 and the collective expertise of Failure Analysis.

22 has made us the largest and I believe certainly tne
i

23 most widely recognited engineering firn in the

24 nation devoted primarily to the analysis and
_

-l 25 orevention of engineering failures.\

.

_.-,.___,_-.,-_-._-_--,__-.y ,.,. _.__________.,,,,...,.m.,,_,-._,s. - - , , _ _ , . , _ . . - . ,,-- , _ .
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wrgo I- Q. Dr. Pischinger, you tastified as to yo'tr

2 experience in design. Have you had experience in

3 assembling design teams to consider either the

(''} : 4 design or the review of a design for diesel engines
v

5 or diesel.comconents?

6- DR. PISCHINGER: Certainly I have baen

7 involved through my prof essional life until now. a

8 lot of years, nearly 39 yeers, in dealing with teams

9 working in design.

10 But maybe I should define e little again

11 what this design of the diesel engine -- the diesel

'12 - engine process is already an old process, and the.

13 principle hasn't changed since its invention. 11h a t

14 changed, the designs. So in princiole all diesel

. r x)(_ 15 designs are redesigns. It's a steady state

16 redesigning involving the modern and the achievement.

17 new achievements of different .cizes.

.18 And so today's design has to involve the

19 sciences which are known today. And of coursa has to

20 rely on experience with failure evaluation of

21 crevious diesel engines, of running diesel an11nes.

22 and in tnis sense I may stress Lono this p"Avi lo ,o

23 ide a l -- ide a lly -- v e ry ve ry g ood sense combines

24 the input for such a design for redesion of diesal
?(,)) 25 engine comoonents, for instance such as a aiston.



.

9020 01 22523

w gn I because we have cresent a very powerful failure

2 analysis.

3 We have present material scientists and

4 all these people not the first tihe in touch with
(}

5 component design, or even diesel design.

6 de have maintenance experience. We have

7 e.xperience for very thorough evaluation of testing

8 and failures. And this is just what is needed to

9 make a design.

10 I want to express that in the p'1511c most

1.1 people think a design, a man who is designing, or

12 lady, is.just drawing lines out of his experience.

13 This is.not true, and this is esoecially not true

.14 today.

f')(/ 15 The design is bringing together all the

16 experience of the dif f ere nt, of the input from the

.17 dif ferent special knowledge. and to combine it for

.18 defining tha shace of a part.

19 And our experience in the work done in

20 combination with the Shoreha9 problem that those

21 people working in this group, each for himself, b it

22 to a larger extent all together, represent a very

23 very strong power in Jesigning engine comoonent.
,

24 especially a diesel engine conoonent.

P)'t _ 25 O. When you say --
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w;ga .I JUDGE BRENNER: Mr. Ellis, I'll give you the

2 same suggestion -I have given to Mr. Dynner along the

3 way. I think you'd better focus your cuestions, to

() 4 the extent you can, in order to get more focused,

5 shorter answers. -

6 VR. ELLIS: Thank you, judge.

7 Q. When you said "these people" in your

8 answers, were you referring to the panel?

9 DR. PISCHINGER: To the people on the

.10 panel, yes.
.

l.1 MR. ELLIS: Thank you.

12 O. Dr. Swanger, you indicated that you were

13 a director of product d'veloomant for a diesele

.14 component manufacturer. Would you tell us, clease.

O .15' what your responsibilities wera, how they rela te to

16 experience that 19 relevant to Shoreham.

17 DR. S.1 ANGER: Yes. As Director of

18 Product Development for the engine parts division 7f

19 Imperial Clevite I had recortirg to me managers of

20 mechanical engineering, metallurgical angineering

21 and product analys's.

22 Recorting to those manegers were

23 metallurgical engineers, mechanical engineers.

| 24 electrochemists and sonoorting technicians, for a
'

(~)~' 25 total Staff of aoproximately 30 oeople.

|

|

|
-.-- . .- . . . _ - - - _ . . _ . , - - . . _ - . , - . - _ - . - . - . - - - . . - . - ,
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w g1 1 I was personally involved in a numbar of

2 the technical aspects of the design anJ devalopment

3 work on pistons, cylinder liners and engine sleeva

4 bearings that went on in this group. as well as

5 heing responsible for the administrative aspacts.

6 0. I think you testified in recconse to '!r.

7 Dynner's questions about your experience in design

8 of pistons and other -- strike that. In ralation --

9 you testified in response to tir. Dynner about your

10 exoerience in design of diesel enaine components at

11 Cooper Bessemer. Would you tell us what othar

12 design experience you had.

13 DR. S4 ANGER: Yes. In addition to that

14 one specific example of a large cast iron oiston I

.15 discussed. I was involved in the design evolution of

16 other pistons for other diesel engines, with 'vhich I

17 worked closely with people. e.mploying finit e elemeqt

18 analysis, for stress anelysis, and also eraoloving

19 thermal * analysis ;or temperature profiles. and using.

20 these inputs to help select tha materials and t5a

21 orocesses necessary to genarate thosa materials.

22 in adittion. I worked extansivaly on L le

23 design of engine hearings. which have, as one of

24 their key faatures, the thin electroclated Bahni6t

25 layer. And in the work on electroplating of the

_ _ _ _ _ _ _ _ _ _ _ _
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k .1 bearings. I developed an expertise on the theory and-t go .
'

~y s

.['' 2 . application of the plating of thin layers of metalsn

E 3 on to components.

- 4 JUDGE BRENr4ER: Excuse me, did you sav

p
! 5 Babbi tt layer? .

6 DR. S4 ANGER: Yes. B-a-b-5-i-t-t. It's.

7 ja lead or tin-based alloy used for good luorication.;
s

8 and resistance to wear and scuffing.

9 0. Dr. Swanger. let me ref er you to yourr
4

; J
sl0 resume as well, which I believe is attached as'

.\,

r

lj * number 6 to the Lilco testimony. Do you have that
'?*

! 12 in front of you?

13 DR. SWANGER: Yes, I do.
,

j- .14 0. Was your work at Stanford in a'.taining

'

.155 the PhD and MS degrees also certinent to your

16 experience at Shoreham?

;17 DR. SdANGER: Certainly it is. This is /
d

.18 'in the area of materials science and engineering.
, ,

!

19 which is the apolication of materials, such as

''

20 nodular iron, for withstanding operation under
,

21 stetes of stress or temoeratures as defined by t5s
,

22 the condition under which thos*: parts noerete.
,
' x

23 0. Dr. Herris and Dr. Swen]er. I think in
l

his questions, u . Dynner asked a numbar of times24 r

25 about percent 9ge differences hetvaen experinental

I

i ?

I

AX _ _ _ _ - _ _ _ _ _ _ - - - _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ _ _
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w;go 1 and finite element analysis results. Di d these

2 percent differences affect your conclusions? The

{a~]
fact that there.are two percentage differences, I3

4 think it was 28i and 33%.

5 DR. SWANGER: No, the conclusions are nat

6 sensitive to that small difference of 33% or 28%.

7 The conclusion that the pistons at

8 Shoreham will not have any potential for crack

9 propagation stands w*ith either one of those.

.10 0. Did the experimental results change at

11 all in these two figures, 33% and 28%7

12 DR. SWANGEd The comparison was to one

. 13 set of experiments, values of ,which n=ver changed.
I'T
( / 14 The 33% or 29% refers to the de:Jree of

15 conservatism in the finite element analysis relative

16 to the experimental analysis.

.17- I believe that Dr. Harris can tell us

18 about the evolution of the finite elenent nodel soi

19 as it Secame more accurate how it closely anproached

20 the experimental results

2.1 DR. HARRIS: I would like to reiterate

22 3r. Swanger's statement that the experimental

23 results did not change. Plhat did change. and what

e x.,

L/ 24 was responsible for the changes in the cercentagest

25 of accuracy that were quoted, were the finite

.

nw- ", a .c- r.,,ar-r- a- ,, , ,--- rr-n- - , - - - - - -- , . - , , -m--.-. .c v - ,-, ,,.- n, - w--e, - r.
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wega i element results.

2 As we started out on our finite element

/^ 3 analysis in pistons, we were using more sinclified
V)

4 boundary conditions. Those more simplified houniary

5 conditions led to less accurate stress levels.
).
'/ 6 As we beceme aware of the influence of

7 the simplified boundery conditions we decided to
.

'l

8 continue refining the finite ele:nent enelysis. to

9 make the boundary conditions more representative of

10 reality.
,

-

As we refined the finite element analysis1.1

12 and as we refined the statement of the boundary

12 conditions, the stresses continuously decreased,,

-r~x

i _) 14 and became more and more closer to the experimental
s

.15 observations.

16 At one point -- at various coints we were

17 quoting different percantage accuracies.

.18 However, since the final GA report has

19 appeared, the quoted agreenent between the finite

20 element and the experiments har not changed.

2.1 Another recent develcoment was the rigi-f |

22 - versus the soft wrist pin. That's annt5er

23 percentage change in stresses that has crapoed up in
j3
J) 24 our discussions. I believe the important ooints are

25 that the experimental results have not chenged.

.

w w- vw er de me.ew-e a more. ,-m w --m-r e.+ ~-- v ~<**ms -zw- e~Ou. ma x - 26 " '~%r_e4 =~ a er 2 t-k ewn
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wngs i That's been our you might say bedrock result. Ani

2 in no case has our conclusion regarding tha

3 initiation and propagation of cracks or the lack of(~}v
4 oropagation of cracks in the oiston skirts changad.

5 The bottom line is indeoendent of those

6 intermediate results that were obtained in the

7 process of coming to our final set of results.

3 MR. ELLIS: And the final results, is

9 that the May report? Are you referring to the May

10 report?

11 DR. HARRIS: The May report as was

12 supplemented by the thermal distortion recort in

13 June.

O)(_ 14 0. Would you expect that thera would be

.15 refinements in finite element analysis between the

16 preliminary and the final report, so that the extant

.17 to which there is agraement with the experimental

18- .results would change from praliminary to final

19 report?

20 DR. HARRIS: Yes, I certainly would

21 exoect that. In fact that was the primary

22 motivation for continuing our finite element

23 analysis of pistons. The motivation was to improve .

m
't_,) 24 the statement of the boundary conditions, and imorove

25 the agreement with the experimantal observations.

-- . _ , _ _ . . _ . _ _ ._ - _ - _ _ . . _ - _ - . - , _ . _ _ _ _ - _ _ . _ _ _
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wtga i O. Dr. Swanger and Dr. McCarthy, I believe

2 yesterday there was some discussion with Judge

(v') 3 Ferguson, concerning measurement of peak firing

4 pressure. Do you have some data before you that you

5 were looking at during the period of t,ime that you

6 were answering those qitestions? Let me snow you a

7 . sheet and see if this is the data you were ref e rri ng

8 to. If it is, Judge Brenner, I'd like to hava it

9 marked and give copies to the Board and the parties.

10 DR. McCARTdY: On the back sheet of this

1.1 handout is the data .I showed to Judge Ferguson

12 yesterday, and the front sheet is a digitized -- is

13 the dJgital data tnat is the source of the cc:.1posite

14 pressure curve referenced earlier in the testimony,

15 I believe, by several of us. P-5.
'

16 0. Is this the data that was obtained in the

.i 7 testing of one of the engines with the Piezo electric

.18 transducer?

19 DR. SMANGEH: Yes, this is data that was

20 taken with the Piezo electric transducer in tha air

21 start valve of 133, taken at peak load, 15 7J

22 kilowatts.

23 0. Were these sheets prepared by Fa AA f rom
(3
() 24 data precared by FaAA?

25 A. These sheets were crepared by Fana, from data

.

|
!

- .- . . - . . _ . . . . _ - . - . - . - - . - . . . , . , - . .
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wago .I obtained oy both Stone and Webster an'd Fa u durin;

2 the DG 103 crankshaft torsional test.

r') 3 - MR. ELLIS: Judge Brenner, we'd like to
%.)

4 have this marked as a Lilco exhibit. ar.d I am coin;

5 to offer it into the record.

6 JUDGE BRENNE.4: Is there a title at the

7 top? I have something that's practically

8 obliterated at the top of the first page. I can't

9 read it. Maybe the witnesses can help us. Dr.

10 McCarthy, do you know what it's supoosed to say? .

1.1 DR. McCART4Y: Yes, what the title says.

12 is pressure in psi at one degrae increments

13 beginning at top -- at center.

() .14 For the purpose of the Board's reading of

.15 this numerical sheet, you will note that there are 9

16 columns and a total of 80 rows down the page. If

17 you can think of the first column on the left hand

18 side as column one over to column 9 and the rows

19 starting at the 'ipper lef t hand corner as row I

20 through row 80. 9 times 80 is 720. for two

21 revolution of the crank, which is what's reqviired to

22 get from one firing to one firing. If you take da ta

23 at one degree increments you get 720 data points; >
/m

(_) 24 times 80 is 720.

25 The way the table is read is starting at

. _ - _ _ _ _ ._ - , . _ _ _ _ . - _ . - _ - _ . - _ - - , _ - _ _
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w:ga I the upper _.left hand entry, which is row one, column

2 one, you read across the page to get consecutive

('~'' 3 data pc: qts, and then start down at row 2, column
-

\

4 one, and read across, and so on.

5 So it reads like a conventional printed

6 page, not down the column and then the top of the

7 next column.

8 JUDGE BRENNER: Give me a handy title for

9 exhibit purposes of these two pages Mr. Ellis.

10 MR. ELLIS: Yes sir. I think it can he

1.1 entitled average peak firing pressure measurements

12 on diesel generator 103.

13 JUDGE BRENNER: All right, why don't we

(m
(_) .14 mark it as Lilco Diesel exhibit P-35 for

.15 identification.so far. Is it okay to give it a

16 numerical designation, 35. -

17 MR. ELLIS: Yes, sir, that's ri:Jht.

.i d JUDGE BRENNER: The motion is also to

19 move it into evidence. Do you have any objection?

20 MR. DYNNER: No, but we would, perhaps.

21 like just to check on whether this is in fact the

22 average peak firing pressures es tha statement

23 implies.

g
x,s 24 VR. ELLIS: I think thet's a good

25 question. Perhaos I'll just ask the witness to give

-- .. . . . . _ . . . - - , . . _ - - - . . - - -. - - . ._
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waga .1 their label to that. Rather than for me to give my

2 label. I think Mr. Dynner is correct.

/''') 3 0. Dr. McCarthy, would you give us an
%i

4 appropriate label for this exhibit P-357,

5 DR. McCARTHY: P-35 is the curve

6 digitized sheet.

7 JUDGE BRENNER: Both of them?

8 MR. ELLIS: Both together.

9 (Curve digitized data sheet and

10 attachment marked Lilco Diesel Exhibit P-35.)

1.1 DR. McCARTHY: Right. The complete title

.12 of the digitized sheet, actually the top was cut of f

13- is Lilco 13 by 12 test data from air start valve and

() 14 in cylinder 7 at 100% load.

.15 These digitized values are average values

16 at this cylinder operating point for a large number

17 of cycles. And that's the sheet of digitized data.

.18 In other words, for the pressure o5 served at any

19 given crank angle, in a large number of cycles.

20 DR. MC CARTHY: At 1904 load, the

2.1 digitized data represents a conposite.

22 The other sheet, which is a graph, vers'is

23 time, is true peak firing pressure. In other words,

c')s .(_ 24 the link that looks like a squiggly line, sort of

25 like an EKG or changing voltage level, each little

_,_ _ _ . _ _ __ - - - _.- __ -
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wnga l kink in the curve is one peak firing pressure

2 measured on one cycle. You notice the time axis has

3 increments of 50. 100. 150, 200, and 250. Those are,-,

U 4 seconds. And of course the engine is operating at

5 450 rpm.

6 So there's a number of cycles betwaen

7 each of those major divisions.

8 The uoper voltage level, the 1.14 it

9 looks like on your copy it's 1683. That should be

10 1638. The Xerox --

1.1 JUDGE BRENNER: Why don't you read the rest

.12 of that term. I was going to ask you the other two

13 terms that are also difficult to read.
'

() .14 DR. McCARTHY: There's 1638 psi peak to

.15 peak. That's the upper left hand corner opposite

16 the 1.14.

17 The lower va lue --

18 JUDGE BRENNER: It's a difficult exhibit to

19 read. Mr. Ellis.

20 MR. ELLIS: Yes, sir. I wish I could

21 have made it better. 50t we were forced to work with

22 what we had.

23 JUDOE BRENNER: I think you could have

(]) 24 made it better.

25 DR. McCARTHY: The bottom pressure is

_ __. - -_ ___- , _ _ _ _ . . _ ,_...._._. _ _ _ , . _ , - _ _ _ _ _ _ _ _ , , _ _ ,_ _
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wega. I 1523. The one over at the right-hand side through

2 the mean line there is 1574.

3 Now all these pressures, the 1638, the

4 1523, and the 1574, one has to add the turbocharger

5 boost. which is approximately 30 psi.

6 Therefore, the 1.14 line is in fact 1663

7 psi.

8 0. Is the data in fact data at a hundred

9 percent?

10 DR. McCARTHY: Yes.

11 MR. ELLIS: Judge Brenner, we can and

12 will do better, and will give the record and get tne

13 carties better exhibits as soon as we get hold of

() 14 the original.

.15 JUDGE BRENNER: It's not going to be

-16 today. I take it.

I don't17 MR. ELLIS: No sir, it can't --

.18 think it can he today, because we are --

.19 'JUJGE BRENNdR: All right.

20 It's admitted into evidence as Lilco

21 exhibit P-35, consisting of two oages. We can

22 call it simply Lilco EDG 103 cylinder 7 pressure

23 data. Is that generic enough to cover both shaets!

( )- 24 MR. ELLIS: Yes, sir, it is.

25 MR. DYNNER: I can do this later but it
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wtga 1 might be appropriate to do it now.

2 Mr. Ellis might want to clarify whether

('Jl
3 or..not this digitalized data is in fact the da ta

%
4 that we spoke about during the cross-examination as :

5 relating to exhibit P-5.

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

7 which we gave you. I believe, yesterday or whatever

8 we gave you in response to t. / to accommodate your

9 request for data.

10 JUDGE BRENNER: All right.'

1.1 (Discussion off the record.)

12 Q. Dr. Swanger and Dr. McCarthy, at

13 cross-examination you were asked a number of

() 14 questions about the firing pressure of 1670 psig

.15 that was employed by Fa AA in connection with.some of

16 its analysis on the piston. What is the

17 significance of this data with respect to that

.18 . number?
.

.19 DR. SWANGER : The significance of this

20 . data is twofold.

21 One is that this data, along with its

22 graphic representation in Lilco's exhibit P-5, shows

23 that the peak firing pressure does indeed occur very

() 24' close to the top dead center position at 7 degrees

25 after top dead center

,

)
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wago 1 The other significance of this data is
,

2 taking the second sheet of Lilco's exhibit P-35.

/~N 3 shows that in excess of 800 individual cycles of theU
4 engine, taken with the accurate quartz Piezo

5 . electric transducer, that the highest peak firing

6 pressure obtained during these experiments at 1004

7 was 1668 psi, including the correction for the inlet

8 manifold pressure.

9 This is very close to the 1670 psi that

10 was used in the piston analysis center.

1.1 0. Dr. Swanger, there was also testimony

.12 during your cross-examination concerning the

13 examination of two pistons from the Kodiak engina.

) 14 Was the examination.of two oistons rather than the

.15 entire 16 pistons adequate in your opinion?

.16 .DR. SWANGER: Because the Kodiak engine

17 had experienced 6000 hours of operation at a peak

.18 firing pressure of at least on an average 12 70 os i

.19 and a brake mean eff ective pressure of about 185 psi.

20 that is about 80% of load. we f eel that this large

21 number of cycles, approaching 10 to the 8th cycles

22 on these pistons, made it perfectly appropriate only

23 to look at two of the oistons.

(~)\s 24 The inspections of both of these oistons

25 showed that there were absolutely no

.

. . . . - - . - - . - , . . .,-.- --,m,-_ . , _ , . . . - - . - - , - , . , . , , . _ . . - - - . . . . , - _ _ . . - . _ _ . . . _ . . , _ . . _ , _ _ , _ _ _ . , _ . . . , - . , - . _ , . _ _ _ _ _
-
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w:ga 1 operationally-induced indications in them.

2 0. Dr. Swanger, with respect to tin plating

~'
( 3 and the questions you were asked on that subject, is
' \.J

4 it your opinion, or do you have an opinion whether

5 polishing and tin plating of two pistons from the d5

6 discussed in P-29 was done before or after operation

7 of those pistons in that engine?

8 DR. SNANGER: Yes. I think there had

9 been some confusion about that point, and

10 consideration of the evidence will clear this up.

11 The examination of the pistons clearly

.12 showed that they had been operated in a engine after

13 the tin plating operation, and that no tin plating
A
k_) 14 had been done after the pistons came out of the

.15 engine.

.16 Also, as you recall, there was some

17 leakage current or is there any current, which

.18 deposited tin on the inside of the Diston, and in

19 fact deposited some tin over the areas of the stud

20 boss region, which were of interest.

21 Since that tin was still there, that

22 clearly demonstrates that if polishing operation

23 took place before the tin plating, hence that

(~)S\- 24 polishing operation took place prior to insertion of

25 these pistons into the R5 engine and prior to the

'

.
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wnga i 622 hours of operation at a peak firing cressure of

2 2000 psi.

I 3 0. Thank you.g-
V)

4 Dr. Swanger. one more question on the

5 previous subject.
.

6 You testified about 1670 peak firing

7 pressures. Just so that the record is clear, the

8 2200 psig that was used in some of FaAA/ S analysis,

9 is that an assumed . number, or was that a number that

'

10 had some basis in experimental data?

.11 DR. SWANGER: The highest value of

.12 experimental data that we have is 2000 psi. Both in

13 the R5 engine tests and in the strain gauge test.

() 14 The 2,200 was an extreme assumed pressure to

.15 demonstrate the conservatism of Fa AA's analysis.

.16 0. The 2000 psi from the R5 engine. is that

17 a firing pressure that you would expect in the

,18 Shoreham engines?
.

.19 DR. SWANGER: The Shoreham engines are

20 incapable of reaching a peak firing pressure as high

21 as 2000 psi.

22 MR. ELLIS: Yes, Dr. Pischinger, did you

23 want to add something? That should be a question.

'() 24 DR. PISCHINGER: Based on the

25 measurements on the engines in Shoreham, it is quite

, . . -- .. . - - . - . - - . - . -- . - .. - - - . - _ . - - - ,_ - - . -
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unga 1 imoossible with the load given, if the load range is

2 observed, that you arrive at 2000 psi.

3 0. And would it then follow, of course, a
)m-

4 fortiori, that 2200 would not be possible in the

5 Shoreham engines?

6 DR. SWANGER: That is co rrect. 2000 psi

7 is an upper bound and certainly no number above it.

B that upper bound could be achieved.

9 0. But the pistons themselves, are they

10 suitable for service at 2000 or 2200 psi?

1.1 DR. SNANGER: The pistons have

.12 demonstrated by testing in the R5 engine that they

13 are suitable for service at 2000 psi. This is

,7
j .14 further confirmed by our analysis which demonstrates

.15 that based on the fracture mechanics considerations

16 they are suitable for service at 2,200 psi.

17 JUDGE BRENNER: Mr. Ellis, I am going to

.18 take the morning break about this time. If you want

19 to ask a few more questions and break, we c.an. I

20 leave it up to you.

2.1 MR. ELLIS: If we could take the break I

22 may be able to come back and wrap it all up. Very

23 quickly.
_

,1 24 JUDGE BRENNER: All right. We will take

25 a break in a moment.
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wcgs 1 Let me mention something we can add to

2 the crankshaft testimony by Lilco, so that Lilco can

3 consider this. I believe I asked during the7-

4 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. lf that's still the answer I'd like to ask

8 Lilco..to . reconsider.

9 MR. ELLIS: I think the answer was yes.

10 But we did not mean to include shot oeening in that.

1.1 JUDGE BRENNER: All right. Even

.12 subtracting shot peening, that helps, because that

13 cuts the panel down from 12 to 6.
.

({})
'

.14 .MR. ELLIS: That's right, Judge.

.15 JUDGE BRENNER: You have your other

16 concern with Dr. Pischinger, and I don't understand

17 .why, if you continue to have that concern, you don't

.18 out 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

2.1 first. We have been hearing every other day about a

22 scheduling problem and that seems to me an easy

23 solution.

() 24 MR. ELLIS: Well, let's discuss that on

25 the break.

.
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wcga 1 JUDGE BRENNER: That's the only reason

2 I'm raising it.

3 MR. ELLIS: Yes, sir.

4 JUDGE BRENNER: So you can consider that.

5 If we did that, we could go through all the parties'

6 questions on each piece of testimony.

7 MR. ELLIS: Yes, sir.

8 JUDGE BRENNER: If you don't want to do

9 that, fine, but don't talk to me about scheduling

10 problems later on.

1.1 MR. ELLIS: I think we have got that

.12 message.

13 JUDGE BRENNER: Maybe there's some

() 14 relationship in the subject matter so that you don't

.15 want to make that division, although the exact

16 testimony was able to be prepared with that division
.

17 in mind which might undercut that.

.18 MR. ELLIS: I think, without discussing --

.l.9 I think there's such a connection and I think we do

20 want a panel of six.

21 JUDGE BRENNER: I'll let you do that. If

22 that's what you want to do.

23 MR. ELLIS: Thank you, judge.

() 24 JUDGE BRENNER: Let's break until 11

25 o' clock.

. _ - - - - - _ _ - . . _ _ _ _ _ ____ ___ , . _ _ _ _ _ _ _ . - _ _ _ . - -__ __ _ _ _ _ _ _ _ _ _ _ _ . _ _ _
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wngo- 1 (Brief recess.)

2 BY MR. ELLIS:

- 3 0. Dr. Swanger, you were asked a number of

4 questions yesterday concerning the thickness or

5 concerning the tin plating on the AE pistons. Do

6 you have an opinion regarding the thickness of the

7 tin plating on the AE pistons at Shoreham?

8 A. Yes, 1 do have such an opinion. My opinion is

9 based on inspection of the AE pistons at Shoreham

10 after running the engine, as well as inspection

1.1 of other pistons, which I will relate.

12 My opinion is that I saw no performance.

13 or operational problems with the tin, and therefore

() 14 conclude that the tin on the Shoreham p.istons is not

.l 5 applied in a layer that is too thick. But there was

16 no evidence of tin migration on the AE pistons after

17 100 hours of operation at or above full load.

.18 Also, I believe that the tin plating

.19 process as done by DeLaval is the same for all of

20 the.A series pistons, and therefore my opinion is

21 based on my inspection of more than just the AE

22 pistons. My opinion is that the uniformity of the

23 application of tin on a large population of AE

() 24 pistons and other pistons that I have inspected has

25 shown me no performance problems. That includes
.

e w --w - - - - - - - , , , - - , rr -r,,--,-.,,9 - - - - - -,ygg gm y-y., --m e -- perg-
.
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w;ga 1 inspection of 32 pistons at the Catawba Nuclear

2 Station after operation, seeing no tin migration, no

3 performance problems associated with tin, an_ by

k'm)
-

4 inspection of 32 pistons at the Grand Gulf Nuclear

5 Station.

6 And again these were AE pistons after

7 approximately 200 hours of operation, with no

8 operational or performance problems related to the

9 tin.

10 It's on this broad population of AE

.11 pistons that have run in engines and nuclear service

12 that I have personally inspected that I conclude

13 that there's not a problem with the tin plating on

(") 14 an AE skirts at Shoreham.
%)

15 Q. Dr. Swanger or others, in

16 cross-examination and in examination by the Board
^

17 you have used the term isothermal. What do you mean

18 by isothermal in the context of the analysis of the

.19 AE pistons at Shoreham?

20 DR. S4 ANGER: We have used the term

21 isothermal in two distinct instances.

22 The first of these instances is in the

23 finite element analysis. There we used the term

() 24 isothermal to apply to the entire piston essembly.

25 that is the piston and the crown, and the important

-- _ _ - _ . . _ _ _ _ _ . _ . - _ _ _ _ _ _ . - _ _ _ _ . . . _ . _ .
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wegs i portion of the analysis there is that the crown is
.

2 at the same rate of speed as the skirt, and

- 3 furthermore that the crown itself has no thermal

4 gradients in it and hence no thermal distortion. As

5 one use of the isothermal, which is a conservative

6 assumption, that maximizes cyclic stresses in the AE

7 skirts.

8 The other use of the term isothermal is

9 .when we restrict it just to the AE skirt in

10 operation in the engine.

11 In that context .we referred to isothermal

.12 as the f act that even in an operating engine at full

13 rated output, it is our opinion that the skirt

() 14 itself is essentially isothermal. That is, it is

,5 not subject to any thermal distortions..1

.16 JUDGE BRENNER: Do you have anything

17 further, Mr. Ellis?
'

18 .MR . E LL IS : Yes, I was waiting for --

.19 that completes Lilco's redirect examination.

20 JUDGE BRENNER: Mr. Dynner, do you have

21 any questions?

22 MR. DYNNER: Yes, Judge Brenner. I have

23 e few questions.

(') 24 SY MR. DYNNER:

25 O. Dr. Swanger, tin plating, that is the

- - . _ . _. . _ _ . . . _ _ _ _ _ _ . _ _ - _ . . _ . .- _ - - _ . .
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'waga 1 thickness of the tin plating on an AE piston, can be

2 accurately . measured by use of eddy current

3 measurements, can't it?(~)
\_/

4 .A. Yes it can. As was demonstrated on the

5 examination of the R5 piston, with a calibration of

6 tin on nodular iron, which .was done microscopically

7 and metallographically by Fa AA, an accurate

8 measurement of tin thickness can be done by eddy

9 current,

10 0. And did Fa AA or Lilco or the owner's

11 group measure the thickness of the tin plating by

12 eddy current measurements on the AE pistons that

J3 were installed at Shoreham?

p) 14 DR. SWANGER: Since our inspection(,

.15 showed that there were no operational or performance

.16 problems associated with the tin on the pistons, we

17 felt it was unnecessary, and therefore did no

18 measurements of the tin thickness.

.19 0. As J understand your testimony, in answer

20 to one of Mr. Goddard's questions, given the maximum
,

21 variations on the thickness of tin plating for the

22 AE skirt, one could have as little as one mil on one

,23 side of the piston theoretically and as many as 8

() 24 mil thickness on the other side, is that correct?
.

25 DR. SdANGER: I don't think that that

,

, , , _ - - . _ _ , , , _ , , . -_ . , . , , , ,. _ , . . . ~ . , .
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wego 1 accurately reflec ts my testimony.

2 Khat I was discussing was the maximum

f'T 3 theoretical amount of tin which could be applied
V

4 around a piston, just based on the examination of

5 the dimensional tolerences as shown on the print.

6 However, in actual prac tice, as I had

7 discussed at length, tin plating is very easy to put

8 on in a uniform, circumferential1y and

9 longitudinally uniform, layer on the piston.

10 The variation in the tolerance on both.

.11 before plating and after plating, is four hundred

.12 thousandths of an inch in both cases. And that .just

.13 demonstrates that tha tolerance on the diameter is
(3s/ 14 unchanged by the plating process. .The r e f o r e , this

.15 requires that a very uniform and precise layer of

.16 tin be applied.

17 O. Perhaps you misunderstood my question,

18 because my question was a theoretical one and not

.19 what the actual might he. Once you -- if you ever

20 measured by eddy current. My question is given the

21 tolerances, couldn't you have one mil on one side of

22 the piston skirt, and as many as 7 or 8 mils on the

23 other?

() '

24 VR. ELLIS: Judge Brenner I may need to
,

25 have the question read back, because I am not sure

!

i

I

,

. - - - -. - . , ,, . - . - , - - . - . - - - , - , . _ - . . _ , . , - - . - . . - _ _ _ - - - - - . - . - - - . . . - , - - - - -.
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wcga 1 there's any foundation for what the tolerances in

2 fact are.

3 JUDGE BRENNER: Well we had testimony the-

4 other day, Mr. Ellis that relates to this. The

5 question is whether or not you could theoretically

6 ha.ve as much as one mil of tin on the inside and 7

7 mils of tin on the outside of the piston skirt.

8 JUDGE MORRIS: No.

9 MR. DYNNER: No.1 think we are assuming
.

10 that as per the design that the tin plating is only .

11 on the outside of the skirt. The question is on one

.12 side of the skirt could you have one mil and on the

.13 other-side, opposite it, could you have as many as 7*

'

( }) 14 or 8 mils thickness.

15 MR. ELLIS: And my. concern was that he

.16 said within the tolerances, and I am not sure there

17 was a foundation laid as to the tolerances.

18 JUDGE BRENNER: That we have on record.

19 We can, I'm sure we will get it as part of the

20 answer now. If not, we will allow you to get it

21 right now.

22 MR. ELLIS: Thank you.
.

23 DR. SWANGER: The amount of tin build-

() 24 up that could in theory, . lust based on the

25 dimensional, the diametrical dimensions of the

.

, _ . . - _ . _ _ _ , _ - - . ,, . , , _ , . - _ , , , . . , , , , , , _ _ . , . . ., , , _ , _ . , , - _ _ -
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wrg: 1 pistons, be aoplied 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,

(
'

'' 4 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

11 diameters of the piston must all be concentric to

.12 each other within one thousandth of an inch.

.13 This additional tolerance on the orint

( }) 14 for concentricity of 5 key diameters prevents a

15 variation in thickness of tin around the piston of

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

17 inch.

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

19 measu.ed with respect to all of the AE oistons

20 installed at Shoreham?

21 MR. YOUNGLING: Mr. Dynner, those

22 measurements were made by our POC inspection of the

23 pistons at the TDI facility prior to shipment to

() 24 Shoreham.

25 JUDGE BRENNER: Is POC procurement

.

I -
-- - :: =
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|wngs ! quality control?

2 MR. YOUNGLING: Yes, an arm of Stone &

- 3 debster Corporation.

'"# 4 JUDGE BRENNER: As long as I interrupted,

5 Dr. Swanger, what did you mean by "on the print"?

6 Is that the design drawing for the plating orocess ?

7 You referred sometimes in your answer to the phrase

on the print."8 n

9 DR. SWANGER: Yes, I'm looking at a print

10 for the skirt, two-piece piston 03-341-0 4-AE.

11 .It has a complete dimensional specification of the

12 pi.ston, both before and after tin plating.

.13 0. Mr. Youngling, these measurements, are

("i 14 they documented somewhere?
%,/ ,

15 MR. YOUNGLIN3: These measurements are

16 part of the total documentation package associated

17 .with the release inspections on the oistons prior to

18 shipment.
.

19 0. Was that examination a visual insoection

20 or was it measured In some more accurate way?

21 MR. YOUNGLIN9: No. that was a

22 dimensional check.

23 c. Now Mr. Youngling, Judge Ferguson asked

({ } 24 you some questions about firing oressures. in one

25 of your responses you mentioned the oossibility that
.

" - ~ - v - -- - e , ,- =,, --.,w- - - - -- , - -, - - - ---,-e--r-~.---v -n- -----r -w - - w -
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wsga .1 some of the diff erences between the cylinder

2 pressures shown before the crankshaft replacement

3 and after the crankshaft replacenent in exhibit P-9
,.

- 4 might have been'affected by the. difference in the

5 season.

6 Could you exclain briefly how the

7 seasonal differences would have an impact on

8 pressure readings for the firing pressure of the

9 cylinders.

10 MR. YOUNGLING: Mr. Dynner, one of the

11 primary effects due to the seasonal differences is

12 the air temperature. And the effect of the air

.13 temoerature will and can result in a difference in

f] 14* the firing pressures measured, albeit not
v

15 necessarily a ma.}or contributor.

.16 0. Do the higher temperatures result --

.17 MR. YOUNGLIN3: Excuse me. Perhaps Dr.

IS Pischinger can add to that.
,

19 DR. PISCHINGER: Well, usually, to put it

20 in general terms, in such engines the temoerature

21 level varies to a small degree with the ambient

22 temperature, and of course each temoerature level

23 has an influence on the ignition lag. And the

24 ignition lag, which is the time between start of
[' }

25 in jection and start of combustion to initiate the

-

-. _ - _ _ _ .- . _ _ _ _ _ . . . _ _ _ _ . _ _ . _ - - - _ _ _ _ . _ _ _ ___ _.__._ _ _ _
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wega .I compression stroke, influences to a small degrae the

2 peak pressure.

3 Q. Does a higher ambient temperature usually
7_
V

- 4 result in a higher peak pressure or a lower peak

5 pressure?,

6 DR. PISCHINGER: According to this

7 explanation, too little -- a higher ambient

8 temperature shortens the ignition lag, and makes

9 combustion start little earlier, which leads to a

10 little higher pressure.

1.1 0. Could you quantify --

12 MR. ELLIS Excuse me, may . have the last'

.13 of that answer read back..please."

(]) .14- MR. ELLIS: Thank you.

15 O. Can you. Dr. Pischinger, quantify the

16 effect.s for us, in some way, that is to sav if you

.17 have a difference, a higher ambient temperature of

18 let us say 20 degrees, is thera some way of

19 quantifying how much, what effect that would have in

20 degrees, or in pounds per square inch on the peak

21 pressure?

22 DR. PISCHINGER : A modification is only

23 possible if a lot of boundary conditions are known,

~l 24 which I think we do not have at the moment, starting(Q
25 with the number of the fuel with the injection rate,

.
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waga .1 of the inlection pump, actual measured injection
.

2 rate, so I cannot answer this question,'but I

3 personally think that the influence is very small in -,

t j..'')
4 this case. In princiole, it's an influenca, but in

5 this case, it is a very small influende.

6 Mr. Youngling described that such

7 influencer have been observed, and there's a

8 hackground for it, but in this case it will not

9 account for- let's say variation in oeak ore ssure

to compared before replacement of the crankshaft and

1.1 nfle;f repla ement of the crankshaft.

'2 0. C'ne more question on this. I just wanted

.! 3 to try to .see if you could quantify, when you say it

14 will be a vary small influence, are you saying less(}
15 than 1%? Less than 2%? Given the difference

16 between the coldest winter day and the hottest

.17 ummer day?

.18 DR. PISCHINGER: Everybody who is

19 f amiliar with diesel combustion process will back me

20 up when I.say such a quantification is not oossible. -

21 0. Now, Mr. Youngling, in answer to another

22 of Judge Ferguson's series of questions concerning

23 inspections of the AE piston skirts, I think you

(]) 24 mentioned that there would ne, even prior to the

25 first refueling outage, some in.pections in order to
,

, . - . . - . . . . , . - . . - , - . , . - ~ , . . . - - --n-. - . , , , ,. , , - - . - , , . - ,-, .
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- wcga .1 determine whether there were cracks developing in

2 the AE skirtst would you tall us precisely what

3 meth ds of inspections you were ref erring to.
,,

-t

\~# 4 MR. YOUNGLIN3: Firs.t Mr. Dynner I did
5, .

5 not say that there would be incoections prior to the

6 first refueling outage to check for cracks.

7 0. Perhaps my use of the word inspection may

8 have led to some confusion.
f

9 It might have been more accurate, and.

10 please tell me if I'm correct. I had thought that

1.1 maybe the words that you used to Judge Ferguson, was

12 that.you be would be looking for cracks. He asked

13 you would you be looking for cracks up to this

'O
.14 period, and I think you answered in the affirmative.t'N

15 MR. YOUNGLING: I believe I testified

16 that during the inspections which were to be

17 accomplished in accordance with the TDI owners group

18 manual and in accordance with the DROR orogram at( ,

19 the intervals specified in those documents.
,

20 ' _ i1 hen we had to do other insoections as

21 part of those inspections, we would be perf orming

22 general overviews of the piston as aporopriate, and
'

23 we would be looking for various signs of abnormal

24 conditions, including cracking.
(~)3%

25' O. All right. Now would you tell me in

-

r - - - , , ,n , n - - - ~ - -----m v , , -n- v
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waga- 1 these overviews how precisely would you go about

2 looking for cracks on the AE pistons?

. 3 I'm asking you Mr. Young 11ng, because

^' 4 you're from Lilco,.I think Dr. Swanger might be able

5 to give his views afterwards.

6 MR. YOUNGLING: Mr. Dynner, I have

7 committed for the company that as part of the

8 inspection of the pistons at tne first refueling

9 outage we would inspect.the piston boss areas by

10 eddy current.

11 0. I am going to interrupt you because my

12 question was obviously before the first refueling

13 , outage.

(~s) .14 JUDGE BRENNER: I'm confused as to what<
u

15 you are asking for Mr. Dynner. lie have the
'

16 testimony already this morning, and we are goina to
'

.17 get it as to the inspections after the refueling

.18 outage and that was not my question. H9 c { s+ s-tified as to'

"
19 the Kiene gage measurements prior to that. "i *re

20 not asking about that either.

21 MR. DYNNER: No sir. I'm askin:J. and

22 I'll clarify the question, if there was co.1 fusion.

23 JUDGE BRENNER: You're concerned about

L (]' '24 the time.i

25.

.

t
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waga .1 MR. DYNNER: Yes, I understand.

2 JUDGE BRENNER: So the sooner you
_

3 communicate with each other. the better.
- ['')
\/ 4 .MR. DYNNER: I'll do my best. That's wny

5 I interrupted him. I didn't mean to be impolite.

6 but I didn't want you to go in on an area --

7. JUDGE BRENNER: Go ahead.

8 Q. Before the inspections, after the first

9 refueling outage, you're going to -- I think you

10 said that in the process of your normal maintenance

11 and overview, you're going to be looking f or cracks

12 on the.AE pistons, is that correct ?

13 MR. YOUNGLIN3: As part of the

,e N la inspections required by the TDI owner's Manual, and
- \,. .)

15 the DROR program at the intervals specified in those

16 doc'imants wc vill '.a r.u r f - u..y overview

.17 assessments,

.18 At thote intervals.

19 0. Now are any of those --

20 MR. YOUNGLING: Now --

21 MR. DfNNER: Go ahead.

I 22 MR. YOUNGLING: Now in the TDI manual.

23 the first time I.have to look at those oistons is at-

,rm 24 the first refueling outage coming u.o. In accordance
'wA

25 wi th the DROR program, the first time I have to look

i

, _ _ _ _ .. . , , . , . , - , .
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waga .I at those pistons is at the S-year inspection point.

2 Consequently, we will look at the first refueling

3 outage.

' 4 0. But, therefore, you will not he .looking

5 for cracks in the AE pistons prior to the first

6 refueling outage, isn't that true?-

7 MR. YOUNGLING: We have already looked at

8 the pistons as part of the DROR inspections done

9 after 100 hours of operations.

10 0. So your answer is between what you have

1.1 already done, and the first refueling outage, you

12 will not'be looking for cracks in the AE pistons,

13 isn't that true? May I have your answer without Dr.

.14 Swanger advising you?.{ }

.15 MR. YOUNGLING: We will not be looking

16 for cracks between those two inspections points, nor

.17 do we have to look for cracks during those

.18 inspection points.

19 4R. DYNNER: Fine.

20 0. Now when I said fine. I meant in the

21 context of getting my answer.

22 JUDGE BRENNER: Since he interjected, 1

23 think I'll tell you, you got that answer la

(~T 24- minutes ago.
w)

25 DR. PISCH INGER : Expressing confidence in

. - - ,. . - . - - - - . - - _ . - _._ - _, - - - . - - . ,
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wago 1 oiston.

2 JUDGE BRENNER: I have enough trouble

3 with tne lawyers in this case. Give me a break.

4 0. Now Dr. McCarthy, Judge Brenner asked you'

5 some questions about the discu=sion concer.iing the

6 crankshafts.
,

7 Dr. McCarthy, do you know precisely when

8 the cracks initiated in the crankshafts in the

9 Shoreham EDG's

10 DR. McCARTdY: Not to get hung uo on the

1.1 philosophical question of when precisely any crack

12 initiates. There were no inspections done of the

13 Shoreham crankshaft prior, for cracks, after they

{} were put in operation, but prior to the failure of14

15 the first crankshaft.

16 O. So you don't know when those cracks first

17 initiated, correct?

18 DR. McCARTHY: No. Some estimates of the
.

19 initiation period could be made. I have not made

20 them, but they could be made from a calculation of

21 the crack propagation rates, which can be predictei

22 reasonably well.

23 0. I'd like to turn for a moment to the ne4

24 exhibit P-35(~')-%
25 Now it's true, gentleman, isn't it, that

- -- - - - .__, _ _ _ _ _ . _ , _ _ _ _ _ _ _ _ _ , _ _ _ _ . _ _
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wago I the data shown on exhibit P-35 is data reflecting

2 the firing pressures of cylinder number 7 on EDG 1]3

3 isn't that co rrect.

b' .

DR. McCARTHY: That's correct. 103 at a
.

'" 4

5 hundred percent level.

5 O. Cylinder number 7, correct ?

7 DR. McCARTHY: Yes, sir.

8 0. Now if you will turn for a moment, clease,

9 to exhibit P-9, will you turn to page showing the

10 Kiene gage, what was testified to be the Kiene gage

11 engine cylinder pressure log for EDG 103 cost-crankshaf t

12 replacement. The 8th page into the exhibit.'

13 You will see there that the pressure
-.

(~T 14 taken for cylinder number 7 at. in this case, 3,595
V

15 kw, was 130 psi less than the pressure, for examole.4

16 taken in cylinder number 6, which was 1,689, and
.

..

17 nuniber 3, which was also 1,690.

.18 So there's a variation of 130 osi.

19 Now given this variation, it's true.

20 isn't it, that had you taken the reading for exhibit

21 P-35 on another cylinder in engine 103 you might

22 have gotten a peak firing pressure not of roughly

23 1680, but in fact a peak firing oressure Ino or more

/~'T 24 osi higher, depending on the cylinder that you chose.
\_/

25 DR. S4ANGE4: The data shown on the oaJe

!

g

1
|

|

I
|
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wegs 1 'in exhibit P-9 that you have reference to. was taken..

2 on April 10, 1994, aporoximately 4 months after the

3 time of the torsional test that we described.

'' 4 As you will recall, we discussed that at

5 the time of the torsional test, we had two

6 additional quartz Piezo electric transducers which

7- were fitted to the bleed ports or the test cocks on

8- the cylinder heads, and that these two quartz Piezo

4 9 electric transducers were moved to test all 8

10 cylinders.

1.1 We did this specifically for the puroose

'
12 to' demonstrate that at the time of torsional test

13 cylinder number 7 was representative of all the

/'') ~ 14 cylinders, and was not reading low relative to the
L

15 other cylinders.

16 C. And those are the measurements I have

17 been asking for. Do you know what those

18 measurements are now?

.19 JR. S1 ANGER: No, we do not have those

20 with us now.

2.1 C. 1 hen you say representative, do yo't have.

22 any idea whether -- can you represent now that the

23 variation between cylinder number 7 and any of the
.

{} 24 other cylinders on the engine et that particuler

12 5 time was within a certain range of psi?
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,waga. 1 JUDGE BRENNdR While they're conferring.

2 Mr. Dynner, we are going to adjourn promotly on time

3 due to flight' schedules. so how much more do you

O''v 4 have?
.

5 MR. DYNNER: That's it.

6 ' JUDGE BRENNER: Does the Staff have any

7 follow-up?.
'

8 MR. GODDARD: Yes, just briefly.

9 JUDGE BRENNdR: How much, how briefly?

10 MR. GODDARD: 5 to 10 minutes
.

11 -(Discussion off the record. )

12 JUDGE BRENNER: My apologies. I thought

13 it was 12:45. It's 11:45. Time flies wnen you're

r^g 14 having fun.
NJA

15 JUDGE BRENNER: All my statements about

16' the crankshaft witnesses and so on was 5esed on the

17 loss of an hour in my mind.

18 VR. ELLIS: .Te haven't sent anvoody home.
i .

.19 JUDGE BRENNER: You must have been

20 wondering what I was talking about, and were too

21 colite to tell me. Don't hesitate to tell met and I

22 can adjust to my own mistakes. Sorry.

23 JUD3E BRENNER: We are still waiting for

24 the answer. If you don't k.'ow. that's the answer.- (-)
\/

25 DR. S,1 ANGE4 : We can't give you any
,

.

,- ,---,.--,mm. ..---,--m. , . - - - ,. .f . -.w,-- ., -----.--rw-y,o y--e,-yr ,--r-% e-y --., , - - -e,- r ,-
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wrga i quantitative number now. We would have to check o'rr

2 records and get that information for you.

3 4R. DYNNER: de will just renew our

~). 4 request for all of that data, and I assume it will

5 be forthconing at some point.

6 0. Now, gentleman, it's true, isn't it. that

7- the information shown on P-9 in the engine cylinder

8 pressure log that I have ref erred to for EDG 103 was

9- 'taken by from the test cocks of the cylinders, isn't

10 that correct?
1

1.1 MR. YOUNGLING: Yes. it was taken at the

12 test cocks using a Kiene gage which had been,

13 calibrated.
>

14 0. And the test measurements at the testp_
V

.15 cocks tend to res' ult in lower pressura. cylinder

16 pressure readings than the measurements that were

17 taken with the Piezo electric transducer within the

18 cylinder itself, isn't that true?

19 MR. YOUNGLING: No, that's not trua. de.

20 I 5elieve we testified earlier that it was higher.

21 Ani I think Dr. Pischinger can oive you a furtner

22 explanation.

23 DR. PISCHI43ER: I think as is also --

24 already on the records one of the previous davs I
)

25 exclained that by the axistenca of a rather long
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waga' I connecting oipe between the combustion chamber and

2 the point where the Kiene gage is positioned, it is

3 possible that by the phenomenon of oressure increase.

() 4 by reflection, you can get a higher reading at the

5 Kiene gage.
-

6 ,In any case, the Kiene gage is an

7 apparatus which-gives you the maximum nf the maxi.r.um'

8 values of different cycles.

9 So there's suf ficient reason for

10 regarding the Kiene gage reading as being rather too -

1.1 high.

.12 0. And when you say rather too hign, or the

13 possibility is it would be somewhat higher. can you

14 quantify that? Are we talking about 16 difference-

\.j
15 or more than 1%, in your experience?

16 4. If you ask on my experience, it can be, it can

17 Se a lot. It depends on the geometry and the curve

18 of the combustion pressure versus time. But in
:

19 -this case I do not..and cannot, give you a
.

20 completely reliable figure.'

21 YR. DYNf1ER: Thank you.

22 JUDGE BRENN2R: Mr. Goddard.

23 CROSS-EXAMINATION BY 4R. GODDARD:

24 0. Thenk you Judge Brenner..g
( /

25 Dr. Pischinger, what, in yoter ooinion.''

._.- . _- ._ _ . _ _ _ _ _ _ _ . . . . - _ _ _ -. . . _ . _ . _ _ . . - _ . _ . . . _ . - _ . _ _
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waga' I would be the upper limit on an acceptable thickness

2- for tin plating on the AE piston skirt?

3 DR. PISCHINGER: Units. Just a moment.

4 Units. Well it comes out by 2 thousandths of an.

L 5 inch.

6 0. 2 mils you indicated?

7 OR. PISCHINGER: 2 mils, yes.
T

: - 8 0. Yesterday did.you hear, did Dr. Swanger

9 testify that if tin plating was aoplied to an AE

10 piston skirt, of minimum dimension or minimum

11 diameter, prior to plating, that as much as 3.5 mils
,

.12 on the radius could be applied and that the pistons

13 would still meet the outer diameter check ?

14 DR. PISCHINGER: I have in my remembranceg-
V

~

15 that this was a little hyoothetical, or theoretical

16 calculation, simoly based on the diameter comparison

17 ithin the tolerances.

18 If, today, i t was a -- if. or he said.

19 that if you take into account concentricity of the

20 diameter this variation in thickness will decrease

21 .and will not he 3 mils.

22 0. That is not the way I heard his testimony.

23 but I'll accept your answer for now.

.(3 24 Dr. Pischinger, it isn't just theoretical
V

25 if you state that you can take a minimum diameter

;

,, _ . - - - . _ _ _ . . . - - . _ . , . - - _ - _ -__...m , . . . , _ . , _ , . _ , - - - _ , - . . , - . _ , . . . _ , , , _ _ . -. . ,
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-wega I piston which meets tolerances prior to olating and

2 then measure it to the maximum tolerance after

-3 plating. It is quite conceivable that you could

n''- 4 have the 3.5 mil plating equally around that piston,

5 is it not?

6 .DR. PISCHINGER: Y e s --

'7 NR. ELLIS I oblect to the form of the

8 question, because he says is it conceivable.

9 Anything is conceivable, and I don' t think -- at ,

10 least ny Professor said even a square circle is

11 conceivable to him. de had oowers that I don't have.

12 But I don't agree that that form of questioning is

13 sporopriate.
.

14 JUD3E BREN4ER: Why don't you rephrase i t.Ov
15 Q. Dr. Pischinger, based upon the facts

16 which I just presented to you, the dimensions with

17 regard to the tolerances, could not, in fact, an Al

18 ciston be plated to a thickness 3.5 mils, and still

19 pass pre-plating and cost-plating inspection checks

20 for dinneter.

21 DR. PISCHI4GER: I would again check with

22 the drawing.

23 Well it is t ru e , if you only relate on

24 this measurement and assume these widely range
(~j}' x

25' tolerances to coincide, this could be cocsible.

;
,

w
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: wega' 'l 0. Without actually measuring the thicknens

2 of the plating itself then, it is possible you could

3' get a three point 5 mil thickne ss plating of an AE

O.. 4 ciston during this process, is that co rrect ?

-5 DR. PISCHINGER : I agrae with you, but I

6 may add that if you get into a situation where the

7 thickness is.too high, one would certainly see the

8 smearing effect in operation, and it was testified

9 yesterday, and I personally have, in addition I

10 personally have seen quite a lot of these AE pistons,

11 and I couldn't. watch any of this smearing.
,

12 So by that I fael quite confident that at

13 least the pistons which are in the engine wouldn't

O 14 be aff ected by such an event.
O

! 15 DR. SNANGER: Furthermore, in a sse= sing '

i 16 the likelihood or even the possibility that as much

17 as three and a half mils of tin could be put on, you

18 have to consider the plating process, as well. and

19 that the pistons would have to be in the olating

20 bath with the plating current apolied for at least

21 two and a third times as long as the specified
:

22 amount of time necessary to put the procer amount af

23 tin on.

(])- 24 It is unlikely, in ny exoerience, with
,

25 electroplating, where automatic timers and automatic

_. _ _ _ . . . _ _ _ . _ _ . _ . , . _ . _ _ _ _ . . _ . . . _ _ _ _ . _ , _ _ _ _ _ _ , . _ _ . . . .
_
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waga i controls of currents are commonly used, for such an

2 occurrence to exist.

3 0. Dr. Swanger, you don't knox whe re these

4 cistons were plated, do you?

5 DR. SNANGEd We know that the tin

6 platin,g is subcontracted out as we testified to
.7 yesterday, and we had a lengthy discussion as to tne

8 principles of electroplating and how wa can make 'Ise

9 of the knowledge of general principles to draw

10 reasonable conclusions about what haopens in a

11 commercial operation. -

-

12 JUDGE BRENNER I didn't near voor answer

13 to the question. Dr. Swanger.

(]) 14 DR. S1ANGEd: That's true. We don't kn3w

15 where they.were plated. We know that they were

16 plated by an outside vendor to TDI.

17 0. And your reasonable conclusions are all

13 based on the assumptions that they were using
,.

19 techniques and orocedures in line with what yo*: ars

20 familiar with in your experience, is that not also

21 true?

22 DR. SMANGEd: The primary basis for my

23 conclusion is inspection of pistons, which have

(]) 24 actually operated in engines, with no future

25 performanca, whether these pistons f eature -- witn

_ _ .._ _ .__
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;waga- 1 no indications there's excess tin on it. I think

2 that that is the bottom line conclusion, that the

3 pistons, the AE piston skirts at Shoreham ere

O-s 4 operating properly. given the amount of tin that

5 they do have, and that discussion of whether or not

6 it's measured is secondary to the observation that

7 they have been perf orming properly.

8 MR. YOUNGLING: 54r. Goddard, we'd like

9 to Just caucus for a moment.

10 DR. SNANGER: In addition, earlier this

j 11 morning I mentioned the large number of oistons that

12 I cersonally have inspected after coeration in

.13 nuclear plants. And that adds to the strength of my

14 conviction that there is na problem wi'th tin plating
f-)
\_/1

15 on AE pistons.

16 In addition to that, the TDI owner's
.

17 group through its component tracking system has

18 access to a much broader data base, and that date

19 base also shows that there are no problems

20 associated with tin plating of any style of oiston

21 in TDI engines.

22 0. Based upon operational histories to date,

23 is that correct?

24 JUDGE BRENNER: I gu e ss i t's no t ba s ed-

25 upon future operational histories. So I don't,

|

:

. . . . . - _ , . _ . _ . , _ , . _ . . . _ . _ _ , , . _ _ , _ , , _ . , ~ . - , . . , _ _ _ . , _ . _ , _ _ _ . _ _ . _ , _ - _ _ _ _ _ _ _ _ _ . . , _ _
-
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wcg3 i understand your question.

2 VR. GODDARD: Very well, Judge Brenner.

3 0. Your conclusions as bolstered by
n

- 4 experience, which you have observed may be sound.

5 but does this give you any basis for predicting

6 future results, given the possibility of smearing.

7 the possibility of plating of 3.5 mil thickness?

8 MR. ELLIS: Judge. I'd like to register a

9 general objection to this line of questioning. I

10 think it's immaterial. There's never heen any

11 problem with any TDI piston and tin olating. Here

12 we are talking about~ hypothetically. Anything is

13 possible in the world, but I haven't saen any basis

j 14 for pursuing it.

15 JUDGE BRENNER: |I have a contention in

16 front of me that says in part the analysis does not

17 adequately consider tin plated design of tne pistons

18 could lead to scoring, causes excessive gas load and

19 thereby causing failure of croper operation. Now it

20 may be, when we are through with our findings we'll find you

21 demonstrating that this tin olating problem, I' m s o rry. tnat

22 this alleged tin plating problem. A, doesn't exist. and 9 if
.

23 it existed would have nothing to do with scoring, not I'

'24 can't draw that conclusion right now. So voor ar,ument

}
25 hasn't-established, in my nind, at least,

,

, . . _ .__ _ . . . - . _ _ - , _ - - _ _ _ _ , _ _ ~m. .- , , . _ - _ . . . . . . - . , . - . . . . . , , _ - _ , . _ , _ . - , , . , . . .
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waga .I that the questions are irrelevant to that contention.

2 And there's some Staff testimony that

3 presumacly we will get back to, not back to, we will
(.'N
\- 4 get to, and you'll have the ooportunity to

5 cross-examine the Staff on the sublect, and then I

6 can put it all together and make a ruling. But I

7 can't do that right now. So the objection is
:

8 overruled.

9 MR. ELLIS: Yes. I know. I think my

10 objection really was to the hypothetical nature.
'

I 11 3ut as you pointed out, the entire contention may be

12 that. May I have the question read back f or the

13 panel, please. I think there's a pending question.

14 JUDGE BRENNER: Yes there is. Mr. *

(}
15 Goddard, can you repeat it.

;

16 MR. G3DD ARD: Not af ter this dialogue.

17 Judge. I prefer to have the question read back.

13 JUDGE BRENNER: All right.

19 (The question is read by the recorter.)

i 20 DR. PISCHINGER: I think that the

-21 experience. the operational experience with the AE -
'

22 oiston skirts, tin plated. i f -- a s -- i f t h ey a r e .

23 give enough evidence that this very piston skirt
t

24 will saf ely operate also in the future as before(v~)
25 they have been examined they have exoerienced full

,

!

!

_ . _ _ . , _ . . . . _ _ _ _ . . . _ _ . _ _ . _ _ _ _ _ . _ . . _ , , _ _ _ _ _ _ , _ _ . _ . _ - _ . . . _ _ _ _ _ . _ _ . _ . . . . _ . . _ , __
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waga I load, and even overload, and they have especially

2 during the break-in period, which used to be very

..
3 critical, in these cases.

- p/i-x- 4 MR. G9DDARD: Thank you Dr. Pischinger.

5 O. Just a clarifying question to you. When

6 you said these oistons, do you mean the oistons

7 already. installed in the EDG's at Shorehan?

8 DR. PISCHINGER: Yes.

9- VR. GODDARD: Thank you.
i

10 0. Mr. Youngling, what if any plans does

11 Lilco have to OA for the thickness of tin plating on

12 future AS pistons which may he used in the diesel

13 generators at Shoreham station?

14 MR'. YOUNGLING: Based on the experience

15 that we have had at Shoreham, and on the

16 recommendations presently in place from the TDI

.17 owner's group, we would have no olanned fdture

18 actions any different than what we have out in place

19 now for the purchase of any AE pistons in the future

20 relative to the assessment of the tin plating.

21 0. 'Ar. Young 11rg, you say other than what

22- you have in place now. Do I interpret that to mean

23 you have no plans presently in olace as well to

(g- 24 measure the actual thickness of the tin olating on

\-)
25 the AE pistons to be purchased in the friture?

>

e

I

k
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wcga 1 MR.-YOUNGLING: The present requirements

2 are that the documentation is reviewed to insure

; 3 that TDI has, in f act cerformed the tin plating, as

'[
s_/ 4 indicated on their routing sheets.

: 5 0.- When you say parformed the tin olating as

6- indicated on the routing sheets, do those routing

7 sheets give any indication of the thickness of tin,

8 plating applied or merely that tin plating was in

9 fact performed on the skirts prior to shioment?
.

10 MR. YOUNGLING: It indicates that the tin

11 plating was performed prior to shipment.

12 0. Perhaps I asked a comoound question.

.13 I'll just clarify it. Is there any indication on

14 those routing sheets as to the thickness of theq
fu)'

i 15 plating that was applied?

.16 MR. YOUNGLING: No, there's no indication
:
'

.17 as to the thickness. However, our experience has

18 shown, based on not only the experience at Shoreham.

19 but within the overall TDI engines. that there is
,

20 not a problem with the performanca of the tin

2.1 olating.

22 MR. GDDDAR7: Thank you. I have no
i

23 further questions.

.4 JUDGE MORRIS: Dr. Pischinger.2,f-
V)

-

25 DR. PISCHINGER : Yes.

i

8

.

i

. . _ . _ _ . _ . , . . _ _ _ . _ . . . _ - . _ _ , _ _ - . _ . _ , . _ _ . , , , , _ . _ . _ , , . _ _ . _ _ - . , _ _ , _ . - . - , _ , , - _ . . _ _ . _ _ . . _ _ _ . . . - . . . _ , - _ , . , , , - _ . - . _ , ,-
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wnga. 1 JUDGE MORRIS: Let me give you a

2 hypothetical situation and then ask a question.

3 The hypothetical situation would be that

-( 4 excessive tin was on at least part of the piston

5 skirt at the time of start-up of the en11ne, and the

6 oreak-in period

7 Can you ' describe to me whether the

S excessive tin would cause a problem during the early

9 period, would not cause a problem for some period of

10 time, or can you say anything about how the problem

11 might arise?

12 DR. PISCHINGER: If one assumes a higher

.13 thickness of the tin olating, excessive, as you sey.

-) and the piston diameter is still within the14

s-
'

15 tolerances, you usually get this already mentioned

.16 smearing appearance, which usually do not affect the

17 operation of the piston, but of of course you can

IS s ee this appearance, if you remove th'e piston

19 I personally do not know of any case

20 where such a smearing has resulted in a catastrochic

21 piston failure. but it is generally regarded

22 unfavorably, and it could give rise to quicker wear

23 of the moving parts.

24 Of course, as you stated. this is, in

~

25 that respect, also the hypothetical, as it depends
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wcgo l' on the amount of excess of tin. And there's

. 2 certainly anyway a limit which I myself cannot oive

..
3 at the moment, where this excessive tin plating

4 could lead-to troubles with the piston rings.

5 JUDGE MORRIS: Did you say with -the oiston rings ?
.

6 DR. PISCHINGER :- Could he, yes. could be

7 referred to the piston ring zone.

8 JUDGE MORRIS: Would it he possible to

9 produce the kind of scoring that the County alludes

10L 'to. which might lead to blow-hy?

11 DR. PISCHINGER: I' personally think that
.

' ' 12 3 mils of tin plating which if -- which would be

113 hypothetically oossible. if only the diameter, the
t

i

'14 Ldiameters are measured, would not lead to such a

15 damage, or eff ect.
t
'

16 JUDGE MORRIS: Dr. Swanger. do you have

17 an opinion on that?

18 DR. S4 ANGER: I have an opinion on that.

19 as well as on the earlier hypothetical question that

20 you had asked. Judge 'Torris.

21 I think that there's a valid analogy

22 hetween the behavior of the tin layer on the piston.

23 and behavior of the thin Bahhitt laver on nearinos

24 that I had discussed earlier as part of mv
q

25 experience and expertise.

.

I
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- wfigo .1 It has been my exoerience that when

2 engines have been disassembled in the early part of

3 their life, and this is large medium speed diesel

D)(_ 4 engines, for inspection of the bearings with a

5 3abbi tt layer, that if the Babbitt were aoplied toa

6 thick that smearing of the Babbitt would occur very

7 early in the life of the engine. Perhaos on the

8 first few revolutions, when the accommodation of the

9 various moving parts, which is the purpose of

10 break-in, is o ccurring.

11 I think that an analogous situation would

12 occur with the oistons if hycothetically they had

.13 too much or excessive tin, that the tin mijration or

.14 the smearing would occur early in the operation, and,s()-
15 that this redistribution of the tin would actually~

16 accommodate the geometry of the Diston to the liner.

.17 and then minimize further smearing of the tin later

18 in its life.

19- As to the ~second question, about the

20 possibility of this amount of tin leading to

21 excessive blow-by, it is my opinion that tne blow-ov

22 is primarily controlled by the four comoression

23 rings in the crown of the piston, and that a long,

24 multi-step process would have to he hypothesi 7.ed in
g3
L)

25 which any problem with the tin could then lead to 9
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wega .I problem with the compression rings, eventua lly

2 getting to the point where you could hyoothesize

3 blow-by.

4 Given the unlikeliness of any step in1

5 this long. chain of steos. I think that 3 ails of tin

6 would not lead to excessive blow-hy in the engine.

7 JUDGE MORRIS: Dr. Pischinger. did you

8 have something else to add?

9 DR. PISCHINGER: I only want to stress.

10 or to add, I think I didn't do this, that according

1.1 to my experience, if there is tin migration or

12 smea ring, it is in the beginning of break-in, and

13 first load appearance, and then it decreases,,

14 according to wear.

15 JUDGE MORRIS: I won't say fine. as Mr.

16 Dynner was careful to say. Thank you very much. I

17 am not commenting on your answers.

18 JUDGE BRENNER: I thought you were coing

19 -to comment on his wanting to stress things.

20 Any redirect, Mr. Ellis, further redirect?

21 MR. ELLIS: Yes, I have a couple, Judge

| 22 Bronner.

23 REDIRECT EXAMINATION SY MR. ELLIS:
,

g- 24 0. Dr. Pischinger and Dr. Swanaer, in the'

L)J
25 testimony that you hava given about smearing, did!

L
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s wega 1 you observe any smearing on the AE pistons at

2 Shoreham after they had been in operation?

_.3 DR. StiANGER : I'll go first and say that.

() 4 no, I did not observe any smearing of tin on any AE

5 pistons at Shoreham or on any other of a large

6 number of AE or AF or other TDI cistons that I have

7 examined at other locations.

8 Q. Dr. Pischinger, did you observe any

9 smearing on the pistons at Shoreham?

10 DR. PISCHINGER: No, I didn't observe any

11 smearing on pistons at Shoreham. I think I stated

12' this already. And neither did those people which

13 reported to me upon being asked see any smearing
.

.14 effect on the pistons.
O
k> 15 19. ELLIS: Mr. Youngling --'

16- DR. PISCHINGER: Yes. Mr. Youngling

17 reminded me I should say those persons who worked

.18 for me did give me this information.

19 0. Mr. Youngling, Mr. Dynner asked you a

20 number of questions following up on the inspections

21 to be done on the pistons.

22 Let ne see i f I can out that into

23 perspective.'

_
24 You have already testified the oistons

K> 25 were examined by eddy current and if quid penetrant

.

*

. - , - - - r,~ -,-,r--,em --,p. --,--- w -mr-,n, ------,<w - , - . - . --,ee-m -ve, - e - ,-m,ge-~---u-><
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tego .I before they were installed and no cracks or

2 indications, relevant indications were found.

3 And then the engines were run for 100

4 hours 1.35 --

5 MR. DYNNER Is this a summary of prior

6 testimony?

7 MR. ELLIS: It's a questiont I am going

8 to put it into perspective. 1.5 million cycles and

9 inspected again by liquid penetrant.

10 MR. DYNNER: I object. This is a
,

1.1 characterization of prior testimony. either he said

12 it or didn't. And I don't think a summary is called

13 for at this point.
.

.14 JUDGE BRENNER: Objection sustained.fs
V

.15 Why don't you back up and ask a question. It's also

16 an overly leading problem here at this time in the
.

17 proceeding.

.18 MR. ELLIS: I am going to get to the

.19 question. I thought it would help to put it into

20 cerspective.

21 JUDGE BRENelER: Get to the question noe.

22 MR. ELLIS: I'll get to the question nov,

23 I do think perspective would help.
.

r3 24 JUDGE BRENNER: Mr. Ellis olease.

V
25 MR. ELLIS: I will get to the question.

. -.- . _ - _ _ _ - - - -- - - _ _ . - - . - - .- - . - - . , -_
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wago .1 My questioning has been the shortest. I have

2 questioned for 30 minutes instead of 5 days.

3 JUDGE BRENNER: I didn't question the

4 length. It was an objection to that particular

5 question, that's all.

'

~ 6 0. Mr. Youngling, you testified that Lilco

7 has committed today to again inspect the oistons at

8 the first refueling outage by liquid penetrant.

9 magnetic particle testing, eddy current testing.
l

10 How many hours of surveillance testing do you expect

11 the engines to undergo hetween now and then?>

12 MR. YOUNGLING: Between now and then, the

13 engines will undergo approximately 120 hours of -

t

14 surveillance testing.
'

.15 JUDGE BRENNER: Is that for each engine?
.

16 MR. YOUNGLING: Yes Judge.

,

.17 0. Am .I correct that a hypothesized

18 LOOP /LOCA event for 7 days would he aoproximately

19 +108 hours of engine running?

20 MR. YOUNGLING: Yes. it would.

2.1 0. How much total time would you expect,
.

22 oven assuming such an event that the engines would

23 have on them between'now and the first refueling

r- 24 outage at which time Lilco has committed to
. (N)'

25 reinspect the pistons?

._. - _ _ _ . - _ _ , - . _ _ _ _ _ _ - _ - _ _ . , ,. _._ _ _ _- _
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wtga .1 MR. YOUNGLING: At a maximum the engines

2 would have, assuming a 7 day LOOP /LOCA. 233 hours.

3 MR. ELLIS: Thank you. No further'

4 questions.

5 JUDGE BRENNER: I was going to say. I

6 think we have come to the end, but Mr. Dynner says

7 he- has just a li ttle question.

8 RECROSS-EX AMINATION BY MR. DYNNER :

9 0. Gentleman, there's only one area I want

10 to get into. You testified that with respect to the

i 11 fact that you thought there were no problems

.12 evidenced with the tin olating and the AE pistons.

13 Would you please turn to Lilco's exhibit P-32, and

.14 about the.9th page in, you can start there. You see'

(-}%.<
15 it's a page at the bottom of this particular page

16 there's a number A-1.

17 MR. YOUNGLING: A-2, if that helps you to

18 find this particular page. And the following page

19 is A-1.

20 MR. YOUNGLING: Yes, sir.

21 MR. DYNNER: Now the total of th'is, what thi:,
,

22 document is, is somewhat obliterated. Perhaps you could

23 help me Mr. Youngling. At the top it says Stone endde5 ster

24 Engineering Corporation. To the left my copy is 0511tarated
(]\--+

25 slightly. Do you know what that

.

1

[

.. - , - - - - . , - . - - . - . -._. _ __ ,,- ---.- ~ ---,,_ _ - . , . , . . _ , _ _ . ~ . , - - - . .- 7 - , _ , - - - ,
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Ocgo 1 is referring to, something it looks like report.

2 MR. YOUNGLING: Yes. The words in the .I
~

3 upper lef t hand corner should be quality control ,1
,,

4 inspection report.-

5 O. All right. And the date of these two
,

6 documents for these insoection reports is in the

7 right hand corner February 11 1984, is that correct?

8 MR. YOUNGLING: Yes, it is.

9 0. And this refers to ED3 102, at the

10 Shoreham plant, doesn't it?N
.

'

11 MR. YOUNGLING: Yes, it does.

.12 JUDGE BRENNER: Why don't you get to your

13 substantive question.

14 MR. DYNNER: Yes.

.15 O. Now, my question is, does the information

16 shown in the drawings on here, where it indicates in

17 places scored, in other places it states tin f. laking.

18 and then on the next page there's a notation that

.19 the tin surf ace appears to be melted, and other

20 places uit indicates where.

2.' Are those indications in this insoection

sport indications that the tin plating is perfectly'

"'l?

VR. YOUNGLING: Mr. Dynner. these (

inspection reports were associated with the review ,,

_
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Ewrga 1 of the pistons in the DG 102 engine af ter the 100

'2) hours of operation at greater than or equal to 3500

7 .-
3 kw as part of the DROR program.*

t

'fI

'/ 4' The inspection findings were reviewed in*
'

5 accordance with the appropriate procedures, and the

6 wear reported in the inspection reports was deemed

7 acceptable by the vendor TDI, as documented by

8 their March I, 1984 . letter from Mr. D.I. Schmitz, to

9 Mr. John Kammeyer.

ilO In addition, as part of that inspection'

-

I
1.1 process, Dr. Pischinger had to travel from Germany

12 to look at the pistons and other components in the'
;

13 engine and he also looked at these pistons and he

14 should comment on his observation.

.15 DR. PISCHINGER: Yes, I cen remember

.16 these pistons I saw had no smearing effect which
s s

17 could be caused by too, too thick tin olating. Whet
>.

.18 could be seen, what was seen is some marks, that

.19 means linear indications, and some wear, and it was

20 also as well these pistons which had this already

21 mentioned carbon, carbon deoosits in the piston an.1

22 ring grooves.
'

23 So I can state this is really no

/~) 24 indication of too thick tin layer.
, (_/

25 And I think also they were marks which
;

-
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wtgo I had been,-they were notes which had been taken by
'

2 the inspector sh:w that this is true.

3 0. Did you record any of your results on
(
(_) 4 documents of your inspection of these particular

5 pistons, Dr. Pischinger? Do you understand the :

6 question? Did you write down the results of your

7- inspection when you looked at these pistons?

8 DR. PISCHINGER : I think it is written

9 down here, but I did not do this writing down.

10 0. Did you personally write anything down

11 about the inspections?

12 DR. PISCHINGER: No, no.

13 0. Could you tell me when you looked at the

14 piston that's shown on the page designated A-1.gg
J

15 MP. Yol)NGI TNG Yes sir; what did you --

.16 DR. PISCHINGER: What -- please.

17 0. A-1.

18 MR. YOUNGLING: Yes, sir.

.19 DR. PISCHINGER : Yes.

20 0. The bottom right hand corner, it's that

21 page I'm speaking about.

22 What did you conclude about the area that

23 is noted here as tin surf ace aopears to be melted.

*

24 das that perfectly normal?'s

x
25 DR. PISCHINGER: This is an ares outside

,

- - . , , - , -.--~.,..,_,m- ,v n.,--m-- ,-,..,w,. ,w---,c., y...r...gr --e,e,--,,_ n. ---,g. , ,- - , , - -- - , - , , ,,-,--,,,.-r-- - , . - , --
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w ga 1 of the running area of the piston above the wrist

2 pin, which has particular no loading contact, and I

3 am not concerned on marks in this region.
,

'd 4 0. Did anyone make any conclusions regarding

5 the area of the tin surface that's noted here as

6 appearing to be melted, as to the cause of that?

7 MR. YOUNGLING: Mr. Dynner, if you trace

8 the documentation through, we will see that a LDR

j 9 . number.

10 DR. SEAMAN: 75 was written to discuss

11 the problems for the. or the observations, not the

.12 problenis, and that was a disposition, and I quote.

.13 in accordance with the attached TDI memo --

r~'3 14 MR. DfNNER Mr. Youngling, is this one of

V
15 the documents in this exhibit?

16 MR. YOUNGLING: Yes it is. I am trying

17 to detcrmine the number, the page number. I'll

18 count the pages. Have you been able to locate the

.19 TDI memo?

20 JUDGE BRENNER: Yes.

21 MR. YOUNGLING: Let's go forward from

22 there, 7 pages. I'm so rry, I have a problem.

23 JUDGE BRENNER: This is a cifficult

24 exhibit to work with, as we oreviousiv discovered.
b'"T

25 MR. YOUNGLING: Let me take a few noments.

.. . _ - . . . . -- -, . . - _ - ..- - _ _ , _ . . _ _ - - . _ . . . - - ----., -_
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wega 1 JUDGE BRENNER: I didn't mean to
'

2 interrupt your answer, but I observed that I thought

3 you were reading from a document that if it was one

('/)\- 4 we already have in evidence --

5 MR. YOUNGLING: Yes, it is, but it's

6 improper.

7 JUDGE BRENNER: Well, can you answar the

8 question directly. I think as to whether the

9 observation was looked into and determined.

10 MR. YOUNGLING: Yes, it was, Judge

11 Brenner. As part of the orogram we consulted with

12 TDI personnel, and the observations were judged as

.13 normal. component wear,_and were judged to be.

I4 acceptable.
}

15 The pistons were cleaned and returned to
,

.16 service and have continued in service, and operated

.17 satisfactorily.

18 JUDGE BRENNER: I don't want to get in

.19 the way of your questions. '4r. Dynner.

20 Q. So it's your testimony that you relied on

21 DeLaval to make that judgment, is that true?

22 MR. YOUNGLIN3: No sir, DeLaval

23 provided us input. In addition we had the input

24 from the owner's group, as well as the inspections_ (' ';
25 by Dr. Pischinger, and by Dr. Swanger.

|
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w ga .1 0. Well, Dr. Pischinger just tastified that

2 he didn't make any conclusions concerning the melted

3 tin surface. So who was the one --

A
(_) 4 MR. ELLIS I object to that-

5 characterization.
i

6 JU7GE BRENNER: That's a

7 mischaracterization.

E- MR. DYNNER: I'm sorry.

9 JUDGE BRENNER: Why don't you ask Dr.

10 Pischinger whether he --

11 0. Dr. Pischinoer, did you make any

12 conc 1'usions concerning the cause of the tin surface

.13 that appeared to be r.ielted as shown on this page"

.14 - that's designated A-1.

O 15 MR. YOUNGLING: A-3, the right hand

.16 corner of the page.

.17 DR. PISCHINGER: Well, I want to state

18 again, this'is in a not-loaded part of the piston
*

19 surf ace, so with regard to smearing if any snearing

20 effect should have been noticed it should have been

21 that loaded parts of the piston.

22 0. Well, Dr. Pischinger, shen you inspected
,

23 this particular piston, did you see it done --

24 MR. ELLIS I'm sorry, I don't believe the
73 -

25 witness is done. I may be mistaken.

_ _ _ _ . . , _ . . _ . _ . . _ __ . _ . . - . . _ _ _ _ _ . _- _ -. ._ . . . _ . . . . . _ _ . - _ - , _ . _ , - _
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wsge 1 JUDGE BRENNER: In an effort to get some

2 more quickly focused answers, if it's okay with me,

3 I am going to let Mr. Dynner do it. He asked a
p

( 4 question, he waited a long time. We have gotten

5 that part of the answers presumably Mr. Dynner is
,

6 going to come back to focus on what he wanted to. I

7 am going to let him do it.

8 O. Dr. Pischinger, let me just make it very

9 easy. When you examined this particular piston

10 personally, did you personally observe this tin

11 surface area that appeared to be melted?
;

12 DR. PISCHINGER : Well..I concentrated on

13 and my main emphasis of my observation in the parts

14 of the pisten which are highest loaded, and I can at
g.s

Q) 15 the moment not recall this part to such an extent

16 that 1 can try to find a cause for this indication

.17 in this part.

18 0. All right --

19 DR. PISCHIN3ER: But the only conclusion

20 I know I have in mind that I found that at that time.

2.1 whenever seeing it, not as critical. Otherwise I

22 would -- otherwise I would have taken action, I

23 would have taken action.

24 Q. All right, now Mr. Youngling, do you know
73
O 25 whether anybody else came to any conclusions as to

_ _. .- - -. - . - - . . . - _ - , . . - . . _ . . .- . . - _ _ . . _ , - .
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wago .I the cause of this area of the tin plating that is

2 noted as appearing to be melted, if you know? I

3 don't understand why the question calls for a

() 4 conference. I just asked Mr. Youngling if he knows

5 something.

6 JUDGE BRENNER: I agree with Mr. Dynner.

7 Do you know, Mr. Youngling?

8 MR. YOUNGLING: No, but perhaps one of my

9 colleagues can respond for me.

10 JUDGE BRENNER: Do you want to ask

1.1 somebody else? Anybody?

12 MR. DYNNER: Anybody, does anybody know

.13 whether anybody came to any conclusions as to the

.14 cause of the tin plating that appeared to ne melte.1_s

15 as noted on this document?

16 JUDGE BRENNER: And if you don't know in

17 the next f ew minutes we will find out next Monday

18 whether you know it.

19 DR. S"lANGER: As far as we know, no

20 analysis was made for the cause of this cosmetic

i 2.1 effect on this piston. At the tine it was . judged to

22 be in a non-critical area of the piston, ther= fore a

23 detailed scientific analysis of a purely cosmetic

fm 24 def ect was unwarranted.

25 O. And it's your testimony that you could

.

I

'
. _ , .-,
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wago 1 tell.without doing any analysis that it was juct

2 cosmetic, is that correct?

3 DR. SWANGER: We could certainly tell.
.

(,,)
,

4 based on knowledge of the design and operating

5 principles of diesel engines and where that

6 indication was on the piston that it was in a

7 non-critical area , and just by visual observation.

8 and rubbing fingers over it to make sure that it was
.

9 less than a thousand'.h of an inch in dimensions,

10 it's purely cosmetic.'

1.1 0. Did you personally see this area that had

.12 been melted. You personally, not Mr. Youngling, did

13 you personally see it, run your fingers over it?
'

14 DR. SWANGER: I looked at an awful lot of(,
.15 parts of the Shoreham diesels during this time

16 period when I spent weeks and months at a time at

17 the Shoreham site assisting in all of these

18 operations. A lot of the things that were
~

19 significant did stick in my mind. This one is

20 insignificant, but in soite of that I do think that
4

21 I have a recollection of seeing this area on this

22 piston.

23 JUDGE BRENNER: I don't understand what

24 you meant by the term " cosmetic." Did you mean ts

(~3
7-

J
25 imply a preexisting indication, or what?

.. -_ _ . _ _ . _ -- . .- - __ . - . _ - _ , _ . - - . .
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waga 1 DR. SNANGER: That it's just a vis'lal

2 contrast indication, that I don't think that it hai

3 any functional significance.

I ,) 4 JUDGE BRENNER: Well if this was in such

5 a benign area from the coint of view of st re ss e s ,

6 why would it have occurred in that ares?

7 DR. SNANGER: I think you were probably

3 on the right track, when you said it wa s probably

9 preexisting.

10 JUDGE BRENNER: I didn't say that, but go

11 ahead.

12 DR. SMANGER: Well, I think that you were

13 thinking along the right lines, and that as part of

14 the electroplating process, it is possible that in

15 withdrawing parts from the solution tanks, the

16 solutions can run down the side of a piston and

17 leave marks such as this on a plated part. Th a t's

18 possible that that's what this was.

.19 JUDGE B.1ENNER: So what you are telling

20 me is that whoevar wrote the observation in that

21 report within exhibit P-32, on that page. A-l.

22 VR. YOUNGLING: A-3. In noting that tin

23 surface appears to be melted, was in errort

24 DR. PISCHINGEd: I think he stated 4.t,

.

''

25 appeared to be nelted, and he didn't say it w a .c
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wage i . melted. I think, I do not know how precise this, or

2 how this, or how it is exoressed precisely, but I

3 would translate it that if it appears to be melted.

) 4 that it had an appearance as if it had been melted.

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

6 JUDGE BRENNER: In other words, a preexisting

7 cosmetic blemish, if you will, resulting from the

8 electroplating process probe being withdrawn

9 appeared to be melted to some5ody who was expert

10 enough to be performing these inspections.

11 MR. YOUNGLING: The primary role of the

12 inspectors is to go out and look at the machinery

13 and to note their observation. It's entirely

14 possible that he may have chosen those words to,w

15 characterize the observation. The most important --''

,

.16 MR. DYNN'ER That wasn't precisely my .

17 point. I'm really asking Dr. Swanger, whether the

18 kind of preexisting cosmetic effect from the

19 electroplating process would, in his opinion, acoeir

20 to be a melting to somebody who was looking at it?

21 DR. S1 ANGER: I think that somebody

22 without broad expertisa and experience in

23 electroplating might interpret such a cosmstic area

,e'( 24 as a minor etching or something like this, could to

L/
25 them appea'r to be melted.

- _ . _ -- . - .- .-- _ _ . - - - - - - - - - - - _
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.. woga -1 JUDGE BRENNER: Does that complete your

2 questions?

3 MR. DitlNER: Yes, sir.

() 4 JUDGE BRENNER: The Board has no further

5 questions. Are there any involved on the Staff,.

6 just to the last questions asked. series of

7 questions? ,

8 MR. GODDARD: No questions from the Staff.

9 JUDGE BRENNER: Any redirect?

10 MR. ELLIS: No redirect.

11 JUDGE BREN1ER: If I gat the cast of witnesses

.12 correct in my mind, I might not have, I think only Dr.

i
.13 Harris gets to leave permanently and each of the rest ofyau

14 will be here again. Am I right? So I will Sid hon v7yage
.

'

'

15 to Dr. Harris, and thank you for your time. And to the

16 others I'll.say goodbye until we meet again, which will be'

17- for some of us at 10:30 Monday morning in this courtroom.
,

18 (Hearing recessed.)
.

.19

20

21

22'

23

rn 24
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25



._ . .. . --

'0020'01 22593

wega 1 CERTIFICATE OF OFFICIAL REPORTER

2 This is to certify that the attached

3 proceedings before the UNITED STATES NUCLEAR
. ~

.

4- REGULATORY COMMISSION in the matter of:

5 NAME OF PROCEEDING:

6 SHOREHAM N3 CLEAR ParlER STATION

7 Long Island Lighting Company

8 DOCKET No.: 50-322-OL
;

9 PLACE: Hauopauge. New York

10 DATE: September 13, 1984

11 were held as herein aopears, and that this is the

12 original transcript thereof for the file of the

13 United States Nuclear Regulatory Commission.
'

14 (Sigt)--

15 (TYPED) HELE.4 Dan 03NE,

16 official Reoorter

'

.17 Reporter's Affiliation

18.

.19

20

21
,

22

23

k s(
,~ 24
'

25

. . . . . . . _ . _ _ _ .. ._ =._ _ . _ . . _ . _ _ . . . _ _ , . _ _ _ , _ _ . . _ _ . , _ . . . _ .


