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wega i UNITED STATES OF AMERICA

2 NUCLEAR REGULATORY COMMISSION

<~ 3 BEFORE THE ATOMIC SAFETY & LICENSING SOARD
(_N)

4 ---------------------------x

5 In the matter of: :

6 SHOREHAM NUCLEAR POWER STATION : Docket No.50-322-OL

7 (Long Island Lighting Company) :

8 --------------------------------x

9 State Office Building

10 Veterans Memorial Highway

1.1 Hauppauge, New York

.12 Wednesday, September 12, 1984

13 Hearing in the above-entitled matter was

p)(_ 14 convened at 9805 a.m., pursuant to notice.

.15 BEFnRE:

16 JUDGE LAWRENCE BRENNER,

17 Chairman, Atomic Safety & Licensing Board

.18 JUDGE PETER A. VORRIS,

.19 Member, Atomic Safety & Licensing Board

20 JUDGE GEORGE A. FERGUSON,

21 Member, Atomic Safety & Licensing Board

22

23

() 24

25
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wego I APPEARANCES:

2 On behalf of the Applicants

() 3 TIMOTHY S. ELLIS. III , ESO.

4 MILTON FARLEY, ESO.

5 DARLA B. TARLETZ, ESO.

6 Hunton & Williams

7 700 East Main Street

8 Richmond, Virginia 23219

9 On behalf of the Nuclear Regulatory Commission

10 Staffs

1.1 RICHARD J. GODDARD, ESO.,

.12 Office of the Executive Legal Director

13 On behalf of the Intervenor, New York State

nA' 14 ADRIAN F. JOHNSON, ESO.

.15 On behalf of the Intervenor, Suffolk County:

16 ALAN ROY DYNNER, ESO.

17 JOSEPH J. BRIGATI. ESO.

.18 DOUGLAS J. SCHEIDT, ESO.

.19 Kirkpatrick, Lockhart, Hill,

20 Christopher & Phillips

21 1903 M Street, N.W.
,-

j 22 Washington, D.C. 20036

23
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w:ga .1 PR0CEEDINGS

2 JUDGE BRENNER: Good morning. Mr. Dynner.

(( ) 3 .If there are no preliminary matters, you may

4 continue your cross-examination. Are there any

5 prel.iminary matters?

6 MR. FARLEY: May we approach the bench?

7 JUDGE BRENNER: I would rather have

8 things on the record unless there is a good reason

9 not to. If you f eel strongly about it, we will go

10 off the record.

1.1 MR. FARLEY: I.would prefer off the

12 record.

13 JUDGE BRENNER: All right.

.14 (Side bar conference held out of the

.15 presence of the public).

16 JUDGE BRENNER: All right, Mr. Dynner.

17 We discussed yesterday our desire that you finish

.18 cross-examination by the lunch break.

19 MR. FARLEY: Judge Bre nner, I think Mr.

20 Johnson is prepared now to talk about the Kodiak

2.1 thing that we ended up with yesterday, if 4r. Dynner

22 would like to pursue that.

23

O 24

25

e
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ccga .I Whereupon,

2 DAVID 0. HARRIS,

() 3 DUANE P. JOHNSDN,

4 ROGER L. MC CARTHY

5 FRANZ F. PISCHINGER,

6 CRAIG K. SEAMAN,

7 LEE A. SWANGER,

8 and<

9 EDWARD J. YOUNGLING

10 were called as witnesses on behalf of the Aoplicant

1.1 and, having been previously duly sworn, were

12 examined and testified as follows:

13 CONTINUED CROSS-EX AMINATION,

O .14 BY MR. DYNNER:

.15 JUDGE BRENNER: All right.

16 DR. JOHNS.ON: I'd like to clarif y the

.17 Kodiak results. Two pistons were removed from the

.I 8 Kodiak engine number 4. The two pistons that were
.

19 removed, and if we refer to the third page of

20 Exhibit 29 --

2.1 JUDGE BRENNER: This is LILCO Exhibit P-29 ?

22 DR. JOHNSON: Yes, sir. The two pistons

23 that were removed are the ones labeled on that page

24 as IR and IL. The stud boss area of both of those

25

_ - . . _ - . _ - . _ _ - _ _ _ _ - . _ _ _ _ _ . _ . _ _ . _ . - . . . _ - _ - _ - - _ - _ _ _ _ . - - _ _ . _ _ _ . _ __ __.. _ ___. -
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wngo: .I pistons was examined by both PT and ET. No .

2 indications were detected by either method. :-

-

,

3 In addition, the rib near the wrist pin();.
i

4 boss area was inspected with PT, penetrant inspection. No

5_ . linear penetrant indications were observed in the'

6 piston .which we are calling IR, a three-quarter inch *

;

7 linear penetrant indication was observed in the
f'

8 piston we are referring to as IL. The region in the

9 vicinity of the penetrant indication observed in IL
4

.

f 10 was inspected with eddy current and no linear
.

4 11 indication was found.
.

i 12. The IL piston, that is the piston that

i 13 had the three-quarter inch linear penetrant

.34 indication. .was shipped to Fa AA laboratory. The
!

J5 other piston, IR, I understand, was shioped to TDI .

16- .In the Failure Analysis laboratory we reinspected
i

17 piston IL using both penetrant and eddy current
.

i .18 technique, and no linear indications were observed
i'

19 with either method. We conclude that there were no

: 20 relevant indications observed in either piston.
4

2.1 DR. SdANGER: I'd like to add to that
;

22 answer if I might. The ET that Dr. Johnson referred-

i

23 to is abbreviation for eddy current testing which

O- 24 has been discussed earlier. Also I think oart ofI

I
i 25 the pending question was, what was the load on the

:

i

_ ~ _ - . . _ _ . . _ , _ _ _ , _ . . , _ . _ _ . , . _ _ . _ _ _ _ _ , _ . - _ _ - - . .



. . - _ _ _. m .

.

0010 0.1 2?298

ccga .1 p.iston that was removed from these engines. Our

2 basis for evaluating this piston or assigning it a

() 3 load of 1200 pounds per square inch peak firing

4 pressure is based on the information that we

5 received from the Kodiak Electric Association, that

6 over the 6000 hours of exposure that all of thest
,

7 pistons had had, the engine had operated at an

8 average load of 80 percent of its nameplate rating.

9 The data shown on this page, taken on

10 March 2,1982, at 5600 kilowa tts, is pressure data

11 taken with the Kiene type gage at 80 percent load.

. .12 The 5600 kilowatts is 80 percent. We thought given
t

13 the questions of the accuracy of the Kiene gage and
-q
k/ .14 to be conse.rvative in the credit that we were going

.15 to take for the exposure of the AE piston in the

16 Kodiak engine, that we did not want to claim that it

17 saw a load of more than 1200 psi, peak firing
.

.18 pressure.

19 As you can see from the table 5ased onI

2

20 the Kiene gage, every piston in that engine

2.1 experienced loads above 1200, from 1240 up to 1343.

22 0. Dr. Swanger, to follow up on that, could

23 you explain on the chart we are speaking about,i

O 24 which.is the third page of Exhibit P-29, the first

25 part of the chart says " March 31, 1983, 4000 Krt,
.

!

t

i

-~----.wm -m m e . , - .-_..n.egn-, ,w, --g-,-m---, ,,m_,,,,-,,,,m-,.,, ,y n,--gw,.wg..y. - ---.c--_.w -e,.w.., ,-,,-m p - my
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w: g? I 1200 hours."

2 Does that reflect the peak pressures of

(j 3 all of the cylinders during the oeriod ended March

4 31, 1983?

5 DR. SWANGER: Each of the sets of data on

6 Page 3 of P-20 represents the results of a test at

7 one point in time at one particular load taken by

8 the Kodiak Electric Associatico for diagnostic

9 purposes, taken with the Kiene gage. One of the

.10 purposes of having both LILCO and Fa AA engineers go

1.1 to Kodiak Alaska, was to gather information from the

12 Kodiak Electric Association on the operation of

_
13 their engine with the AE pistons in it.

' - .14 As I had said earlier, Kodiak Electric'

.15 told us that the engine had bean operated at an

16 sverage load of 80 percent of its nameplate for the

.17 6000 hours preceding the inspection, which is the

.18 time that it had AE pistons in it. The hours

19 referred to in these two charts are the total engine

20 hours from the time that it was new.

2.1 JUDGE BRENNER I think that completed

22 the answer.

23 0. Dr. Swanger, do you know what the peak
( )

24 firing pressure of the cylinders on the everage is'"

25 for the 80 percent load?
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wiga J I'm confused because if you

2 look at the page we have been looking at, one set of
n
') 3 data for, apparently as you testified, the tests(_

4 done on March 2, 1982, shows a significantly higher

5 average peak firing pressure than shown at March 31,

6 1983. Is that because the March 31, 1983 test was

7 taken at 4000 KW?

8 DR. SWANGER: Yes, it is. There is a

9 direct correlation between the peak firing pressure

. 10 and the total output of the engine. The data taken

1.1 on March 2, 1982, at 5600 kilowatts is, at 80

12 percent of the nameplate output of this, which is

13 7000 kilowatts, and the peak firing pressures

O
.14 reported there f rom 1240 to 1340 psi represent the

15 peak firing pressures associated with operation at

16 80 percent of the nameplate load.
,

.17 O. Since the information that you received

.18 as a result of the February 17 trip, which is

19 reported in the document in Exhibit P-29, and the

20 data associated with the peak firing pressure, have

2.1 you done anything to update that information?

22 DR. SWANOER: I'm not certain that I know

23 what you mean by " update the information", Mr.
'

24 Dynner. Specifically what are you ref e rring to?

25 O. All right. Have you had any
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w ga .I communicat. ions with the Kodiak Electric Association

2 since the timeframe of February to March of this

() 3 year concerning their AE pistons?

4 MR. SEAMAN: Mr. Dynner, we have spoken

5 to Kodiak since February, and asked them if they had

6 any new information to report on the AE pistons. I

7 don't recall the precise date but they did report

8 that they had had no problems with the AE pistons at

9 that time.

.10 0. Do you recall the approximate date?

1.1 MR. FARLEY: Approximate date of the

12 conversation? The question is not clear.

13 JUDGE BRENNER: Is that what you meant,
r~

! ,

'"' .14 Mr. Dynner?

15 MR. DfNNER: Yes, of course.

16 MR. SEAMAN: To the best of my

.17 recollection,.it was the May to June timeframe.

.18 0. You said that during this conversation

19 you asked them whether they had any problems, or

20 they indicated they had no problems with the AE

2.1 oistons. Could you further describe the

22 conversation.

23 MR. SEAMAN: The actual conversation that,z-
t ,'

~

24 occurred occurred with a member of my staf f, not

25 myself, who reported to me that the pistons were

,
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ccga .1 still _ operating satisf actorily. That's why I don't

2 recall the details of the conversation except that

() 3 they were still operatirg satisf actorily.

4 JUDGE BRENNER: We are going to get a

5 little remote in terms of what this witness will
6 tell us, Mr. Dynner, a conversation with somebody

7 else about a conversation.

8 MR. DYNNER: Yes, I am moving on.

9 0. Gentlemen, if you turn to page 56 of your

.10 testimony.

1.1 Dr.. Johnson, you testified in answer 88

12 that Fa AA inspected two AE pistons f rom the TDI R5

13 prototype engine after approximately 622 hours of
O .14 operation at 2000 psi.

15 Would you identify the type of engine

16 that is designated as the TDI R5 prototype engine.

.17 R5, two separate things -- excuse me.

.18 Dr. Johnson, this is your testimony in
.

19 answer to 88. Do you know what the IDI R5 engine is?

20 DR. JOHNSON: The inspection we performed

2.1 .was on two pistons. That information was taken off

22 the box that the two o.istons were in. That's what

23 we.were told by TDI.

O 24 JUDGE BRENNER: What was the designation

25 of the engine? You personally don't know what the TDI

.
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taga .I R5 engine is: is that correct?
,

2 DR. JOHNSDN: Yes.

() 3 0. Then anyone can please describe it, the

4 TDI R5 engine.

5 JUDGE BRENNER: Mr. Dynner, I think it

6 would be more efficient if you could have them focus

7 in on any point of similarity or differences you

8 want them to focus.in on instead of hearing a

9 recitation by the witne sses on what --

.10 MR. DYNNER: All right. I will rephrase

1.1 the question then.

12 0. 15 the TDI R5 prototype engine the same

13 type engine as the EDG's at Shoreham?
(:)

-

.14 DR. SWANGER: The TDI H5 engine is an

15 evolutionary development of the R4 type engine which

16 is in use at Shoreham. The key dimensions

.17 describing the engine, the bore of 17 inches and the

.18 stroke of 21 inches are identical to the engines at

19 Shoreham.

20 This is borne out by the fact that the

2.1 .same piston, the AE piston can be used

22 interchangeably in the R4 or the R5 engine. The R$

23 engine has been developed by TDI to provide a higher

24 specific output. I think the nominal rating is 275

25
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c.cg 2 1 psi, brake mean eff ective pressure compared to the

2 225 psi brake mean effective pressure in Shoreham.

3 So it is more highly stressed both from a m6chanical()
4 load s.tandpoint and from a thermal load standpoint.

5 In addition, the testing that was done by

6 TD with these AE pistons, was accelerated testing.

7 even for the RS and that for the 622 hours of

8 operation, the brake mean effective pressure was a

9 . figure of 304 psi which is substantially above the

.10 275 psi rating of the R5. The R5 is a large medium

1.1 speed turbo charged diesel engine of very similar

12 type to those employed at Shoreham.

.13 0. It is a V16 engine as opposed to a

O( > .14 straight 8 engine that we have at Shoreham, isn't it?

15 DR. SWANGER: The R5 designation, just

16 like the R4 designation, applies to a family of

.17 diesel engines.

.18 0. I am talking about this particular engine

19 identified ir the testimony as the R5 prototype

20 engine. That's a V16 engine rather than a straight

2.1 8 engine as we have at Shoreham, isn't it?

22 DR. SWANGER: No you are wrong. Mr.

23 Dynner. It happens to be a V12 engine.

24 0. All right.

25 DR. SdANGER: However, as I was trying to

,
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c:ga .I explain in the answer, that doesn't make any

2 difference to the testing of the individual

'() 3 components and what's ref erred to --

4 Q. I didn't ask you whether --

5 MR. FARLEY: I object. He is

6 interrupting the witness.

7 MR. DYNNER: I would like an answer to

8 the question.

9 JUDGE BRENNER: In this case he answered

.10 it. I think what we are getting is fair explanation

1.1 in addition to the answer.

12 DR. SWANGER: The reason the testing was

.33 significant to FaAA is that the components of the

.14 power cylinder, namely the cylinder head, the piston

15 and the liner, the valves, the fuel injection

16 equipment, are identical for any R4 engine. Also

.17 .they are identical for any R5 engine independent of

18 the number of cylinders in that engine. And,

19 therefore, testing of a component, specifically

20 test.ing of an AE piston would be independent of

2.1 whether it was in a 6, an 8, a 16 or even a 20

22 cylinder engine.

23 0. You said the cylinder head is the same in
(

24 the R5 V12 as in the EDG's?'

25 DR. SWANGER: I did not say that. I said

-- - - - _ _ - _.- - - - . . - _ _ - - - . . - - . - _- - - - . - . . - - - . - - . _-
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cc:g2 1 within the R4 family, the powered cylinder

2 components are the same, and separately within the

( j) 3 R5 family the power cylinder components are the same.

4 Q. Could you describe the differences, if

5 any, between the AE piston skirts you examined in,

6 the R5 engine and the AE piston skirts in the EDG's

7 at Shoreham?

8 DR. SWANGER: The dif f erences between the

9 AE pistons at Kodiak Electric Association which are

.10 the same as the AE pistons in the Shoreham EDG's.

1.1 and the AE pistons that were tested in the R5 are

12 referred to in our direct testimony at question

.13 number 89 at page 56. l can expand a little bit on

.14 that answer.by ref erring to LILCO's exhibit P-29.

15 on Page JO of that exhibit there are photngraphs of

16 the interior of the AE pistons at the Kodiak

.17 Electric Association which are the same as the

18 pistons at Shoreham, and on Page 28 of exhibit P-29

19 there are photographs of the interior of the AE

20 piston that was tested in the R5 development area.

2.1 By comparing those two pictures, the

22 differences in the evolution of the AE design can be

23 seen, and they are in two areass One is in the
,s

/ \
l 24 . wrist pin boss area, the area of the casting in

25 which the 6 and three-quarter inch diameter wrist

,

k
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wag 3 .I pin goes through the casting, and. the di ff erence is

2 that the earlier. version of the AE. the one that was

() 3 tested in the RS, is similar to the AF piston in

4 that the wrist pin boss has a reinforcing rib around

5 it, and also has some longitudinal reenforcing rihs.

6 2n the more advanced AE design as shown

7 on Page 10, that wrlst pin boss has additional

8 material added to it to stiffen it and strengthen it.

9 The other diff erence is that the

.10 circumferential rib part way up the skirt of the

1.1 piston which connects the wrist pin bosses together

12 has been enlarged, tapered, and the radii made more

.13 gentle and more blended in the advanced AE design.
O 14 the one at Kodiak and the one at Shoreham.x-

15 The R5 engine had the AE piston with a

.16 narrower rib which is similar to the ribs in the
.

.17 original AF pistons at Shoreham.

18 The NRC Staff has addressed these

.19 differences in its testimony and has said that in

20 their opinion the R5 piston, the earlier version was

21 improved when the changes were made to generate the

22 AE pistons that were provided for Kodiak and for

23 Shoreham, and that they had no doubt that these

O' 24 changes made an improvement to the AE piston.

25 We think this makes the experience with

_ - _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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CCg3 I the R5 test engine even more valid because the

2 pistons which are at Shoreham are actually stronger
n
(_) 3 than the AE pistons tested in the R5 engine at 2003

4 pounds per square inch for essentially ten to the 1

5 cycles. Therefore, we think that experience with

6 the R5 is very strong and our conclusion that the AE

7 pistons at Shoreham are adequate f or their purpose.

8 will not initiate and will not propagate any cracks.

9 Q. Are the differences that you described

10 the only differences between the R5 AE oiston and
|

11 the AE pistons in Shoreham?

12 JUDGE BRENNER: While they are conf e rring.

13 I assume Exhibit P-29 is one of the exhibits where7_
- 14 the pages .will be numbered for the version 'that goes

15 as the official sxhibit?
|

I .16 MR. FARLEY: Yes. Your Honor.

.17 DR. SWANGER: The differences in design
,

|

| 18 that 1 just discussed are the only ones I am aware
'

19 of.

20 0. Dr. Swanger. I didn't ask you about

'

21 differences in design. I said, are those the only

22 differences. So I would 1ike to know, aside from

23 design dif f erences, are there any other dif f erences?7_

'#- 24 JUDGE BRENNER: Mr. Dynner. is there a

25 reason why under cross-examination you cannot just |

|

|

_ _ - _ _ _ _
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t:cg3 1 point to whatever difference you have in mind and

2 say, what about this, isn't that a difference? So ;

3 we can get quick answers.

4 4R. DYNNER: If I knew all the answers.

5 that would be the approach I might take, but I don't

6 know all the answers. I have reasons to believe
l

! 7 that there may be other differences, but I don't t
l
.

'

!
8 know the answers. That's why I am asking the

!

9 questions, sir. r

.10 JUDGE BRENNER: Not the typical soproach

|

! Il to cross-examination.

.12 MR. DYFNER: Sometimes we don't always
,

.13 know the answers to questions that we ask, as you f
!

| O
! 14 have noted during this examination.

15 DR. SWANGER: There are some other

| .16 differences which are contained in the memo by

.17 Donald O. Johnson dated February 3. 1984 which is

18 included in the middle of LILCO's exhibit P-29. I'd

.19 like to explain those differences, but before ! do I

20 think it is important to know while you are |
.

21 listening to the explanation of the differences.

I 22 that they have no e f f ect on the conclusion 1 drawn |

|

23 from the FaAA report. My explanation of the answer
|('

24 will make it cle9r why they have no ef f ect on the:
-

'

25 conclusions, namely that the AE pistons at Shoreh9m
!

'

!
;

'
__ _ _ _ _ ____ _ _ _ __ _ _ ____ _ _ _ __- - -__-___ _ _ ___ _- _ - _ _- - _ _ _ _ _ _ _____ _ _ _____ _ _ _ _ _ _-.
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| wago I .will not initiate or propagate cracks.
!

2 The diff erences th9t I am referring to

() 3 are those that were noted by Donald Johnson during
|

4 his inspection of the R5 pistons. The first one is
,.

5 in the fourth paragraph of the memo, and is as
,*

6 follows: "Dur 4ng the inspection I observed there
,

t

7 was a layer of plating on the inside of the skirt ;

8 and that the casting was very smooth, diff erent f rom ,

i
|

9 general production runs of cast material. The -

10 inside of the skirt was clean and all the flash was

11 removed. The boss area was very smooth as if
t

.12 polished by Cratex and all the ground areas were
..

.13 very carefully pol!Jhed with smooth radius in the ;

O j14 boss."
i

15 Then the plating is explained in the j

.16 following paragraph where it says, "There was
|

.17 evidence of plating on the inside below normal areas. j
i

18 The plating was very thin. approximately .0005 inch

.19 to .0001 inch."

20 1 can co9 ment on the measurement of the

21 plating. It was done with the eddy current

12 technique. One of the featuroa of the eddy current

23 technique is that the signal that is developed on
O 24 the oscilloscope during testing is proportions! to

25 the lif t-of f of the addy current probe from the cast |

i

,

_ _ _ - _ _ . . _ . _ _ _ _ _ _ _ _ - _ _ _ _ .
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wega i iron surf ace being examined, and by calibrating the

2 eddy current probe on known thicknesses of tin

() 3 plating in the laboratory, we were able to use it to

4 demonstrate that this plating which is between

5 1/15th and 1/3rd of the nominal plating on the

6 piston probably resulted from some leakage current
,

7 to the inside of the piston due to this not being a

8 production piston but being a test piston at TDI.

9 The other more important area or the one
,

10 that might seem more important is the polishing of

11 the' boss areas on the inside of the piston. Since

12 this was a test piston at TDI, they used techniques

.13 which are standard .in evaluating the ' design of a

O 14 component. In dev'elopment of components such as

15 pistons, the manufacturer wants to be certain that

.16 he separates the effect of the various variables on

.17 the performance of a component, and in this case TDI

18 was being careful to separate the effect of

.19 manufacturing from the effect of design of the

20 component, and took normal precautions which would

21 5e taken during a test program to make sure that

22 they were testing features of the design by being

23 sure that the area in the boss area was smooth.

24 What Fa AA has shown with its more

25 detailed and more exhaustive design analysis is that



_-

.

223320010 01

wags 1 the precautions that TDI took in their test actually

2 were unnecessary. We have demonstrated that it is

3 highly unlikely that any f atigue cracks would()
4 init.iate in that area. We have also demonstrated

5 that f atigue cracks will not propagate. We have

6 been mentioning in these hearings that fatigue

7 cracks up to -- excuse me -- that cracks or

8 preexisting defects up to half an inch deep will not

9 propagate. But I'd like to clarify that by saying --

10 I'd like to continue by referring to LILCO's Exhibit

11 P-25, which is a plot of the stress intensity factor

12 range versus hypothetical crack depth compared to

.13 the threshold stress intensity factor range.
'

r~s(.,) 14 By looking at this chart, it goes out to.5

15 inches, half an inch on the right, but even at that

16 point the actual delta K working on the defect is

17 well below the delta K thresho1d. It is just that
,

18 half an inch was such a ridiculously large feature

19 to presume being in these pistons that we stopped

20 the analysis at that point.

21 If we had gone on, it might turn out the

22 defects three quarters of an inch, an inch, maybe an

23 inch and a half may be demonstrated by fracture

O(s mechanics to be nonpropagating in AE pistons.24

25 O. Are you through?

.

,..n, , , - - - - - - - , , - - - - - , - - - - - - , - . . - , - - , , _ , , . ,
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wago .1 DR. SdANGER: I would like to summarize,

2 if 1 may, that it is because of the experience in

() 3 the R5 engine at 2000 psi. for enough cycles to

4 demonstrate that it was operating below its

5 endurance ratio for a condition which the AE pistons

6 at Shoreham, 3 don't think, even could reach. That

7 is the 2000 psi pese firing pressure, that we are

8 e.xtremely confident that the AE design as

9 demonstrated by TDI's test and by FaAA analysis is

10 very conservative.

11 0. Now, Dr. Swanger, let's go back to your

12 initial answers to my question which is about the

.13 differences between the AE piston and the R5 engine
,_ ,
,

14 and that in the Shoreham EDG's as stated in Donald-

15 Johnson's memorandum. The first thing it notes

.16 there is that there was a layer of plating on the

.17 inside of the skirt.

18 Is there a layer of plating on the inside

.19 of the skirt of the AE pistons at Shoreham?

20 DR. SWANGER: In my own visual inspection

21 of the AE pistons at Shoreham. I have seen some

22 evidence of very minimal amounts of tin due to stray

23 electroplating currents which will get inside the
,-,

(_) 24 piston and deposit a little bit of tin in some areas.

25 .It is extremely innocuous and has no ef f ect on the
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wnge 1 piston one way or the other.

2 DR. #C CARTHY Could we

) 3 have a moment on this?

4 MR. DYNNER: Is the answer complete.

5 DR. SWANGER: I don't think I have

6 anything to add to that.
.

7 0. Do you mean to suggest, Dr. Swanger, that

8 any tin plating that was found by Fa AA, not just

9 yourself, or LlLCO. on the inside of the AE skirts at

10 Shoreham was there inadvertently and unintentionally,

11 or is it there by design?

12 DR. SWANGER: I have discussed the tin

- .13 plating of pistons with design engineers from TDI,
Cs> -

14 and I know that the tin plating is on the outside of

15 the pistons by design, on the inside of the pistons

.16 inadvertently as a result of the electroplating

.17 process to put one and one half mil of tin on the

18 outside of the piston to protect it during break-in

19 and to protect the outside of the piston during

20 storage.

21 Q. And the plating that was observed on the

22 inside of the skirts in the two AE pistons from the

23 R5 engine are the ones that were plated very thin as

24 described in the penultimate paragraph in the first

25 page of Dr. Donald Johnson's report, is that co rrect?

- . - _ _ . - - - . _ . . .-- - _- . ._ .
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w ga .1 .DR. SdANGER: I apologize.

2 0. The next to the last paragraph where it
-

N) 3 .says the plating is very thin.

4 DR. SWANGER: I was going to ask you to

5 define penultimate. Does that mean next to the last?

6 0. I was ge tting even with you. You used a

7 lot of words that.I don't know.

8 JUDGE BRENNER: Why it doesn't mean fifth from

9 to the last? I don't know. But it does mean fif th from

10 to the last.

11 DR. SNANGER: Thank you, Judge Brenner.

12 ~Could you rephrase the question for me. I lost the

.13 trend of thought. *

-)
14 0. Is the plating that was observed on the

15 -inside of the AE skirts in the R5 engine the tin

.16 plating referred to in the last sentence of the next
.17 to the last paragraph in Donald Johnson's .nemorandum,

18 which says, "The plating was very thin,

19 approximately .0005 inch to.0001 inch"?

20 DR. SNANGER: I still didn't understand

21 that question. I just heard, does the tin, and then

22 you went on to describe it. I didn't detect it.

23 Please help me.

24 0. I will say it for the third time. Is the
|

25 tin plating where it says there was a layer of

.

-, .. . . _ _ - _ . . . . - _ . . _ , , ,, .-r - - . . , . . ,,,.----.,w- -
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waga 1 plating on the inside of the skirt of the AE pistons

2 in the R5 engines, is that layer of tin plating the

() 3 plating which is described as being .0005 inch to .070l ?
;

4 MR. FARLEY: I still object to the form

5 of the question. He hasn't said whether by design

6 or inadvertence, which is what we are talking about.
.,

7 JUDGE BRENNER: He doesn't have to say

8 that.in the question.

9 DR. SdANGER: In the paragraph preceding

10 the penultimate paragraph, there is the statement

11 that, "I observed that there was a layer.of plating

12 on the inside of the skirt."

_ .13 Then in the following paragraph he goes
,

.14 on to quantify that plating by saying, "The plating

15 was very thin, approximately .0005 inch to .0001."

16 Both sentences refer to the same

17 electroplating on the inside of the piston skirt.'

18 0. All right. Now, in the same next to the

19 last paragraph, Mr. Johnson also says the plating

20 inside and out. Do you know whether his description

21 of the thickness of the plating also refers to the

22 plating on the outside of the skirt?

23 DR. SWANGER: Donald Johnson reports

\~3
7,

J
24 directly to Dr. Duane Johnson and in addition to

25 this memo has had conversations with his supervisor.

|
|

|

-- , . - - - - - - - . , - - , , - - , . _ _ , _ _ , _ __ _ _ _ _ , _ _ , _ , _ _ _ __
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wagn 1 I believe Dr. Johnson is better able to answer this

2 specific question.

{{} 3 0. Go ahead.

.4 DR. JOHNSON: The measurement .0005 to .0001

5 was the measure obtained on the inside of the piston

6 skirt.

7 Q. Dr. Johnson or anyone, did he take the

8 measurements of the thickness of the tin plating the

9 outside of the skirt as well?

10 DR. JOHNSON: He checked the plating

11 measurements on the outside and they were equal to

12 the standard which he had set up on, whir 5 was a

.13 piston containing -- excuse me, the nodular. iron

.14 piston skirt with a normal plating on the outside,

15 which, as J recall, was on the order of 1.5 mils,

16 which is, in materials we have here. 0.M015.

.17 0. And is the tin plating on the outside of

18 the AE skirts in the R5 engine the.same thickness as

19 the tin plating on the outside of the AE skirts in

20 the Shoreham EDG's?
.

2.1 DR. SNANGER: The only data we have for

22 skirts in the R5 engine are the two that we

23 inspected. We don't know what they are in the rest

24 of the R5 engine. But the two that we inspected

25 were similar to the plating thicknesses on the AE
4

- , , , , , , , + - - , , , , . - , - - , -- . - - - , - - , , , , - , , , , , ,7 -,,->, -e-e,e -,,, ,.-
-
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wcgo .I skirts at Shoreham.

2 O. When you say they are similar, what were

n
(_) 3 the precise differences in the thickness of the tin

4 plating of the AE skirts at Shoreham and the two AE

5 skirts in the R5 engine?

6 DR. SWANGER: Fa AA has made no

7 measurement of thickness of the tin on the outside

8 of the AE piston skirts at Shoreham. However, we

9 have reviewed the engineering drawing for the AE

.10 skirt which specifies a thickness of tin on those

11 skirts of.0015 inches. Our measurement of the tin

12 thickness on the R5 AE pistons as discussed by Dr.

.) 3 Johnson showed that its thickness was nominal. That

.14 is, it was within the expected . range based on

15 calibration standard taken f rom a nodular iron

16 piston which was made by TDI and passed all of the

.17 manufacturing and acceptance inspections that would

18 have been given to it by the manufacturer and by

19 LILCO, the customer.

20 This is significant to us because we

2.1 think that the successful operation of the normally

22 tin plated AE skirt in the R5 engine demonstrates

23 that certainly there was no adverse effect of the
7g
U

24 tin plating on the outside of the skirt, and in fact

25 it was probably a benefit of the tin plating the

.
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w:go .1 outside of the skirt even in an accelerated high ,

2 load test in the R5 engine.
1

3 Further, we think that the test in the d5()
4 demonstrated that the flash-over or inadvertent

5 amount of tin which may be present on the inside

6 certainly has no effect on the fatigue cerformance

7 of those pistons because no indications were found

8 in the critical high stress areas of those pistons.

9 The. memo we have been discussing February 3, 1984,

10 by Don Johnson, does in its last paragraph, discuss

1.1 three eddy current indications --

12 .MR. DYNNER: I move to strike everything

.13 he said after what he told me that the tin olating

.14 is the same af ter what is normally called for in the

15 drawings. This witness is not being resoonsive to
,

16 my question. He is giving speeches based upon what

.17 he thinks I will ask in the future.

18 JUDGE BRENNER: I will not go back and'

19 strike it. The comment is correct. He has the

20 facts on the record. Let's leave it there for a

2.1 couple of reasons, including efficiency. Let's get

22 the answers more directly to the question and hold

23 the rest of what you might want to say. I am going

,_,)(
'- 24 to become more aggressive in insisting that that's'

25 done now. I think we have given you fair leeway and

. . _ ._ .__ . - __ ., __
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wega .1 it takes witnesses a while to adjust being in this.

2 what.I am sure, is an unusual situation for most

() 3 people.

4 I have been a witness myself and it is

5 stressful and unusual even when you are used to

6 proceedings, than to certainly sit in a witness

7 stand. Nevertheless, you have had a f ew days to

8 acclimate yourself. The ob ject is to answer the

9 question and not just to fill in on all other things

10 that you bel.ieve might be of interest within the
~

1.1 same or related _ subject matter.

12 All right, Mr. Dynner.

.13 0. Dr. Pischinger, do you know what the

.14 purpose was of tin plating the inside of a skirt as

15 in the R5 AE skirts?

16 DR..PISCHINGER: As was mentioned before,

17 the tin plating on the inside of the skirt was

18 unintentional. That means it was usually a stray of

19 tin plating which is occurring to tin plates of the

20 piston on the outside. That's what I heard.

21 0. I am talking, Dr. Pischinger, about the

22 tin plating, the . layer of tin olating on the inside

23 of the skirts.in the R5 engine that are .0005 to .0901

-24 in thickness. I believe what you are ref erring to

25 is the inadvertent tin olating on the inside of tne
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wago 1 AE skirts at the Shoreham f acility, the Shoreham

2 engines.

~ () 3 DR. PISCHINGER : I can only sucoose that

4 tin plating on the RS, the AE pistons used on the R5

5 engine is also to a little higher degree

6 unintentional.

' 7 0. Does anyone on the panel know whether or

8 not the tin plating layer on the inside of the

9 piston skirts, of the two piston skirts in the R5'

10 engine _was intentional or unintentional?

1.1 DR. SWANGER: Yes. I have had a

12 discussion with engineers from TDI and learned from

13 them that the tin plating the inside of the AE
,

( .14 skirts in the R5 engine was unintentional.

15 O. Did you ask them how they could make that

16 kind of unintentiona.1 tin plating in an engine,

.17 experimental prototype engine used for testing that

18 particular component?
.

19 DR. SWANGER: No, I did not ask them that

20 question..

21 0. Thank you.

22 Dr. Pischinger, can you tell me what the
.

I 23 eff ect would be, if any, of having this thin layer

)
|'

24 of tin plating on the inside of the AE piston skirt?

25 DR. PISCHINGER: None.

;

. - _ . . . . - - , _ . . . _ . _ , _ _ _ _ _ , _ _ . _ . . _ . _ _ . _ - . .___ _-_.. _ ___ _ _ _ ,_ ____.. ,_. __ . - _ . , _ . . _ , ._
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wega J 0. You also testified that on the R5 AE

2 skirts that we are ref erring to Mr. Johnson

() 3 reported that the casting was very smooth, diff erent

4 from general production runs of cast material.

5 Was the smooth casti.ng different from the

6 casting on the AE pistons in the Shoreham EDG's?

7 DR. JOHNSON: Yes. The condition was

8 smoother than the surfaces which we generally

9 observed on the Shoreham pistons on the inside. Of-

10 course, that also made it easier to inspect.

Il 0. Would the smoothness result from a

12 polishing of the boss area of the skirt? I will

13 direct your attention, for your convenience, to the
_. ,

\# 14 third from the last paragraph of Mr. Johnson's

'

15 memorar. um.

16 MR. JOHNSDN: It could have resulted from

.17 polishing, but we don't know that it was the result

.18 of polishing.

19 0. Has anyone -- Dr. Swanger, when you

20 testified previously, you said that TD was being

21 very careful to be sure that the area and boss is

22 smooth. How did you find that out?

23 Dr. Swanger, can I have your answer

L 24 before you confer with your colleagues because I am
|

25 asking you a question about your prior testimony.

|

|

I
|
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wnga .1 DR. SWANGER: My answer was based on my

2 years as director of product development for

() 3 Imperial Clevite, Incorporated, Engine Parts

4 Division, and our standard procedures used in

5 de.velopment of componsnts. It is typical to use a

6 smooth surface to test for the design of a component

7 as opposed to its manufacture, and to make it easier

8 to detect any indications which might develop on it.

9 0. .And the polishing and smoothing out of
,

10 these boss areas and the ground areas would also

11 eliminate.or reduce any stress areas in those riser

12 areas, wouldn't it Dr. Pischinger?

13 DR. PISCHINGER: Could you please repeat

14 the question.

.15 O. Yes. The polishing and grinding -- the

16 polishing of the boss areas and the ground areas of

.17 the AE skirt would also reduce or eliminate stress

.18 risers in the skirt, isn't that so?

19 DR. PISCHINGER: I wouldn't put i t that

20 way. I want to coint out that it is very often used

21 and practiced in engine development and develooment
,

22 of such parts that if you run such a piston

23 prototype for stress evaluation, you try to get a
,-

J 24 clean, smooth surface so you are sure you have no

25 crack initiation afterwards, and that it is easier

.

&+ -% -vv- - g ~y ---% y- , - -% -yg-- -g- e-m- -- w w -re- .-ww-,y-e- -yw a,wm - pgywi.g-y%-- e-- tm3m- ei+-e ---ee=--g-v--- *N - - -*e- tr
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waga i to detect-crack initiation. 1

2 DR. SNANGER: You asked about --

( }) 3 0. The effect also is. Dr. Pischinger, an

4 effect would also be that it would reduce or

5 eliminate any potential stress risers in that areat

6 isn't that true?

7 DR. PISCHINGER: It gives -- such a

S surface gives evidence of the property of the effect

9 of crack initiation. You want to see if such a

.10 piston is prone to crack initiation. Usually in

11 such a run it is not the intention to watch crack

12 propagation of a prefabricated crack. It is to see

.13 crack initiation.

.i 4 DR. SWANGER: I'd like to augment

15 Professor Pischinger's answer.

16 MR. DYNNER: I'd like Dr. Pischinger to

17 answer the question. I don't think he understood

18 the question.

19 JUDGE BRENNER: Yes. I think he

20 misunderstood the question.

2.1 0. Let me try to exclain once more the

22 question. Dr. Pischinger, do yo's know what a stress

23 riser is? Do you know what that term means in
,_

24 English?~

25 DR. PISCHINGER: Maybe you think of any

- . . -- . e. . __. . - . . _ . - _ - - . . _ , . . _ . _ - - - ,. .- - -- _ , _-_ ., . _
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wags .1 flaw whrch can develop into a higher crack. a larger

2 crack.

I 3 0. Or an area where the stress concentrations~

v

4 could cause a defect?

5 JUDGE BRENNER: I haven't heard the term

6 stress riser. Maybe I don't know what it means in

7 English either. In any event, that's not the

8 question you are tryino to get at. We don't have to

9 start with overall definitions. I think what he is

10 trying to ask you is whether the process of taking

11 special care to pol.ish the surface would leave the

12 situation such that there would be no areas

13 conducive to flaw or crack initiation. We

(_) .14 understand in your answer that it also makes 1t

15 easier to observe any later indications.

16 Mr. Dynner is askino you whether or not

.17 it would also remove any flaws, if you will, of an

18 incipient nature, and it would he more conducive to

19 the development of indications during test runs.

20 DR. PISCHINGER: I think it has to be

21 broken down in two parts. If surf ace treatment or

22 polishing is going to such an extent that you really

23 change the shape of the region, then, cf. course, you

24 influence the whole stress fatigue and the result of's

25 the experiments with such a piston would not 5e
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wago .1 representative.

2 If you clean or smooth the surf ace, you.

3 of course, will not have the effect of a casting

4 flaw -- I hope this is the right expression. In

5 this respect, of course, you remove, if you call it

6 that way, a potential crack initiation, or if you

7 call it that way, a stress riser. But I think there

8 are two dif f erent questions to address. One is.

9 will a crack initiate, which has not been there, and

10 the smooth . surf ace gives you better evidence of that.

11 The other question is, will a crack. a

12 flaw, be the first step of a crack, propagate. and

13 to this purpose of course, you should not clean the

O i4 surfece.

15 DR. SWANGER: I think it would be helpful

16 if 1 explain the concept of stress riser lust a

.17 little bit.

.18 JUDGE BRENNER: Just a little bit.

19 DR. SNANGER: Certainly there is a

20 concept of a stress riser, that is a geometric

21 deviation in the surface which causes the tensile

22 stress or the applied stress at that area to

23 increase. There is also the effect of the stress

() 24 riser, whether or not it would potentially cause a

25 crack or cause a crack to grow. That is directly

<
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wago I what the fracture mechanics calculations of Dr.

2 Harris have addressed.

("i 3 What they have shown is that stress
v

4 risers, even as deep or deeper than one half inch in

5 the surface, will not propagate. Certainly by

6 polishing the surface, we have not removed stress

7 risers half an inch deep.

8 Q. It is true, isn't it, that the radius
.

9 into the boss area of the AE skirt is the area of
.10 higher stress in the AE skirt?

11 DR. HARRIS: To a large extent. Mr.

12 Dynner, your statement is correct. However, the

13 geometry in the stud boss region of the AE piston

.14 sk.irt was quite complex. So it is difficult to out

.15 in the words where the maximum stress occurred. In

16 the Failure Analysis Associates oiston report which

17 has been entered as County Exhibit 8 --

.18 JUDGE BRENNER: Not yet but it has been

19 identified. I said that for counsel's benefit.

20 There is some discussion that has to go on with

21 counsel regarding some of these reports.

22 Go ahead. I'm so rry.
3

23 DR. HARRIS: As indicated in at least t vo

24 places in the report that I just mentioned, there-

25 are pictures and photographs of models that indicate '

,

, - . . - . - . - - . - . - - . -- - _._- - - . - - . - . - , . . - , _ _ - - . . . _ -
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wcga 1 where the highest stresses occurred.

2 On page -- on figure 3-3 of that report

,-)~ 3 there is a photograph of the stud boss region of the .ty_

4 AE piston skirt. This is the skirt to which stress

5 coat was applied in order to identify the region of

6 highest stress.

7 -In this. figure, if you look carefully, it

8 is possible to see the small cracks running in the

9 high stress region. There is a white circle on the

10 figure that surrounds the region where the cracks

1.1 were. So this, in a photo, shows the location of

12 the maximum stress.

13 DR. MC CARTHY: I might add, these were

(~)N- .14 cracks in the stress ' coat which is a brittle lacquer,

.15 not the metal itself.

16 DR. HARRIS: Then on figure 4-5, there is

i 17 a photograph of the results in the finite element

18. model in the stud boss region, and the different

19 colors in this photograoh deoict different stress

20 levels. The red, deep red stresses, the deep red

2.1 areas in the photograph are the regions in which the

22 stresses were the highest.

23 O. Gentlemen, on page 57 of your testimony,
p_

- 24 you state that the R5 has operated successfully, and'

25 I underline "successfully" for over 622 hours at

-_ . . _ _ . _ _ . _ _ _ _ _ _ . . _ - _ _ . __ _ . _ _ - - _ _ _ . . . _ . ,-.
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wcga 1 2000 psig. What do you mean by "successfully"?

2 DR. SWANGER: This statement refers to

() 3 the f act that the two AE pistons in the R5 engine

4 had operated successfully for the time at the

5 pressure indicated, and by "successfully", we mean

6 that there were no propagating cracks in that piston

7 that there was no adverse wear in this piston.

8 In fact from a friction wear and

9 lubri. cation standooint, it had operated very

10 succ ess f u lly. Also, further evidence of that is

1.1 that in the inspection done by Don Johnson in LILCO's

12 Exhibit 29, it refers to three small eddy current

13 indications that were found.
( .14 0. We are going to get to those. My

.15 question, and I am . interrupting you because you are

16 going beyond the question.

17 The question referred to your statement

18 that the R5 is operating successfull'y, not that the

.19 - AE piston skirts in the R5 were operating

20 successfully. I asked you what did you mean by

21 dsuccessfully."

22 JUDGE BRENNER: I think he is answering

23 that question, Mr. Dynner, as long as he is talking
O 24 about the oistons operating in the R5 engine. Don't

25 you think so?

.
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wega i MR. DYNNER: My question, or the

2 statement in the testimony is not that th e --

g
(_) 3 JUDGE BRENNER: You asked him what he

4 thought the statement?

5 MR. DYNNER: What he meant by "succe ssf ully".

6 JUDGE BRENNER: He is telling you. Let's

7 not go overboard the other way, either.

8 DR. SWANGER: Continuing with my answer,

9 what we meant was that the three eddy current

10 indications that were found, which happened to be

1.1 found in low stress areas of the piston, namely on

.12 the lip adjacent to the washer landing opposite from

13 the highly stressed area in the stud boss had no
Os 14 evidence of having been propagating. They were

.15 similar in nature to the kinds of manuf acturing-

16 induced indications that were removed from the AE

17 pistons that Shoreham purchased from TDI.

.18 Q. Dr. Swanger, you are ref erring. I take it,

.19 to the pages that are attached to Donald Johnson's

20 memorandum, which is part of exhibit P-29, and

21 referred to piston C-31 as f ar as the eddy current

22 test is concerned, .is that correct? My cooy, for

23 the convenience of the parties, are the two pages
73
O 24 following Mr. Donald Johnson's memorandum.

25 JUDGE BRENNER: The February 3rd

- - - - - . _ - . - . . . _ - - _ . . , .. -- - - - -- . - - - . . . , . -
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wega i memorandum?

2 MR. FARLEY: Yes.

() 3 MR. DYNNER: That's correct.

4 JUDGE BRENNER: What's your question

5 about that page which contains certain drawings?

6 - MR. DYNNER: Are those the indications

7 that he was referring to in his orior answer?

8 DR. SMANGER: Yes. The three indications

9 I referred to are discussed in the attachments to

10 the trip report of Donald Johnson dated February 3.

Il 1984.

.12 0. If we look at the second page, which on

13 the corner of my copy, it says Page 3 of 3. it shows
,

- 14' some, I suppose you would call them simolified

15 drawings of a piston skirt. There is a notation on

16 number 2. It shows the line in the lower lef t hand

17 corner and under that it says. one. it looks like D.

18 JUDGE BRENNER: IDIV at 1.5. and to the

19 right of that it says 25 percent. .Will you exclain

20 what that line and what that notation means.

21 MR. JOHNSON: This cage which you are

22 referring to says Page 3 of 3, and these simolified

23 drawings are, of course, two views of tha same crack
!, )
'. 24 area. The comment that says -- and it is there to'

25 illustrate with the lines that you will see on 2. 4

- - . - _ - _. . - . . - _ . . - - - - -- - _ . - - - . - - - . - , .._
_
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wago I and 3, and they are to indicate where the indication

2 was observed, and the comment I division at 25

() 3 percent, for example, is a notation recording the

4 magnitude of the eddy current indication, and the

5 percent is the percent of the standard signal that

6 we use in this calibration.

7 0. Could you tell me, Dr. Johnson -- and we

8 are looking now at the number 2 drawing, labeled

9 number 2. How can you tell what the size of that

10 indication is?

11 DR. JOHNSON: The number indicates the

12 size.

13 0. Which number?
g\ /

14 DR. JOHNSON: Either the I division had a

15 certain position on the screen or the 25 percent,

16 those two numbers that correspond.

17 0. What does the 1.5 mean?

18 DR. JOHNSGR: The eddy current test is

.19 done by observing an oscilloscope screen, and the 1.5

20 refers to -- it is an oscilloscope screen and a two

21 dimensional display of the information. The 1.5

22 simply is saying where on that screen it is located.

~23 The 1 division is. indicating the magnitude of the --
,

- 24 0. What is the magnitude of this indication,

25 if you could put it into inches or fraction of

.
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wegs 1 inches or in terms of length and deoth?

2 DR. JOHNSON: Maybe it would be best to

(]') 3 express it in terms of the standard we use and then

4 the f act that this signal is a quarter of a signal

5 we get. The standards that we use are such that --

6 the standard will give a signal not greater than a

7 signal one obtains from a 1/16th inch long by 1/32nd

8 inch deep crack-like defect in the material. This

9 is one quarter of such a signal.

10 0. A 1/32nd inch would be the length or the

11 depth?

12 DR. JOHNSON: De'pth.

.13 0. What would the length be?
.

("'
.

s 14 DR. JOHNSON: 1/16th.

.15 O. One quarter that size? I can't tell from

.16 this drawing but what is the orecise location of the

17 crack-like indication on number 2?

18 DR. JOHNSON: Well, there are two views

19 of that indication. So you have to look, also, at

20 the second figure. It is on the same page but you
i

21 have a circle and once again, the numbers I, 2. 3. 4

22 repeated. We are looking at that figure and we are

23 looking down, and in fact I can probably give you an
(_

- 24 example on the photograohs if that will help.

25 O. Before we get to the chotographs -- that

- - . - - - --. - - - - _ _ . - . - - - . - - - . - - - . -. - - - -
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wegn i might be helpful if I could decipher mine which are

2 Xerox copies. Perhaps you can describe it with

(f 3 words.

4 MR. JOHNSON: We are looking down in the

5 figure which is right below the diesel engine piston.

6 You will see number 2. Inat's looking down on the

7 boss number 2. If we go to the number 2 which is in

8 the upper left hand corner of Page 3 of 3. that's a

9 blow-up or expanded view of that boss area. But now

10 not looking down on it but at right angles.

11 0. So this .is a crack-like indication in the

.12 boss e"?a of the piston?

.13 DR. JOHNSON: A crack-like indication on

h'- the washer landing area adjacent to the washer14

15 landing area away from the high stress area noted

16 e a rlie r.

17 0. I see. This is in an area which is not

18 as high as the highest stress area identified in the

.19 reports is that correct?

20 DR. SWANGER: We can be quantitative

21 about the location and the stress at that location
i

22 by referring to County's Exhibit 8 and some of the

23 photographs depicted in it. Looking first at

(~_)x' 24 photograph of figure 3-3. which is an actual

25 photograph of the inside of an AE piston. we can s ee --

|

!

_ -- . .._ _____,--_... _ _ - .__ _ , _..-.___-___ _ ,_ _ _.._____ _ _ __.
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wegs 1 O. Excuse me, Dr. Swanger. Just for the
,

2 record, we can identify that the County's Exhibit 8

'N 3 is in fact the Fa AA piston report.
(G

4 JUDGE BRENNER: We have done that several

5 times. So I think we have that. We will follow you

6 and let you give your description in the record. de

7 don't have the original photograohs in f ront of us.

8 That brings up two points I wanted to raise.

9 First of all, I would like for some of

10 these exhibits, before they are put in -- we will

11 have to back up on at least one, I think. Before
.

.12 they are put in, even if it is just marked for

.13 Identification, to get the original versions in and

'() 14 the three copies that are going to become part of

15 the official record. It is clear to me already that

.16 regardless of how much of what will become County's

.17 Exhibit 8 will be in evidence or for Identification,

18 it is going to be marked for Identification. These

;9 witnesses have referred to it numerous times already

20 in the nature of identification, namely the

21 photograph as well as some o,ther things. So I'd

22 like the County to, bef ore we put it in, to get

23 original copies in there for 8. If you don't have

() 24 enough, we will direct LILCO to assist you in
|
'

25 getting the three copies.
;

!
I

i

l

!

. , _ . .__ . _ _ .._ _ _ _ _ _ _ . . _ _ , - - _ _ _ _ _ _ . _
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wega .1 8 is the example I have in mind. But

2 think ahead and for any others that you are going to

() 3 put in that have photographs, the witnesses may end

4 up wanting to refer to, and do the same thing. Re51nd

5 the books so we have it done easily for the record

6 and for the court reporter.

7 MR. DYNNER: We never got any copies of

8 the original photographs.

9 JUDGE BRENNER: It is going to be taken

10 care of now. Yo'J got copies. We have the reports

11 a.long the way.

12 MR. DYNNER: We have the original

.13 photographs here that --
,

14 MS. TARLETZ: LILCO would be haopy to-

15 cooperate with the County. I will renew LILCO's

16 offer to provide the Board .with the originals if

17 you like.

18 JUDGE BRENNER: If you can do that now

19 while we keep talking. I would sopreciate it. Do

20 you have a cooy of the photograph now?

21 MR. DYNNER: I now have the choto7raph

22 figure 3-3 that Dr. Swanger alluded to.

23 JUDGE BRENNER: In terms of backina uo. I

24 would like for LILCO exhibit P-29 to be replaced by

25 a version that has the original photoaraphs for
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w;go 1 purposes of the official record cooy. If you could

2 discuss it with the court reporter during the break,

f') 3 I'm sure he can figure it out. some logistical way
v

4 to do it so it is easiest for the court reporter and

5 note it on the record as to how it was done. It

6 would be acceptable to me, since he has already got

7 a bound version, if you can have just an additional

8 exhibit along with that bound version also labeled P-29.

9 There is no need to use a differen't nuniber. I don't

10 know if there are any other LILCO exhibits or

11 exhibits that are likely to be ref erred to. But

12 there are. it strikes me. the exhibits in the

_

beginning. P-1, P-2, perhaps just those also should13

kJ 14 be similarly supplemented with the original

15 photographs for the exhibit file.

.16 In addition, the Board would like copies

17 of the original photographs marked P-l and P-2. You

13 don't have to worry about -- and also P-29.

19 MS. TARLETZ: I believe the copy

20 originally served on the panel did have originals of

21 P-1 and P-2. We will supoly another copy with P-29.

22 JUDGE BRENNER: You think our copy in the

23 office has the originals?

24 MS. T ARLETZ: Yes, and we will suoplement'-

25 originals for P-29.

w______-_.
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ccgo .I JUDGE BRENNER: All right,. Don' t wo rry ;

2 about that. I will have that system well in order.

() 3 I'm sorry to digress. I had some concern

4 about our ability and the ability of the official
I

5 record to follow this through Xerox photographs.'

6 DR. SWANGER: Ref erring to figure 3-3 of

I

7 the piston report, the location of the indication.
,

8 the lip adjacent to stud boss number 2 can be

9 referenced to the center of the white circle in that
10 photograph. The location is approximately 7/8ths of

11 an inch to the right of the middle of the white

12 circle, and soproximately 3/8ths of an inch below

13 the center of the white circle. It is essentially

O 14 right at the bottom middle of the stack to have

15 3elleville washers that's depicted in this photograph.<

16 The Belleville washers were not there

17 during actual addy current inspection. So that the

18 entire machine surface can be examined and such
.

19 machining induced indications as this easily seen.

20 Also, I might point out that similar

2I small machining induced indications were removed

22 from the AE pistons supplied to LILCO hefore they
,

23 left the TDI factory.
7_
(-)'

24 Dr. Harris then can ref er to another |

25 photograph to discuss further the cosition of this

,

- _ _ - . - _ __ _ . , _ _ _ _ _ _ _ _ _ _ _ _ , _ - - - - .- -- _ _ .____ --. _ _ _ . _ . .-- - - - - - -
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wnga .1 i ndi.c a tion .

2 O. Excuse me. You stuck something in there

(~ }
3 that I hadn't asked, about machining induced

4 indications. Did you conduct any failure analysis

5 or studies in order to ascertain the cause of the

6 crack-like indications that were found in the AE
7 ciston skirt from the R5 engine? Can I have your

8 answer, Dr. Swanger.

9 JUDGE BRENNER: Why does that have to 5e

10 just him?

l.1 MR. DYNNER: Because he just testified.

12 He is the only one that talked about some kind of

.13 machining.

(~N
~

\_/ .14 JUDGE BRENNER: I understand. You are

15 asking now.whether any testing or evaluation was

16 .done of the cause. Why can't you direct it to the

.17 entire panel?

.18 MR. DYNNER: Presumably if he didn't know

19 he wouldn't have said it is machining induced. I

20 don't .see anything wrong with getting this witness

21 who just made that comment to give the answer. I

22 don't want to argue about it.

23 JUDGE BRENNER: All right. You may

24 answer.

25 DR. SNANGER: My knowledge is based on

.

,w ~. - . - - + - . _ _ _ , , . _ _ _ _ , , ,
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w;gs J conversations with Dr. Duane Johnson, whether or not

2 -based on his experience he is able to recognize such

3 conditions as machining induced. We did not conduct(}
4 an independent failure analysis. It was not

5 necessary to conduct such an independent failure

6 analysis since'no such indications were on the

7 pistons supplied to LILCo.

8 DR. HARRIS: If I could proc eed on.

9 JUDGE BRENNER: Let me interlect. If you

10 could remember, Dr. Harris. We will get right to

1.1 you. I am confused on the views, and perhaps it is

12 my problem only. I am looking at the drawings in P-29

.13 that we have been discussing. I understand the overhead

( .14 view but the enlarged views state that these are

15 side views looking out from inside. Yet when I

.16 compare that to the photograph. it doesn't aopear as

.17 if one would be looking f rom the side. Would you

18 help me a little bit.

19 DR. SWANGER: What we mean by the inside

20 looking out is if you were right here in the middle

21 of the piston looking toward the outside of the

22 piston, that is looking right in the same direction

23 this photograph was taken. Then view number 2 shows

C) that if indication is off to the lef t-hand side of\_ 24

25 the lip, and the way we have located it on figure 3

- - .- _ ._ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ . _ _ _ - , _- _ _ _ . _ _
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waga .1 it is off to the lef t-hand side of the exact center

2 of the lip if you were looking at exactly from the

{} 3 center of the piston.

14 JUDGE BRENNER: Thank you. That helps.

5 Dr. Harris, please.

6 DR. MC CARTHY: In this picture, in our

7 report, figure 3-3, sometimes you see people make ashtrays

8 out of pistons where the head is down and the open

9 bottom of the piston is up. It is exactly that same

10 sort of view. You are standing in the center.

11 DR. HARRIS: Turning now briefly to the

12 discussion of the stress load in the area of the

13 machine induced indications --

b
s. / 14 0. Before you do that, Dr. Harris, if I

15 could just ask a clarifying question. In figure 3-3.

16 the circled area there, is it specifically meant to

17 refer to the crack-like indications in the R5 engine

18 or is it meant to show where the lack of crack or
.

19 something else is?

20 DR. SWANGER: Yes. The circle indicates

21 the area where the stress coat cracked, and then I

22 oriented the location of the indication on stud boss

23 number 2 relative to the center of that circle. I

(
.\ 24 indicated that the crack-like indication is at

25 coordinates 7/8ths of an inch to the right of the*

|
__ - _ . .__ . - . ~ ._ - _-_. . ~ . - - . _ - _._ _ _
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wago l center of the circle and 3/8ths of an inch below the

2 center of the circle.

Di 3 0. But this photograph is not a photograph
. \.)

4 of the R5.AE skirt, is that correct?

5 DR. HARRIS: That's correct.

6 0. Go ahead. I wanted to clarify that.

7 JUDGE MORRIS: While we are on that,

8 gentlemen, can you tell me the soproximate diameter
,

9 of that white circle, what it represents?
i

.10 DR. SWANGER: Do you mean to scale or

1.1 what it would measure on this photograph?-

12 JUDGE MORRIS: What it would represent in

13 real life.

() .14 DR. MC CARTHY: Approximately a half

15 inch. It is a half inch to 5/8.

16 JUDGE BRENNER: Dr. Harris, you may

' 17 answer.

18 DR. HARRIS: Thank you, Judge Brenner.

19 Turning to figure 4-4 of the piston

20 report, this figure provides a summary of the ,

2.1 results of the . finite element analysis on AE piston

22 skirt, and the different colors in this finite

23 element model depict diff erent stress levels within

() 24 the skirt.~ . Backing up for a moment, I should point

25 out that this model is a 1/4th of a complete piston,

!

j

e

- , - - - , . . . , - - , . --,,-...,n,--n.n ,- - . . ..-- - -,,n,.n_,,m,--,,, ,---..,,-.,.n,.m,,.,_,- -_ ,.-,-.-n-,.,-. ,
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wiga J one quadrant of a complete piston. Due to the

2 symmetrical nature of the piston and the symmetry of

f) 3 the loading, you can break the complete piston up
v

4 into quarter segments and analyze just one quarter.

5 From the results for that one quarter, you can determine

6 where the stresses are in the pistons.

7 The various colors on this photograph

8 provide information on the stress levels. You can

9 see that the colors vary all the way from a fairly

10 dark brown-to a very light blue. The stresses are
,

11 highest at the very dark brown position as indicated

12 by the numbers to the right of the color scale on

13 this photograph. You can see down close to the stud

14 boss region but over where the stud boss meshes into

15 the wall by the wrist pin that the stresses are

16 quite high. This is where the dark brown colors are.

17. That point corresponds to the point at which the

.18 stress coat crack that was shown in figure 3-3 that

19 we discussed a moment ago appears.

20 Hopefully it is apparent where the hole

21 1.s. There is a hole that goes down through the --

22 in this case the bottom of the skirt. That's the

23 hole that the stud protrudes through. Then you can

( 24 see a horizontal landing area arouad that hole which

25 is the region in which the Belleville washer is

. - .- . _ _ . . _ _ ._ - - _ - , ..
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enga J seated upon. You then proceed around the lip of

2 this horizontal surface and you can come around to

(m 3 approximately the point that Dr. Swanger indicated
d

4 that the indication was, and you find that this

5 corresponds to the very light blue. Looking over on

6 to the color scale on the right-hand side of this

7 figure, you can see that the very light blue is the lower

8 stresses of any of the stresses depicted in that

9 color scale.

10 This shows that that indication was

1.1 located in a region of relatively very low stress.

12 0. Is that true, Dr. Harris, with respect to

13 the crack-like indications that are identified as

() .14 numbers 3 and 4 as well as number 27

15 DR. HARRIS: Yes, Mr. Dynner.

16 0. Was this area as depicted before in

17 figure 3-3 of the piston report, is this one of ,the

.18 areas that was highly polished in the R5 skirt?

19 DR. MC CARTHY: It is our understanding

20 that the general area was polished uo. We wouldn't

21 use the term " highly polished ", but it was smooth.

22 0. Did you conduct -- and by you I mean Fa AA

23 or anyone on the panel, if you know -- did you

() 24 conduct a dye penetrant examination in eddy current

25 test of the R5 AE skirt that we are talking about

__ _ _ _ _ _ _ - _ _ _ __ _ _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ - _ . - - . _ . _ _ . . . _.
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t wnga 1 before it ran for 622 hours?

2 DR. JOH14SDN: No, we didn't run any kind

3 of test, non-destructive examination on these areas

O-
4 before they were run. Neither penetrant nor eddy

'

5 current.

6 0. If you didn't run an eddy cu rrent test

7 before the run and if you know that area was highly

8 polished, or polished, I am interested in the basis

9 for your conclusion that these crack-like

10 indications were the result of some machining error

1.1 or operation rather than the possibility that they

12 .were the result of stress or operation of the AE

13 skirt in the R5 engine.

(]) 14 DR. HARRIS: I would like to start out .

.15 answering that question and quickly pass off to Dr.

16 Johnson. The results of the stress analysis

17 indicate that they were not meeting the crack

18 initiation criteria in that very low stress region based on

19 the stress analysis. We would not expect to see any

20 cracks initiated in that region. They would be

21 much more concentrated over where the high

22 stresses are.

23 Dr. Johnson, I believe, hes some other

() 24 words he would like to add.

25 O. You understand my question. I know you
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wega 1 didn't expect to find it there. My question then is

2 how you came to the conclusion that these crack-like

3 indications were the result of some machining or

4 manufacturing operation after they had been polished

5 and not the result of the operation of the engine?

6 DR. MC CARTHY: I guess I would say I'm

7 extremely confident that these indications were not

8 the result of operation but fabrication because we

9 have seen very similar indications in as-fabricated

10 pis tons . What you are looking at is a very thin

11 edge that results from the way the stud boss is

12 machined outboard, and it is not relevant in any way

13 to the strength of the piston, and more important.

/~
()T J4 it is not just that we don't expect cracks to grow

.15 in this area. This is, in fact, one of the lowest
,

16 stressed areas in the whole piston. There is no

17 conceived indication that that could conceivably grow.

18 0. I understand you said two things there,

.19 Dr. McCarthy. You said you have seen similar

20 indications in as-fabricated pistons. Which ones

2.1 are you talking about?

22 DR. MC CARTHY: In the ones that were

23 delivered to the Shoreham Power Station. When we

t'~
( ,, 24 inspected these at TDI, one could occasionally see

25 very thin line machine-induced indications in the
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wcg2 1 outboard area of the stud boss. Any such

2' indications we removed required a minimal amount of

3 touching up, and they were gone. They are just not-

4 in any conceivably related structural part of the

5 engine. They are just an artif act of manuf acture.

6 0. How did you remove the indications in the

7 . edge fabricated pistons you saw at TDI?

8 DR. JOHNSON: Failure Analysis did not

9 remove those. TDI removed them under the supervision

10 of LILCO's OA representative, and they used a grinder.

1.1 a surface grinder to remove the source of the

,12 indication prior to shipment.

13 0. You just polished them out?

() 14 JUDGE BRENNER: Mr. Dynner, while they

15 are conferring, after the answer, I think it is

16 about time to take a break.

17 MR. YOUNGLING: TDI used a simple pencil

.18 grinder to grind the indications out.
, .

.19 0. A pencil grinder? Do you want to pisase

20 help me out with that?

21 MR. YOUNGLING: A small tip grinder to

22 get down in the area.

23 0. What was the nature of the abrasive

() 24 material on the grinder, if it was abrasive?

25 MR. YOUNGLING: I don't know.

,

,-, ., -. , . , . , - ~ - - - ---. - -. , ._.. ,, ,n , , . . , , , ,-.---.,.-._e., , - - . - . - - . , . , , . , - - , - - . . - - . , , , ,
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,waga- 1 JUDGE BRENNER: He will take a break-at
: 1

j' '2~ this point and come back at .ll:10. |

.

3 (Recess taken) -
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' wtga i JUDGE BRENNER: We're back on the record.

2 I'm concerned about the time estimates. It is 11:15.

3 We're going to break at noon for lunch and then come(')
4 back at 1:30.

5 Are you ready at -- excessive side thrust

6 yet?

7 MR. DYNNER: Almost. '

.

8 JUDGE BRENNER: How long do you think it

9 .would take you to finish the excessive side thrust

10 and tin plating which would be sub-parts B and C of

11 Part 4 that you mentioned?

.12 MR. DYNNER: If things go the way they've

13 gone this morning the rest of the day, f rankly. I

14 don't want to criticize the witnesses, but as you

.15 know there have been enumerable conferences and

.16 lengthy periods of time where the answer is given to

17 a question and I realize that the material that

18 .we're dealing with is complex and I don't want to

19 criticize the witnesses, but it has taken a lot

20 longer than I ever anticipated.

21 JUDGE BRENNER: Within reason. That's a

22 fair comments however, if we're going to be fair

23 there are also times when you take some detail out

24 of an answer either because somebody is handing you>

25 a note and you may think it's interesting at the
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w ga i moment or I think it's interesting at the moment.

2 and it turns.out to be a nonmaterial point that

- (') 3 you'.ve been off on it for 15 minutes when if you had
V

4 more directly asked the question that you were

5 trying to get to, we would have found out it was

6 nonmaterial.

7 What I'm saying, Mr. Dynner, you have a

8 better view or are in a better position to exercise

9 a decision as to what's material to the issues

.10 before us in controversy as distinguished from a

11 technical person's point of view of something that

12 may be technically interesting or technically.

.13 inconsistent but is going to really turn out to be a

(O_/ 14 difference without a distinction. -

15 And I don't think we're prepared to give

.16 you the rest of the day to complete your

17 cross-examination.

18 My view of reading the cross plan and

19 what you can more importantly get to is that you

20 .should be able to finish it in about two-and-a-half

21 hours, so what we'll do is we'll -- I'm allowing

22 about 15 minutes for you to work up to those two

23 topics because you said you were almost there, so

O( / what I would say is we're going to direct you to24

25 complete your cross-examination of this panel hy two
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ccgo I hours after we return from lunch, which would give

2 you a total of two-and-a-half hours, maybe a little

(~ 3 more to get there sooner than 15 minutes. We'll

- v}
4 re-evaluate the situation. If my present view turns

5 out to be. wrong based on the value on efficiency on

6 your part of everything you've asked up until that

7 point, but as of now, that's where we'll stop you so>

8 you have to assume that you'll be stopped then. And

9 if there has been a problem with length of answers

.10 and so on in the time f rom now on, we'll take that

11 into account, but as I said, right now we will

12 assume that we will require you to complete the

13 cross-examination of this panel by two hours after

() 14 our return from lunch.
.

15 Why don't you proceed at this ooint.

16 BY MR. DYNNER:

*
17 0. Gentlemen, did TDI do an eddy current

18 examination or a liquid dye penetrant examination

.19 of the AE piston skirts in the R5 engine before they

20 started their 622 hour run?

21 DR. SWANGER: We don't knod whether they

22 did or not.

23 0. How many AE piston skirts were in the R5
s

rx(-) 24 V12 engine at the time that you selected the two AE
.

25 skirts for examination?
.

,- -. - -..- , ---- - _ , , , ,4, .,.,-----~-.,,,~,.--.,y_ .-.----.-_--.-e..--.- .y---. y_. -..-.-----.-v--- . . - - . < , , , -
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w ga .I DR. SNANGER: The pistons were already

2 out of the engine at the time they were made

() 3 available for our analysis.

4 I believe that there were only two AE

5 pistons in the R5 engines as part of a development

6 experiment.

7 0. Are you aware of an incident with the R5
J

8 engine in which a portion of the cylinder liner

9 broke lof f and fell into the crank case?

.10 MR. FARLEY: Objection. Irrelevant and

11 i mmate ri al .

12 JUDGE BRENNER: You're going to have to

.13 explain that objection to me. Mr. Farley.
tbss .14 MR. FARLEY: I don't think it's relevant>

,

15 to any of the contentions. Your Honor. Or to what's'

.16 been discussed about the R5 engine. .

J7 JUDGE BRENNER: Wasn't it relevant to the

18 contention that the FaAA analysis depends on an

19 ideal situation which is not valid for the actual
20 conditions which may be experienced by the Shoreham

2.1 diesel?

22 MR. FARLEY: 1 think we've demonstrated
.

23 that wasn't the case.'

24 JUDGE BRENNER: I don't understand. I'm
<

25 going to overrule the ob jection.

i

'

4

- _ _ - - _ - _ _ _ _ . . - _ _ _ _ . - . _ - . . - . _ - - _ . - - _ _ _ . - - _ . _ . - . . . . _ . . _ _ . - _
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tcg2 J I'll add that I believe it's apparently

2 relevant, at least at this point, because your

3 witnesses are relying on the experience with the R5{}
4 engine to justify the fact that the expected

5 experience in the Shoreham engine will be acceptable

6 and will not be inconsistent with the assumptions in

7 the analyses leading to the predictions by your

8 offices.

9 You have a question?

.10 DR. SWANGER: If Mr. Dynner would repeat

11 it It would be helpful.

12 0. Are you aware of an incident in which a

.13 portion of the cylinder liner in the R5 engine broke
O
's_/ 14 off and f ell into the crank case?

'

15 DR. SWANGER: Yes, I have heard a little

'

16 bit about that incident.

.17 0. Could you briefly describe -- retract

18 that.

19 Did that incident involve in any way the

20 AE pistons in the engine or liners which were in the

21 cylinders that were using AE pistons?

22 DR. SWANGER: There were only two AE

23 pistons of the type similar to those delivered to
p) 24 LILCO in the R5 engine, and neither of these A.E
m.

25 pistons were involved in any incidents involving
i

__________ _ ____ __ _ _ __ _ _ _ _ _ _ _ - -
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| c:ga 1 cylinder liners. Had they been, those oistons would

! 2 have suff ered extreme distress, would not have

({} 3 looked the way they did.

| 4 0. Do you know what kind of piston was

! 5 involved in that incident?

| 6 JUDGE BREN'4ER: Now. Mr. Dynner, yo'i're

7 going to have to tell me why it's material.

! 8 .MR. DYNNER: It might have been an AE
!

L 9 piston. He said it wasn't only the ones that he

10 looked at.

1.1 JUDGE BRENNER: Maybe I can add one and

12 one as well as other people, but he said there were
i

|

13 two and he looked at the two. ,

14 Maybe I can't add.

15 MR. DYNNER: But at the time that they

I 16 selected those two to be tested he said they were to

j 17 his knowledge two.

| 18 I don't know whether it's an AE piston or

|
19 AF piston or what but if he doesn't know, that may!

| 20 be significant.-

! 21 JU3GE BRENilER: He said it was not en A2

22 piston and anything further is going to be
|

| 23 immaterial.
! (~')| k- 24 MR. DYNNER: I don't think he said it

25 wasn't an AE piston, sir. I think his answer was
!

.

!

_ _ _ _ _ - _ _ _ _ _ -_.
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ccg3 .1 that he doesn't think it was an AE piston because if

2 it had -- the two AE pistons they examined had no'

3 damage and they would have had damage if they had

4 been the ones involved.

5 JUDGE BRENNER: Dr. Swanger, were there

6 ever any other AE pistons ever run in the R5 engine

7 from which you removed pistons or from tha engine in

8 which the cylinder liner incident occurred beyond

9 the two that you looked at?

10 DR. SWANGER: No. Those two pistons vere

11 the only AE pistons ever tested in the R5

12 development engine.

13 0. Was any evidence of scuffing of the

() 14 skirts or fretting of the AE piston skirts from the

.15 R5 engine noted by you? ;

lo DR. SWANGER: I believe your question

k
.17 referred just to AE pistons. Is there any soecific

18 AE pistons you're interested in?.

19 '4R DYNNER : Yes.

20 0. 'Yes. I stated in the R$ engines.

21 DR. S4 Ai!GER : I have discussed this ceint

22 with Donald Johnson who inspected the pistons and 1

23 have reviewed the photographs that Don Johnson took

() 24 of those pistons, and I saw no sviderice of seuf fing

25 or f retting on the AE pistons f rom the R5 engine.

,

h. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . .
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| w;go .I JUDGE BRENNER: Dr. Swanger. could you |

L -2 ,tell me what you mean by the term f retting on the

! 3 . piston?

f 4 DR. SWANGER: Fretting is the result of

L 5 small amounts of relative motion between two metal

6 surfaces which results in the transfer of metal from,

7 one metal surface to the other. It's recognizable
,

8 by a roughened condition of the surface relative to

9 its original appearance. -

10 JUDGE BRENNER: Could you compare that to

11 scuffing -- in my own mind I thought scuffing was a

12 roughened condition of the metal.
i

!

! 13 DR. SWANGER: Scuffing is the result of

() .14 large relative motions between two metal surf aces,

! 15 such as when a piston slides up and down 21 inches

16 inside the cylinder.

17 Fretting would refer to niotions on the

.18 order of a few thousandths of en inch relative to
19 each other.

20 0. Gentlemen, do you know whether DeLaval

21 tested the AE piston before supplying it to
I

22 customers in the field?'

23 DR. SWANGER: DeLaval conducted at least

! () 24 two engine tests of the AE skirts. These were the

25 tests of two AE skirts in the R5 engine and also the'

j

|

|

|

!

)
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w;ga 1 placement of AE piston in the engine at Kodiak

2 Electric was a test of the engines conducted jointly

3 between TDI and Kodiak for the purpose of evaluating

4 the AE piston design.

5 O. Is it your testimony that that testing

6 was done by DeLaval before supplying the As piston

7 to customers in the field?

8 DR. SWANGER: As I had testified earlier,

9 by supplying the pistons to Kodiak we do not

10 . consider supplying pistons to a customer in the

11 field. TDI has a special relationship with the

12 Kodiak Electric Association in which their engines

13 are designated as lead engines for the purpose of
D
' _) 14 gathering test experience for TDI.

-

q

15 Also, it is our information that the A2

16 pistons were put into the R5 engine for test

17 purposes about the same time that AE pistons went

.18 into the Kodiak engine and they had been
,

19 successfully tested and removed from the R5 engine

20 orior to the delivery of pistons to LILCO.

21 I believe Mr. Youngling can give vo's

22 further information about delivery of AE pistno to

23 customers.

O)(_ 24 MR DYNNER: I don't want further

25 information. I just want to know whether that's
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c:gn .1 your answer.

2 JUDGE BRENNER: All right. He's answered

'N 3 the question. I'm beginning to worry about the
jJ''

4. materiality of this line if I let it go too far,

5 unless it gets tied into something specific. We

6 discussed that --

7 MR. DYNNER: I have a few questions to

8 ask concerning their testimony regarding the

9 importance of the testing of the operation of the AE

10 piston skirt in the R5 engine and at DeLaval and |

11- their testimony regarding it at Kodiak.

12 JUDGE BRENNER: Well, I know. You've

13 been asking questions about that, and you can go

(/
*

.14 ahead. Maybe I'll ask you on your cross plan --

15 MR. DYNNER: Right now I just jumped

16 outside of the cross clan for a minute to ask a fev
17 questions and 1 think the pertinence will oc quickly

.18 obvious.

19 JUDGE BRENNER: It's too abstract to be helpful.

20 I don't want to hear about overall testing that was done and

21 what testing was first. Ask him about the -- tie it up to

22 the particular point. For example. I don't know if you want

23 to talk about side thrust load with that question or tin

A
(_) 24 plating or Part A of Part 4 of the contention. so you're

25 going to have to be more specific in your questions.
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; c=g a I Q. Does the testing that you alluded to give

2 you confidence that the AE piston will last the

3 lifetime -- or it will have unlimited. lif e?{}
4 DR. SdANGER: Yes. The test experience

5 with the pistons confirms our conclusion that cracks
,

6 will not initiate or propagate. It also adds to our

7 opinion that there is no problem associated with the

8 friction wear or lubrication of these skirts and we'

9 f eel very strongly that this is important evidence

10 and confirmatory evidence that these pistons will

11 fulfill their intended function at the Shoreham-

! ;

.12 Nuclear Power Station.

13 DR. PISCHINGER: I think I could add to

() .34 this question.

.15 This AE piston is from the development of <

16 the previous AF pistons, modified AF piston, and

17 from a diesel engine engineering man's coint of view.^

.18 this is a minor design modification which had been

19 taken and the design modification is in the -- in

20 all -- in each respect in improving or in ;

21 strengthening of this piston skirt. and it is clear'

22 that in such a case, and it's general use and
.

23 it's practice in the industry that you rely on the-
,

() - 24 orior experience with the model from which you derived4

25 this piston.

,

i

. , _ ,....,m._ - . _ . - . _ . _ _ . . _ _ _ _ _ _ , , _ . . . _ _ , , _ _ _ , , _ , , _ _ _ _ _ . . _ , _ . , , , , , _ , . ~ , . _ _ _ . . , _ . _ , . . - - . , _ _ _ _ , , . , _ . . . . _ , _ - - . . _ _ . . _ . . ,
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w ga 1 That means that you have to take into

2 account the prior experience with the AF piston, and

3 that very . wide experience with several hundreds of(-(
4 pistons have been delivered and there's a lot of

5 tens of thousands of hours that have been run with

6 this AF which is the DeLaval AF pistons without, to

7 my knowledge, as when I visited the DeLaval in

8 February, without to my knowledge any unfavorable

9 events which can be related to this AF oiston.

10 The only reason why there was a design

11 change was that there could -- cracks could be seen

.12 in the stud r.egion, but these cracks didn't lead to .

13 any consequences to the engine.

() 14 It is in -- it is common use in the'

15 diesel engine industries that in such a case you

16 take a further development step, but you rely on all

17 the other experience. The outside of the piston

18 remained completely the same, the ring oortions.
.

.19 taking into account what has been investigated by

20 FaAA and the pre-experience with the AF pis ton tha t

21 there is additional evidence that this oiston will
22 last and do the requirad -- or fulfills the required

23 functions.
,

( )) 24 0. Well, based on that testimony. Dr.

25 Pischinger, evidence of failures of AF oistons would'

__ _ _ __ _ _-___- _. _-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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crga 1 be relevant to your analysis of the quality of the

2 AE pistons isn't that true?

3 MR. FARLEY: Objection, your Honor. It

4 doesn't necessarily follow.

5 JUDGE BRENNER: Well, let the witne ss
.

6 explain why or why not.

7 DR. PISCHINGER : Let's say failures which

8 couldn't have been addressed by this design change.

9 O. Have you done an analysis of all the

10 failures of the AF pistons in order to determine

11 that they have been effectively solved by the change

.12 in the design, Dr. Pischinger?

13 DR. PISCHINGER: No. I only have

(]) 14 -knowledge that a number of engines have run for

.15 thousand, tens of thousands of hours without piston
.

.16 failure.

17 of course, I am aware that this is only

.38 information which I got f rom -- at my visit at TDI,

19 if this is reliable, yes.

20 0. Dr. McCarthy, would you turn, clease, to

21 page 55 of your testimony for a moment.

22 I believe you alluded to this earlier in

23 answer to one of my questions, and I'm ref e rring to

() 24 your answer o7, particularly at the botto:a of page

25 55 continuing to page 56, to where you refer to the

_ _ _ _ _ _ _ . _ _ . . _ . _ ,_
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trga i fact that, information contained in the Iron

2 Castings Handbook by Walton and Aupar. 1981 page 341,

3 Exhibit P-29 shows that the cyclic stress for

U<s
4 cracking in ten million cycles is 93 percent of the

5 cyclic stress for cracking in 1.35 million cycles,

6- scatter of seven percent on stress is commonly

7 observed in fatigue data. Therefore, it is likely

8 that cracking indications would be observed in the

9 population of inspected stud bosses if they had been

10 operated for a 1.35 million cycles at stresses above

il the endurance limit.
'

12 Now, does that statement refer to the

.13 comment that you made earlier about steel, which you ,

() 14 also said applied to nodular iron?

15 JUDGE BRENNER: Didn't you ask that

16 yesterday and get the answer?

17 MR DYNNER: No, I didn't. He made a

18 comment about it. I never asked a question about it.

.19 JUDGE BRENNER: No, I mean, did you then

20 follow up and ask him, make sure he was talking

21 about steel, why that ref e rred to this question?

22 MR. DYNNER: Sure. I want to make sure

23 that this written testimony is what he was ref erring

() 24 to yesterday.

25 JUDGE BRENNER: That's not what you asked,

.
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w gn i though.

I 2 MR. DYNNER: I think I did..

,

3 I'll rephrase the question.e(s,

4 JUDGE BRENNER: Why don't you just --''

, 5 draw it up. I'm sorry. I may have lost your point.
:

6 You asked him yesterday why, if he was talking abou't

7 steel, we should be concerned with that and he said

8 if he said steel he didn't mean to say it. He meant

9 to talk about f erritic material in general and that his

10 answer ref erred to metal.

11 0. I just want to clarify, does this

I .12 statement ref er to steel?

13 JUDGE BRENNER: What statement, answer 877

I4 MR DYNNER: The one that I just read in(
#

15 quotation.
l

DR. M0 CARTHY: The phenomena I described.16 -

17 earlier discussing a stress level at which

18 f erritic materials exhibited unlimited lif e is

( 19 characteristic of both iron and steel. The specific

20 numbers and referenced exhibit on page 55 -- by the

21 way, it should be Exhibit 28. not Exhibit 29 is for

1 22 the iron as reflected in the iron castings handbook.
!

,

23 0. Do you know what the cycles. the millions

() 24 of cycles approximately would be for steell

25 1.35 million cycles for cast iron. What

|

_.,___.-__-m- . _ - _ _ . -
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cigo I would be the approximate number of cycles for stael?

2 DR. MC CARTHY: The dif f erence f or all

3 f erritic materials, the di ff erence between the-s

4 stress level for failura between one million and ten

5 million cycles and infinite life is a few percent.

6 In this particular case, it's seven percent for this

7 iron. It would not be uncommon to see steels range

8 from five to less than ten. It would depend on your

9 exact material, but it's always a few percent.

10 0. Then it's true, isn't it, that based uoan

11 this testimony, it would have been highly unlik ely

12 or unlikely for the crankshaf t on diesel 102 to

13 breaks isn't that true?

14 DR.* 40 CARTHY: Perhaps I missed[ 'i
15 something in my previous answer. I don't re;nember

16 discussing the probabilityt however, that's an

17 excellent point. We ran three crankshafts. one

18 broke, the other two cracked, and they were all

19 within a few percent of their endurance limit. They

20 had enough strength to get then into the one million

21 to ten million cycles, but didn't have enough to got

22 past ten million, and it wasn't that one

23 crankshaft failed and the two came out looking

24 cherries. On the contrary, the physical laws,

25 applying to crankshaft apply just as well to pist,ns.

- -- . _ _ . .
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waga 1 You found one f ailed crankshaf t and when you pulled

2 the other ones out you found crack indications on

3 both of them.,- s

!,

4 Just a textbook example of how reliable\~

5 this particular theory is.
*

6 Q. Yes. And you have confidence that wouli

7 take care of that seven percent factor if you ran

8 the AE pistons in the Shoreham engines for ten.

9 million cycles, wouldn't you?

10 DR. MC CARTHY: Once again, maybe I

li missed something. Not one but all three pistons

12 having been run into this seven cercent range --

.13 excuse me, not one but all three crankshaf ts run
.

14 into this very narrow seven percent boundary had
( })

15 cracks. Now, we have run 80 fillets, 40 piston

16 bosses into this same range and we not indications

17 on three of three crankshafts.

18 Now, one can do a probability calculation

19 of what you -- what events would have had to

20 transpire where three of three crankshafts showed

21 cracks, indeed one failed and the other two had

22 cracks and yet turn around and run 40 of 43 oiston

23 bosses without a single indication. Of course. the

I''') 24 odds are vanishingly small and it's just
u

25 confirmation that the piston as we've indicated
|

.

!

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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c go I before is not going to crack or prooagate.

2 0. Would you answer my question which was

3 that if you ran the AE piston skirts in the Shorehim

(')%x_ 4 engines for ten million cycles. that would give you

5 the confidence to take care of the seven percent

6 differential in your test that's referred to in your

7 testimony at the bottoT of page 55 and the top of

8 page 567
.

9 DR. MC CARTHY: On the contrary because

10 we ran so many, I have high confidence that there's

11 nothing in the seven percent value that needs to be

12 resolved.

13 If nothing else, the cranks have
.

14 demonstrated that. Th ey ran ---)
~

15 O. I'm talk'ing about piston skirts. So rry .

16 That possibly isn't --

.17 JUDGE BRENNER: Let hin finish his answer

18 because you drew an analogy, and I think he's
'

19 continuing with that thinking.

20 DR. MC CARTHY: The three cranks were run

21 into exactly this range --

22 JUDGE BREN1ER: Let's say crankahafts.

23 DR. P!SCHINGER: Crankshafts.

rs 24 DR. M0 CARTHY: Yes. I'm so rry. You're
L]

25 correct. The three crankshefts were run into this

,

_ _ . - _ _ . - _ . - _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ - - - _ _ _ . - - _ _ _ _ - _ . _ _ _ _
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waga 1 range. They all showed crack- like indications. In

2 fact, one failed.

3 Once again demonstrating that if you take{}
4 a part that is above its endurance limit into this

5 one million to ten million cycle range, you would

6 expect to see some crack indications.

7 The crank -- once again -- the

8 crankshafts demonstrated this phenomena.

9 Now, let's turn around, take what we've

10 learned from crankshafts in these engines at

11 Shoreham and apply it to pistons.

12 We now run 40 oiston bosses. 80 stressed

13 areas into exactly the same range and see not a
*

7s
( _) 14 single relevant indication.

.15 Q. Do you know how many millions of cycles

16 the crankshaf t on an engine 102 was run before it

.17 broke, a pproxima tely?

.18 DR. 40 CARTHY: It's a f ew mi llion --

19 it's a few million - .just one-second.

20 0. I think if it would help you, Dr.

2.1 McCarthy, as I recall, and anyone in the panel can

22 correct me, I think it was about 630 hours as I

23 recall. Mr. Seaman or Mr. Youngling will probably

( 24 know the exact figure.

25 DR. S.1 ANGER: The hours that are

.

-. . .
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wr.g3 .I significant to the fatigue analysis are the hours at

2 full load where it collects stress cycles at the

3 maximum cyclic stress. EDG 102 hed run about 250
_

\~# 4 hours at full load, so that is the relevant number.

5 O. How much is each of the piston skirts run

6 at full load at Shoreham?
,

7 JUDGE BRENNER . Maybe I'm wrong. I

8 thought they were going to complete their answer and

9 give you cycles.

10 0. I'm so rry. I thought they had completed.

Il Go ahead, please

12 JUDGE BRENNER: If you still want it.

DR. ,r CARTHY: In answer to yourM13

14 question, 3.4 million cycles at full load.{}
.15 O. Thank you.

16 And how many hours has each of the -- or

17 how many hours have been accumulated on the most

18 utilized piston skirt at Shoreham at f ull load. if
.

19 you know?

20 JUDGE BRENNER: On the AE piston skirts.

21 0. The AE piston skirts. yes.

22 DR. M0 CARTHY: On EDG 103, the most

23 highly utilized AE piston skirt has gone 1.35

(~T 24 million cycles af ter which it was inspected.
w/

25 Additionally, and currently operated AE piston skirt

.

. _ . - - _ , - .. . - - , , ... -- -, - - -. .
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wega i in EDG 103, eight of them have'gone 1.75 million

2 cycles and are still running, but haven't had a

3 subsequent inspection, but are still performing and
,

4 service fine.

5 MR. DYNNER: Judge Brenner, I am ready to

6 go on to excessive side thrust if you wish to break

7 a little early for . lunch and then we can go straight

8 through if that's convenient for the Board.

9 JUDGE BRENNER: Let me ask one clarifying

10 question.

11 Dr. McCarthy, you've ref erred to the f act

.12 that there are eight fillets involved. I guess, on

13 each piston, if I've got it straight. Did you mean

/~T 14 welds when you said fillets or did you mean
L.)

15 something else?

16 DR. MC CARTHY: Did I say welds?

17 JUDGE BRENNER: No. You said fillets.

.18 What do you mean by fillets?

.19 DR. MC CARTHY: I'm sorry. In the area

20 where the stud boss blends into the wall of the

21 ciston, because of the geometry there, there are two

22 areas that have been termed fillets. They're much

23 less pronounced on the AE design than on the AF

(~J')
24 design where we started talking about fillets, and

~

25 thus I've always been -- I've tried to be consistent

|'
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wngo I in distinguishing boss areas and then fillet areas.

2 JUDGE BRENNER: That's fine. It took me

,
3 a few days earlier in this case to know what a

k- 4 welder. meant by fillets and now I know what you mean

5 by fillets.
,

6 Let's break until 1:20.

7 (Whereupon, at 12:00 p.m., the hearing

8 was recessed, to reconvene at 1:20 o.m.,

9 this same day.)

10 AFTERNDON SESSION

.11 JUDGE BRENNER: Mr. Dynner. I guess

.12 you're going to pick up on page 14 of your cross

13 plan, excessive side thrusts.

14 MR. DYNNER: That's correct.
}

15 CONTINUED CROSS-EX AMINATION

.16 BY MR. DYNNER:

17 0. Gentlemen; please turn to page 58 of your

.18 testimony.

19 Dr. Pischinger, in your answer to

20 question 92 at the bottom of the page, you state

21 that --

22 DR. PISCHINGER: Could you give me just a

23 minute?

24 0. Certainly. Page 58 of the LILCO direct
[}

25 testimony.

4

--- w .y~ - . , , , . . _ _ . - , . . - --..%., - e -- , - ,, -- - . - , - - - , - - -
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wago 1 DR. PISCHINGER: Yes.

2 0. In your answer to question 92. you state

3 that in current diesel engine design side thrust.

('_) ' 4 the excessive side thrust related by the County is.

5 simply not a consideration.

6 What current diesel engine design were

7 you referring to in that statement?

8 DR. PISCHINGER: Diesel engine designs at

9 least back-dated to the mid-sixties.

10 0. Would you specify the engines, the design

11 of which you were referring to?

12 DR. PISCHINGER: I do not want to specify

13 a certain engine to which this refers because I know.

14 in the state of the art that it ref ers to all
(}

-15 engines.

.16 0. So is it your testimony that since 1966

17 no diesel engine design considers side thrust?

18 DR. PISCHI NGER : Yes. Side thrust is no

19 special concern. I.can explain to you, if you want,

20 why.

21 0. Are you familiar with diesel engines

22 manufactured by Sulzer?

23 DR. DISCHINGER: Yes.

24 0. Is side thrust a consideration in the(})
; 25 design of engines manufactured by Sulzer since 19667

.

f

i

-.> - - - - - - . ,.n -. , -.,-,,,,,. - _ ,,_ e.,em..,v,._,,.,.-w, ,_,,.,,.n, - - ,~-v--,-,-g -.em-, -.-- ,- --
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wage ! DR. PISCHINGER: I have to add that as we

2 are talking on four strokes, I only ref erred to four

3 strokes.n

L)
4 0. Four stroke engines?

5 DR. PISCHINGER: Four stroke engines.

6 0. Are you --

7 JUDGE BRENNER: Are you trying to tell us

8 that the Sulzer engines are not four stroka engines?

9 DR. PISCHINGER : They have both types.

.10 0. Is side thrust a consideration that the

11 design of the four stroke Sulzer diesel engine?

12 DR. PISCHINGER: As is worked out in the

.13 testimony,, side thrust is no concern as long as

14 proper lubrication is provided by the design and
(]])

15 that is the cas.e with modern design of diesel

.16 engines, at least in the state when they are working
-

17 with the customers.
7

18 0. Is side thrust a consideration in the

.19 design of the four stroke Sulzer diesel engine?

20 DR. PISCHINGER: I am not aware if they

21 have the proper lubrication system.

22 0. Isn't Sulzer one of the largest diesel

|23 engine manufacturers in the world?

() 24 DR. PISCHINGER: .I t is one of the largest

25 diesel engine manufacturers.

.

. ,, , , _ , . _ . . _ -r_. - . . _ . - - _ _ _ - ,--._. , , , - -
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wr.gs ! O. And do you consider Sulzer to be a

2 manuf acturer of.high reputation and quality?

3 DR. PISCHINGE4: Yes.
f_ ,

U 4 O. Are you at all familiar with the rotating
.. ,

5 piston which is part of the design of the Sulzer

6 engine?

7 DR. PISCHINGER: Yes.

8 0. That rotating Diston is a design element

9 .which is specifica1.ly directed towards avoiding the

.10 distortion of the piston skirt caused by side thrusti

11 isn't it?

12 DR. PISCHINGER: No. The rotating oiston

13 is designed to distribute the wear of the piston

14 skirt equally on the surroundings of the piston, so'()
15 the rotating piston is a means to prolong the

.16 lifetime of a ship engine, to prolong the lifetime

17 of a ship engine. You know, ship engines of the

18 Sulzer design are expected to have the lifetines of

19 ships and lifetimes of ships are updating from

20 50.000 to 100,000 hours.

21 of course, in such an application, the

22 distribution of wear around the equal -- the equal

23 distribution of wear around the piston is -- and

24 each moving part is wearing and, of co irse, in this --()
25 in this connection is wearing according to si'fe
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wega 1 pressure. This wear is quite normal. It's not

2 dangerous in short running times, and to distribute
- 3 this wear equally over the skirt, the piston is

(~V) 4 ro ta ting.

5 DR. SdANGER: At this point, i would like

6 to add --

7 MR. DYNNER: Excuse me, if I may. Yes.

8 I'm asking these questions of Dr. Pischinger because

9 he is the sole sponsor of that testimony and I'm

10 about to follow up on this Sulzer engine.

11 JUDGE BRENNER: I'll let you follow-up

.12 but Dr. Swanger's response to 91 which is the start --

.13 MR. DYNNER: Which talks about

14 lubrication and I'm really talking about the diesel

15 engine design issue which was raised by Dr.

.16 Pischinger in his answer to 92.

17 JUDGE BRENNER: I'll let you follow up

18 and then get back to Dr. Swanger.
*

.19 MR. DYNNER: I'm going to distribute and

20 ask that there be marked for identification Suffolk

21 County Diesel Exhibit 69.

22 JUDGE BRENNER: I'm sure you're going to

23 use this one before I mark it.

24 MR. DYNNER: Yes. Which is an article---

25 f rom MOTOR SHIP TECHNICAL MAGAZINE entitled " Sulzer's
''

- - ._. - - -- . .. - --. . - . . . ._,
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wegs 1 Four Stroke High and Medium Speed Engine Range."

2 JUDGE BRENNER: What did you say this was

3 from?
rx
(,_) 4 MR DYNNER: Article.from the MJTOR SHIP

5 as identified on the first page, and it's February

6 1978, and as seen on page 52, which is the first

7 page with text on it, it is entitled, " Sulzer's Four

8 Stroke High and Medium Speed Engine Range."

9 JUDGE BRENNER: And it runs through page

.10 60?

11 MR DYNNER: And it runs through page 63.

12 yes, sir.

.13 JUDGE BRENNER: So this will be marked as
.

14 Suffolk County Diesel Exhibit 69 for identification.-

15 (The document ref erred to was

J6 marked Suffolk County Diesel

17 Exhibit No. 69 for identification. )

18 0. Dr. Pischinger, I'd like you to please

19 turn to page 60 and in the left-hand paragraoh near

20 the lef t margin is the following statament.

21 "The oistons --

22 DR. PISCHINGER: I didn't find it.

23 0. Yes. The last page in the left-hand

24 margin. It states: "The pistons of larger engines(-)
V

25 are more prone to piston seizure because of the

- __. . . _ , , _ _ , _ . . .. _ _ . _ . . . _ _ _ . _ _ _ . . _ _ . . _ ._ . , _ _
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. w;go I higher deformations involved.

2 The risk of seizure is aggravated by the

3 customer's demand for low lubricating oil

4 consumption -- and by the requirement to burn low

5 quality heavy fuels.

6 lt goes on to says "In order to solve

7 these problems and to satisfy the demands connected

8 with high specific output and good reliability, the

9 well-known rotating design piston was adopted for

.10 the Z40/48, figure 16 left, as well as for the

11 larger 65/65 engine.

1.2 The advantage of such a design is that

.13 local overheating is avoided due to the rot ary

.14 movement."

15 Now, Dr. Pischinger, does this article

36 refresh your recollection concerning the independent

17 purpose of the design of the rotating piston in the

18 Sulzer engine?

19 DR. PISCHINGER: It's one point to be

20 stated that engines of the same rating and

21 performing equivalent functions are working with an

22 unrotated piston, though this rotating piston is not

23 in general a requirement.

24 In this case of an engine as is stated
(]}

25 here which has to burn low quality heavy fuel, the

- . _ - . _ _ _ _ . - - . _ _ _ _ _ . . . _ _ _ _ _ - . _ _ . - _ . . _ . _ , - _ . _ _ , . _ . _ _ _ , _ . _
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w;ga .I well-known increased wear of this heavy' fuel coming

2 down the piston is, of course, a concern, and a
.

_
3 rotating piston may help in this respect, but this

4 is in no contradiction, when I say, and I remain-

5 with it, that side thrust -- side thrust is not

6 addressed here. Side thrust is no concern in modern

7 design diesel engines.

8 JUDGE BRENNER: Mr. Dynner, maybe I'm

9 totally in the dark. I'll let you read the part and

.10 put the question that I assumed you were going to

11 put to him and you didn't disappoint me.

12 How is anything in what you read

13 inconsistent with what he said and more -- another
_

14 .way.of saying that is, how is anything that you read
{)

15 from this exhibit remotely related to side thrust

16 load?

.17 MR DYNNER: I'll explain very succinctly.

18 As the County's direct testimony states:

19 " Side thrust is a factor which causes the

20 temperature on the piston skirt to be asymmetrical,

21- so that part of the skirt is heated whereas the

22 other side of the skirt is not heated as much."

23 As the side thrust continues and as the

{} County's testimony states, "The increase temperature24

i 25 on one side of the skirt causes deformation of the

,

I

I

|

|

|

.. _. -_ _ . - . . . _ -.. . . ..- . .. , - . -.
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wrgo 1 skirt which can lead to piston seizure."

2 lt is precisely that issue of side thrust

3 as described in the County's direct testimony which

\
4 in this article states is the -- an important

5 purpose of the design of the rotating piston in the

6 Sulzer _ engine. The article as appeared in the

7 paragraph that I read also goes on to state: "The

8 risk of seizure is aggravated by low lubricating

9 oils, but the thrust of the article and statement

.10 and. testimony goes to the fact that it is a modern

11 current diesel engine design that is specifically

12 addressed to the issue of side thrust.

13 JUDGE BRENNER: You've got to get a lot
,

14 of links in there in order to get there, and what{}
15 you just read here for identification which you're

16 using for cross-examination doesn't supply many of

17 those links. But as you said, we'll have the County4

J8 witnesses and Dr. Pischinger's testimony in answer
:

19 to your. question.

20 DR. PISCHINGER: Judge Brenner, may I add
,

21 something?

22 JUDGE BRENNER: Is it in answer to this

23 question? I didn't really have a question of you.

24 My question to Mr. Dynner was for a diff erent(]}
25 purpose. But go ahead and add it.

i

i
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wngo. 1 DR. PISCHINGER: Well, I stated that if

2 proper lubrication is supplied, the side thrust is

3 of no concern, and in this article just given to me,

O
4 there is written, "With every stroke a f resh oil

5 wetted part of the skirt is turned into load'

6 carrying 2ones substantially reducing the danger of

7 seizure."

8 That means exactly that also here is one :

9 technology for using -- for. solving this lubrication

10 problem used, but this is not the only technology in'
-

11 light of the -- that can be seen from the fact that

12 all.other er.gines in the world do not have this

13 rotating piston.

.14 JUDGE BRENNER: Incidentally, Mr. Dynner,()

.15 is this some independent magazine or something

16 published by the Sulzer Company?

.17 MR DYNNER: Independent technical

.18 magazine and it is a technical article. The authors

19 are noted as G. Luftgarten and R. Stoffel. The

20 first gentleman according to the asterisk as as

21 having development anJ design for four stroke

22 engines and I believe that's for Sulzer. The other

23 gentlemen is head of development test beds according

(]) 24 to the double asterisk.

25 DR. PISCHINGER: I know the first

_

.. .. . . . - - . .- - -._ - .- - .-, . - -_,-.- -
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w go 1 gentleman and had a lot of discussion with him on

2 this business of pistons. He's head of development

3 of Sulzer.g-
~

4 MR. DYNNER: Thank you.

5 JUDGE BRENNER: Maybe i t doesn't ma tter

6 but the company got quite a plug from the cover of

7 this magazir.z and it looks to be more like

8 advertising literature rather than trade magazine.

9 MR. DYNNER: .I don't believe that's a

10 fair comment because I think it is a technical
11 article written by the people that presumably best

32 know the engine since it's the head of development

13 design for the company as well as the head of

(')'i J4 development test beds, so I do think that the
%

.15 information in +he article is not subject to attack

16 that it's puffing or that it is written by the

17 advertising department for Sulzer. ,

18 MR. FARLEY: Judge Brenner, LILCO has an
.

19 entirely different position about this particular

20 a r ti c.l e.

21 JUDGE BRENNER: It's not in evidence.

22 MR. FARLEY: Not now. The extent to

23 which .Mr. Dynner has used it now was aporopriate, to

() 24 try to impeach the witness, which he was unable to

25 do.
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wgga 1 JUDGE BRENNER: All right. Doctor

2 Swanger, you wanted to jump in before. We'll get

| 3 back to you-now. Only if it's in answer to the
l )

'

.'
' 4 question that-was pending, and the question was .

_

5 -whether side thrust load was a design concern for

6 the Sul:er engines, and I thought Dr. Pischinger

7 answered it.
|

8 Do you have something to add?

9 DR. SWANGER: No. My comment was not

'. 10 going to dir.ectly answer that. I was going to put
,

11 this hundred thousand hours into the context at -

.

; ..12 Shoreham and.at the same time correct a
k

a

13 misconception I may have given in my earlier
.

(]) 14 testimony.

~

15 I testified that the engines at Shoreham

16 would run for three thousand hours. That three

17 .thousand hours is the amount of operation expected
.

'

1 |

! 18 af ter the plant goes on line. j

i 19 I neglected to include in that that the |

20 pre-operational testing so that the total4

21 accumulated hours on the Shoreham engines over their
'
,

| 22 entire lif e will be about 4.500 hours and the source i,

23 of this is from the affidavit of John Kammeyer ,

t

24 (phonetic) which has recently been filed.(])
25 MR. DYNNER: May I ask what the witness

,

;
t
i
i

!

4

'

|

.

1 * * s r -ve,.c.,y,, mw- ,-7-w,w,=y-m-=*,~.w,wp., ,w-,w,-,,.ye.-greewg.wgmy.,y,ey%-,mm.+-,yr-%y -y w e ww+ e v-,ww- . - w-m m ,i
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w;ga 1 is testifying relative to? Because I don't

2 understand what he's talking about.

3 JUDGE BRENaER: Well, in the first place
,_s

- 4 he said he was correctin7 a misimpression that he

5 might have given and I think he -- in terms of the
1

6 number of hours that the diesels were run, and I

7 guess he was concerned that comparing the number of

8 hours of shipment engines as testified to by Dr.

9 Pischinger would make the wrong comparison if we

10 went back to Dr. Swanger's earlier testimony.

I'1 MR. DYNNER: That would be appropriate

12 for redirect examination. I think.

13 JUDGE BRENNER: Well, i t would he, but we

{} also give witnesses flexibility to correct something14

15 when they may have made an error, which error may be

16 leading to another question on its As to the rest

17 of what he had to say would have been more

18 appropriate for direct.

.19 DR. MC CARTHY: May I just add --

20 JUDGE BRENNER: No. Let's wait for

21 another question.

22 0. Dr. Pischinger, in connection with your

23 answer to question 92, I'd like to ask you whether

24 the side thrust load is an -- a critical parameter(}
25 of the Mirrlees XV12 engine.

_ _ - - - _ , . _ - - _ . . . . - - . _ . _ - . - . __ . . - - _ -
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wega 1 DR. PISCHINGER: You mean in light of

2 .what has been said now, you mean if I know if the

3 lubrication of the Mirrl.ees engine piston is done
g3
V 4 that way that, as usually, side thrust is no concern.

5 As far as I know, Mirriees engine --

6 could you repeat the --

7 0. The KV12 I was referring to.

8 There are thousands of engine

9 abbreviations in the world, so if I remember right

10 what the KV12 is, I think this engine is a good

11 engine.

J2 0. It's a good e.igine?.

13 CR. PISCHINGER: Yes.

14 0. Who is Mirriees, are they one of the(])
15 largest diesel engine manuf acturers?

.16 DR. PISCHINGER: Mirrlees is a well-known

17 English -- British diesel engine.

18 0. Do they have a high -- good reputation

J9 .for quality engines?

20 DR. PISCHINGER: Mirrlees has, to my
'

21 knowledge I have not been detailing the Mirrlees
,

22 engines, but to my knowledge Mirrlees has a good

23 reputation.

24 JUDGE MORRIS: Excuse me, Mr. Dynner Dr.()
25 Pischinger, do you know if this is a ship engine?

. - - . - _ - - - - - - _ _ - _ _ _ . . - _ _ _ _ __ . _ . . . . _ _ . . _ _. _ _ _ _ _ _ _ _ . . _ _ _ . . _ , . _ - . -
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wtga I DR. PISCHINGER : This is mainly a ship

2 engine, yes.

,r - 3 Q. And it's also used extensively in>

V)
4 stationary applications, isn't it Dr. Pischinger.

5 the Mirrlees diesel engine?

6 DR. PISCHINGER: Each ship engine could

7 be used if adjusted to stationery aoplication.

8 MR. DYNNER: I'd like to distribute and

9 have marked for identification Suffolk County Diesel

.10 Exhibit 70.

11 MR. FARLEY: I'll object to that because

12 I don't even think he's allowed -- established the

13 foundation for even using it.

() 14 MR. DYNNER: You don't know what it is

i 15 yet.

. 16 JUDGE BRENNER: Why don't we hold off on

17 marking it if there is no foundation. Let's see

18 what you're going to do with it for a 1.ittle bit

19 f i rs t , rather than just marking for identification.

20 We can do that but I don't want to go through the

21 process and find out some of these things go nowhere.

22 Let's establish what it is and we'll be done with it.
23 You've asked your question about Mirrlees

() 24 and he's answered it.

25 O. Now, Dr. Pischinger, does Mirrlees

,

-- ,,--,..-,.,,-p.,,, ----v. ,, ,_,,.,-...,,,w --e , - ,, - , - , , , . . - , - , - , .
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wega 1 consider the maximum thrust pressure on the piston

2 to be a critical parameter?

3 DR. PISCHINGER: In that very moment when
7_s
t )

4 I look at this picture without reading anything. I' ' '

5 would think this piston, which is not the very

.6 latest design, could have problems besides thrust.

7 JUDGE BRENNER: Wait a second. You'.re

8 anticipating them. Let him take a question at a

9 time. He hasn't asked you about the article yet.

10 Although I hope he gets to the question quickly.

11 You asked him if he's acquainted with

12 .Mi rrl ees . He said yes and in fact in answering that

J3 he answered the question you should have asked him

14 more specifically as to lubricating oil and so on.{,}
15 Now .I assume by handing up this document you want to

16 follow-up on his answer. So why don't you directly

17 ask whatever it is you want to ask him.

18 .MR. DYNNER: I have a question pending,

19 Judge Brenner, if you want to reread the question.

20 JUDGE BRENNER: Unless it's my fault. I

21 don't recall what the question is.

22 MR. DYNNER: I can repeat the question.

23 0. Dr. .Pischinger does Mirrlees consider

24 the maximum thrust pressure on the piston to be a{};
25 critical parameter of their engine?

'

. _ . - - - - - _ . - . - - - - - - - - - . _ . - - - - - - - - .-.
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w:go 1 DR. PISCHINGER: I am not in the thinking

2 of -- or in the brains of the Mirrlees people of

3 1966 f rom which this article is stating.

f'J
\

\- 4 So I cannot answer your question what the

5 Mirriees people considered at that time.

6 0. All right. The County's exhibit, Diesel

7 Exhibit 70, which I've requested to be marked for

8 identification, is an article from the Institute of

9 . Marine Engineers, Transactions, January 1966, Volume

.10 78, Number One, and beginning with the first text

11 page, which.is page 325, there is an article

12 entitled: "The development of a highly rated medium

.13 speed diesel engine of 7,000 to 8,000 horsepower for

r~N 14 marine propulsion." -

O
15 JUDGE BRENNER: 9,000.

16 MR. DYNNER: So rry?

17 JUDGE BRENNER: It's 9,000.

18 MR. DYNNER: I'm sorry. 7,000 to 9,000

19 horsepower for marine propul.sion.

20 The authors were shown as J. A. Pope, who

21 is identified as the research and technical director
22 of Mirrlees National Limited and W. Lowe identified

23 as the chief development engineer for Mirrlees

/~'s 24 National Limit.ed.
U

25 MR. FARLEY: Judge Brenner, I wi ll obj ec t --
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waga. I excuse me. I thought.you were finished.

2 MR. DYNNER: I was about --

3 JUDGE BRENNER: He thought you were

4 .f i nished.

5 MR. DYNNER: I was about to ask a

6 question on this exhibit.

7 JUDGE BRENNER: What is your objection?

8 MR. F ARLEY: I'll wait until the question.

9 JUDGE BRENNER: You're going to ask him,

10 I assume, whether. he's f amiliar with the article or

11 something like that. I let you slide with some of

12 the niceties on the other one because we got some

13 direct answers but from Dr. Pischinger's previous

e- 14 answer'if he doesn't know anything about this

(
15 article I'm not going to proceed very far with

16 taking some excerpt out and asking him what he knows

17 about it and so on, but maybe I'm.misguessing as to

18 where you're going with this.

19 He offered some comment as to the

20 relevance of the fact that it's a 1966 article.
2.1 0. Are you f amiliar. with this article at all,

22 .Dr. Pischinger?

23 DR. PISCHINGER : No.

24 JUDGE BRENNER: Now. You can go a little

25 bit if you have a particular point and you want to

_ _ ~. .__ ._ _ _ - _ , _ _ _ . , . _ , _ _ _ . _ . _ . _ ._ _ . , _ _ . . ___ _ _ _ _____
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wega 1 know if that refreshes his recollection as to some --

2 MR. DYNNER: I was about to ask those

3 questions.
7_ s

U 4 JUDGE BRENNER: Someone he knows in the

5 indus try, but --

6 MR. DYNNER: Yes.

7 C. All.right, Dr. Pischinger, if you.look on

8 page 327, in the left-hand column entitled

9 reliability --

10 DR. PISCHINGER: I can see.

11 0. -- there is a statement from the author's

12 experience of continuous duty diesel engines, the

13' critical parameters to be carefully watched are --

J4 and then there's a table given, and on the left-hand{}
15 column citing parameter, if one goes down, one finds

16 in the one, two, three, fourth line from the bottom

17 maximum thrust pressure on piston pounds per square

18 inch.

19 As you see on the Mirrlees engines, those

20 figures are 35.8 for the KVI2 engine and then

21 following are . figures for 33.5, 34 and 34.3.

22 Does this information assist your

23 recollection considering whether or not the side
'

(' 24 thrust pressure on a piston is a critical parameter?~)
f

25 DR. PISCHINGER: Yes. This helps a lot,
!

l

-

- - - - - - - - - ---,,,m , , , , , , , . , , _ , _ . _ - _ . , , , _ , _, , _ _ _ _ __ _

_ _
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wcga 1 and I am hopefully given the time to explain to you.

2 In the '50s, '40s, '50s and early '60s,

3 it was usual to use an oil . scrape ring down the
,,

(_j 4 piston skirt. This was partially traditional,'

5 partially due to the inferior oil scraper

6 technology at this time, and partially was taken

7 from two stroke piston, and this aggravates the

8 lubrication, obviously, the lubrication of the

9 piston skirtl and, therefore, manufacturers of

10 modern engine design switched over beginning with --

11 let's say 1960 -- well, even a little earlier, to

12 move up this piston ring to the upper part of the

13 piston skirt so that the fuel has undisturbed access

14 to the piston skirt. ,

7 s-

t ')
15 .And this, of course, improved a lot the'

16 lubrication which is the main important factor in

17 the sliding of the piston on the thrust, on the

13 anti-thrust side, and since that time I myself was

IV involved in such developments. The lubrication of

20 the piston skirt was so much improved that side

21 thrust figures today are never given with engines,

22 to my knowledge are never given.

23 But in addition, I can say just to say if

24 you calculate side thrust, you can calculate for,-

V 25 each of today's engines, if you calculate side

- - _ ._-_ _. . _ _ _ - , . _ _ _ - ._- _ - _ _ _ _ - - _ _ _ _ _ .
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1

wrigo 1 thrust, you can find a lot of engines which have

2 much more excessive, as you call it, side thrust as |

. 3 a TD.I engine, for instance, the famous MANL 32, 36
'# 4 which has 36 percent higher side thrust than the TDI

5 R48 or the MWMD-50 which has 18 percent higher side

6 thrust.

7 All these engines are in operation on

8 ships for years and are at least as renowned as the

9 Sulzer and today's Mirr1.ees engine.

10 0. Dr. Pischinger, did you personally

11 calculate -- did you personally calculate the side

12 thrust pressure of the MANL 32-36 piston?

13 DR. PISCHINGER: Yes.
.

14 0. And what was the figure that you arrived
-{ }

15 at in pounds per square inch for the side thrust for

16 that piston?

17 DR. PISCHINGER: I unfortunately have

.18 here not an explicit figure, but you can arrive at

19 it if you multiply the figure for the side thrust of

20 the TDI engine, which is mentioned in your -- how do

21 you call it, t es timony or --

22 0. Dr. Pischinger --

23 DR. PISCHINGER: By 1.36.

(V'T
24 0. Dr. Pischinger, do you have those

25 calculations that you made to calculate the side

.

. - - - - , - - - - - - - , -, - - - _, , , , , , - - . - - - - - - - - . - - , ,,, - - . , , , --~-a- n - - ,- .
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wcgo 1 thrust of the MAN engine with you?

2 DR. PISCHINGER: Part of it, but

3 certainly I .can make it available to you.

4 0. When did you make those calculations. Dr.'

5 Pischinger, approximately?

6 DR. PISCHINGER: Was it two or three

7 weeks ago? Just to address thi.s. When I heard the

8 side thrust was -- in advance of writing this

9 opinion involved in this testimony.

10 0. And did you also personally make the

1.1 calculation as to the side thrust in the MdND-50

12 engine?

13 DR. PISCHINGER: Yes.

14 0. And you did that about the same time?
k''_')N

15 DR. PISCHINGER: Yes.

16 0. Do you. have those calculations with you?

17 DR. PISCHINGER : Well, of course. I

18 didn't -- I don't have it here. I have the results

19 here, but it is also possible to make it available

20 to you.

21 0. Could you briefly tell me the MAN engine

22 that we're spea'ing of, what is the approximate

23 horsepower per cylinder of that engine?

24 DR. PISCHINGER : The horsepower oer
(

25 cylinder is -- of this engine is 370 kilowatts.

.- - _ _ _ _ . . _ . _ _ _ _ _ . . _ . _ _ , . . _ . . _ _ _ . _ . - _ _ . _ . _ _ _ , _ . - _ _
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wcga 1 You have to be aware in Europe we are

2 even diesel engines rating in kilowatts.

3 0. And what is the RPM speed of that engine?
s

4 DR. PISCHINGER: 750 RPM."'

5 Maybe I should mention another MAN engine

6 which is the L 52 which has about the same side

7 thrust as the TDI engine. This is an engine with

8 five 120 millimeter running at rpm's of 500 or also

9 514, the maximum rating, and the cylinder -- the

10 power per cylinder is 885 kilowatts.

11 JUDGE BRENNER: Mr. Dynner, are you
'

12 finished with the Institute of Marine Engineers

13 testimony?

14' MR DYNNER: Yes,' sir.(}
15 JUDGE BRENNER: Do you see any reason to

16 mark it for identification given its limited use?

17 MR DYNNER: Yes. I would like it marked

18 as Exhibit 70, if we may.

.19 MR. FARLEY: LILCO objects. Your Honor.

20 JUDGE BRENNER: It's only going to be

21 marked for identification.

22 MR. FARLEY: I don't think he even laid

23 the proper foundation for it to be marked for

24 identification in view of Dr. Pischinger's testimony.(( )
25 JUDGE BRENNER: You really don't need'

)

i
:

, . - . - - - - _ _ . - - - . , _ - , . , . . . - - - - - - - - - - _ _ - , . . , .,
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wtga 1 .much for foundation, in fact you need very little

2 foundation to mark something for identification. The

.e~ 3 reason I held off was because of the experience of

Nb
4 the other day. It was just a mechanical prerogati.ve

5 on my part. I didn't want to start markinJ things

6 and clutter up the record with exhibits marked for

7 ~ identification if it wasn't going to be used at all.

8 As it turned out it was used in a question. I don' t

9 know if it needs to be marked for identification
10 given the fact that the questions and answers

11 combined will give the record a picture of what was

12 there but if he still wants to mark it for

13 identification, I always bend to counsel's view and

() 14 mark it for identification.
1

15 MR. FARLEY: I understand.

.16 JUDGE BRENNER: You also get in same rank.

17 We'll mark that for identification as

18 Suffolk County Diesel Exhibit 70 and it was

19 previously described by Mr. Dynner. I believe.

20 In any event, it's the article entitled "The

21 Development of a Highly Rated Medium Soeed Diesel

22 Engine of 7,000 to 9,000 Horsepower for Marine

23 Propulsion," and it is taken from the Institute of

() 24 Marine Engineers Transactions, January 1966,

25 consists of pages from that publication 325 through

.
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wcga 1 347.

2 Since you were so insistant on marking it

3 for. identification, and also asking the question you
,.s

'( )
4 asked about it. '4r. Dynner, maybe you would like to ask''

5 Dr. Pischinger one or two questions about the very

6 part that you pointed him to and also talk about the

7 dangers of excerpts from articles with which people

8 are not familiar.

9 (The document ref erred to was marked

-10 Suffolk County Diesel Exhibit No. 70 for

11 identification.)

12 BY JUDGE BRENNER:

.13 0. Dr. Pischinger, do you know whether this
-

.

/~T 14 table from which you -- from which Mr. Dynner in his
V

15 question directed you to the figures for maxiraum

16 thrust pressure for, I believe the same engine,

17 under different power operation in those four

18 columns whether those . figures are the actual

19 values that you wou'd derive from the engine while.

20 it was operating as ocoosed to parameters that were

21 warned to assure that they were not exceeded, can

22 you tell from that table?

23 DR. PISCHINGER : I'm not completely sure

24 if I understand your question. You are ref erring to(}
25 what table?

_ _ _ _ _ _ _ - . _________-_ _ _ ____ _ _ _ _
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wega- 1 -JUDGE BRENNER: It's the ending

2 publication involving the Mirrises engine. It's the

3 table that Mr. Dynner asked you about. And he

4 directed you to the figures for maximum thrust

5 pressure on the piston, pound per square inch.

6 DR. PISCHINGER: Yes.

7 JUDGE BRENNER: I guess my first question

8 -is whether it's -- let me change my first question,

9 is it clear to you that that means side thrust
.

.10 pressure to determine maximum thrust pressure?

11 DR. PISCHINGER: Yes. You are right.
>

12 This is here entitled maximum. thrust pressure on

13 pi.ston pounds per square inch. There is, of course.

( ). ,14 a problem, always how you define and calculate such
.

15 a figure.

16 I only at the moment can guess that that

17 is the . figure which is meant in the Suffolk County's

18 testimonyt but there is no completely general

19 definition, because the real maximum pressure on the

20 side of the piston can only be calculated if you

21 know the oil distribution, the piston distortion.

.

the oil viscosity, the piston movement, and I think22

23 at that time when this was written, nobody could,

() 24 really could calculate this real maximum pressure

25 JUDGE BRENNER: All right. My question

.

4

- , - - . . . , , , , - - . . , - - , , , , n- - - - y,, ., - ,,,,.,,,-,,--n , - - , - , , , . - , ,, - nn-,
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-wnge I was a little simpler, can you even tell whether this

2 is meant to be side thrust?

3 DR. PISCHINGER : I would have -- it would
.\-) 4 be .necessary for me to' study the whole article and

1

; 5 maybe to make a request by the authors if they mean
!

6 the same, which we are discussing.

7 JUDGE BRENNER: Beyond that, there are

8 four columns here. Do you know whether these are

9 measured values for whatever that table means by

10 maximum thrust pressure on the piston as coposed to

11 something else? For e.xample, could it be a

12 parameter that the authors are warning should not be

13 exceeded at that operation as opposed to maximum as
,

(~} .14 opposed to the actual measured parameter?
%s

15 DR. PISCHINGER: These parameters --

16 again, I'd have to say, supposedly, are no

17 limitations. Furthermore, they are certainly in the

18 mind of the authors. I think, far below limitations:

19 o therwis e , they wouldn't ha7e put it in a scale --

20 in a table of the engines whether these are critical

21 parameters.

-22 JUDGE BRENNER: Also, I guess it's kind

23 of a follow-up to the question Judge Morris asked

~3 24 you about, whether the Virrlees engines were ship
(G

25 engines and also Mr. Dynner's follow-up as to that.

!

!*

1

- - . . _ _ . - , . , . . , - - - . , . ., .
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waga 1 as to whether they were also used in stationary

2 applications.

3 The last sentence of the text before thats

'~'
4 Table 1, and Mr. Dynner had asked you about reads as

5 follows: ''From the author's experience of

6 continuous duty diesel engines, the critical

7 parameters to be carefully watched are..."'

8 If you see the term continuous duty

9 diesel engines, what would that mean to you?

10 DR. PISCHINGER: Continuous duty engine

11 is an engine which is supposed to be continuous on

12 duty. That means that it's most of the lifetime in
13 motion.

,

14 JUDGE BRENNER: Would a ship engine be a()
15 continuous duty diesel engine?

16 DR. PISCHINGER: Yes.

17 JUDGE BRENNER: I suppose from your

18 answer that a stationery application planned to run

19 most of the time could be so described as a --

20 DR. PISCHINGER: Yes. A power generator

21 plant which continuously has to deliver electricity.
22 of course, is a on continuous duty.

23 An emergency diesel engine certainly is

() 24 not on continuous duty.

25 JUDGE BRENNER: Okay. I guess the coint

. - - - . _ -- - . . - - . - - ,-. - _ , . . . .--
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w:ge 1 of my. concern, Mr. Dynner, we have no lack of paper

2 or witnesses before us in this case. And it gets

3 difficult, I didn't want to -- I did want to give-

4 you some f reedom to conduct the cross-examination

5 the way you see fit but it gets difficult when you

6 have an article, certainly more than two or three

7 pages in there that the witness is not familiar with

8 and then to try to get some useful information based

9 on that article,.it's true it's only marked for

10 identification and .we're not going to rely on this

11 for anything, but the time has pre tty much been

.12 wasted with it, I believe, in terms of tying it up.

13 the materiality of the point that you -- that the

() 14 County just could make with respect to side thrust.

15 Certainly at a minimum. something like this should

16 have been emphasized in ref erence for support in the

17 County testimony, if you believe that it was an

18 important contradiction of the view of LILCO and its

19 witnesses that excessive side thrust load was of no

20 concern, but let's proceed.

21 MR. DYNt!ER: I would just like to ask one

22 follow-up to your li.st of questions on this document.

23 Dr. Pischinger, in your experience, if

(f 24 you could briefly take a moment and look down the
.

25 list of what are termed critical parameters, in

. . - - - - , - . _ _ . - - . . . . _ , - - - . . - _ . -- ._
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wego 1 Table 1, could you tell me whether the -- whether

2 those critical parameters would be, in your judgment.

3 be . equally app.licable to the operation of the diesel
7s
\ ') 4 engine in a nuclear power plant as they would be for''

5 diesel engines that are continuous duty engines?

6 DR. PISCHINGER: I have to reread it.

7 MR. DYNNER: Yes. Please take your time

8- and, also, if there's some of them that you don't

9 feel are or some aren't, maybe you can quickly

10 identify them. I don't want to take too long on

11 this but given Judge Brenner's questions may be a

12 significant one.

13 JUDGE BRENNER: I don't understand the

(~3 14 significance at all. Tell me again what you're
x/

.15 asking to do.
7

.16 MR. DYNNER: Yes.

17 JUDGE BRENNER: I don't want to take time

18 either --
.

19 MR. DYNNER: Okay. You asked the

20 question about emphasizing. I think, in your

21 question the fact that the author in his

22 introductory statements said these were critical

23 parameters for continuous duty diesel engines and I

) 24 want to see if he agrees or disagrees they're also
(~/ -s_

25 critical parameters for nuclear engines which are

. . . .. - .- - -- - .- - - . _ . --. . . _. __. ..
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wega 1 . operating in nuclear power plants to provide on-site

2 electrical power.

3 JUDGE BRENNER* You mean the actual-

4 numbers?.

-5. MR DYNNER: The parameters, that is the

6 identification of the parameters in the far left

7 column.

8 DR. MC CARTHY: Excuse me --

9 JUDGE BRENNER: I understand your

10 question. That's not going to be significant in

11 terms of my point. I'll be pleased to tell you the'

J2 conclusion l've reached right now on this minor

.13 point and that is that nothing you've asked Dr._-
,

.

f.3')
14 Pischinger from the Suffolk County Exhibit 70 for

~

15 identification to the extent we're able to get

16 anything-intelligent out of it, given the lack of

17 knowledge of most of us as to what's in the article

18 including the witness of whom you were inquiring.

19 that Dr. Pischinger's earlier answers to you with

20 respect to the Sulzer engine in terms of -- that you

21 might want to worry about side thrust load, if you

22 wanted' to design an engine that would be good for

23 ship-type applications. It's not inconsistent with

24 the kind of applications that apparently these(])
25 authors have in mind. And I emphasize it soparently

,

- - - , ..wn n .w,- g -, v- - .,,, - - - . . , ,---,---,--,m .w- - e rn,, e-- -- , ,,,n~e-.-g- ,,,-,-,r--e-mmn---m ~ ..~
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wega 1 5ecause I certainly haven't read the article, but

2 that one sentence there, introducing that table, and

3~ the only reason I looked at that table is because
t
'- 4 you asked all of us to do so, is discussing

5 continuous duty parameters so I didn't mean to imply

6 that you don't have parameters in a diesel engine,

7 but that you look at for all acclications.

8 DR. PISCHINGER: Judge Brenner --

9 JUDGE BRENNER: If you still want an

10 answer to the question, we'll try it, but I don't

11 want to --

12 MR. DYNNER: As long as the record shows

13 what you just clarified, I don't need to spend --

/'N 14 have Dr. Pischinger spend his time going through
U

15 either one of these.

16 DR. MC CARTHY: Excuse me --

.17 DR. PISCHINGER: Judge Brenner --

18 JUDGE BRENNER: Wait a second. With all

19 of this we haven't moved one whatever measurement

20 you want to use, mil, angstrom closer towards

21 getting to the merits of whether we should agree -

'22 with the County or disagree with LILCO with respect

23 to possible concern for excessive side thrust load.

24 That's what I'd like to get some cross-examination
-{ }

25 on.

-.
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wega i MR. DYNNER: Okay. I'm moving on it.

2 DR. PISCHINGER: Judge Brenner, may I

3 just..it's important for clarification, because I
,

\ ') while reading a little more in detail. I s ee we
(

4 now,

5- all have been misled and I think it should be said.

6 because critical parameters are not in Table 1. But

7 the critical parameters which are to be watched at

8 the side thrust is not on it as the parameters one

9 to seven on the next column. The text is going on

10 there, and in Table 1 are only the design and

11 performance characteristics, so this comes from

12 quick reading.

13 JUDGE BRENNER: Okay. I can understand --

,r~ 14 let me try to give you a quick lesson. I can

15 understand why you were anxious to jump in and try

16 to assure that we were not misled by that.

17 I was not going to be misled, and the

18 reason I was not going to be misled is in my words

19 to Mr. Dynner I intended to let him know and maybe I

20 was too subtle that we're not -- I, at least, as one

21 judge am not going to rely on this article for

22 anything, given the state of direct examination

23 hereof because of lack of familiarity and because of

(V~N,
24 lack of connection to get directly to the merits of

25 the issue. I'm sure there will be a whole bunch of'

- __ -. - . - .. - . _ . - . . . - . - - . . .-- --.
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waga' l. these articles I could misunderstand if I sat back

2 at this hearing and read it but it is not admi tted

3 into evidence and one of the important reasons why'

g- g
\_/ 4 it's not admitted into evidence is we don't have

.

5 evidenciary foundation, as your counsel has been'

6 quick to point out and oroperly so, at least with

7 respect to this article..

8 DR. PISCHINGER: Thank you, Judge.<

9 JUDGE BRENNER: When something is marked

10 for identification, it doesn't mean it's in evidence.

11 '4r. Dynner.

12 0. Yes. Dr. Pischinger, in your judgment,

13 does the AE piston skirt have proper lubrication

(]) .14 incorporated in its design?

15 DR. PISCHINGER: Yes. In my opinion. . in

16 consideration of the design, and although the --

.17 watching the results of performance. I conclude that

18 the lubrication of the piston skirt of the R45 is in

19 order.

20 Also, as can be seen from the drawing,

21 the piston rings lubrication, piston rings oil scrape

22 rings are up on this skirt and not one down, as has

23 been in old designs.

~ () 24 0. Is there a diff erent number --

25 JUDGE BRENNER: I'm sorry. I didn't hear-

|

1

|
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wngo. l you at-the end. You said and not down on the skirt --

2 DR. PISCHINGER: Not down on the skirt as

3 in old designs.-,7-)
'~#

4 0. Is there a difference. Dr. Pischinger, in

5 the number of oil leak holes in the design of the AE

6 piston as opposed to the design of the AF piston?
'

7 DR. PISCHINGER : I didn't count the leak

8 holes. I just saw that the cross section is

9 sufficient to give enough back flow to the oil, but

10 I do not have the figure with me now.

11 O. Dr. Pischinger, you earlier ref erred to

12 two engines. The MAN and the MNN engine that you

13 said that you had calculated the side thrust on.

f') 14 Before I forget. I just wanted to ask you
w

.15 two quick questions on the MdN engine.

16 What is the horsepower oer cylinder of

17 that engine?

18 DR. PISCHINGER: Maximum horsepower. 3/0
,

19 kilowatt.

20 C. That's the same as the '4 AN?

21 DR. PISCHINGER: It's practically the

22 same.

23 0. And what is the soeed in ron's of that

.( ) 24 nature?

25 DR. PISCHINGER: Ranging from 600 to for

_ _ _ - -
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-wiga i special application,'750.

'

2 0. Thank you.

-3 Now, Jr. Pischinger, you testified. I
_

-J 4 think, that the MANL 32-36 engine had side thrust

5 load 36 percent higher than that calculated for the

6 DeLaval AE piston skirt.

7' Did you make an independent calculation

8 of the side thrust of the AE piston skirt?

9 DR. PISCHINGER: Yes.

10 O. And did your calculation agree with the
'

11 calculation made by Professor Christiansen, which is

12 set forth in the County's direct testimony?

13 JU3GE BRENNERs Can you point the doctor

~S 14 to the page reference, if you can.
(G

15 Also this is the record of Dr. Pischinger.

16 MR. DYNNER: That would be Suffolk County

17 Diesel Exhibit 13.

18 DR. PISCHINGER: Maybe you could helo me

19 a little, where in this text side thrusts final

20 result is defined, to speed uo the situation?

21 VR DY?INER: Yes. If you turn to the last

22 page in Exhibit 18, you'll see a computer readout.

23 he on the far left, the first grouoing of figures

24 under the column one, you'll see the figure 123.44.
dr^'

25 DR. PISCHINGER: I am still on the --

,

e

, . . - . . . . . _ . . - . . - ,.-_ .., ,,,_.. .. - --..y _ , ..-,.__,,,..---.-.r-,
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wcga i seeking -- well, I, again. have to ask. what is the

2 unit of this -- of these figures?

3 MR DYNNER: It's explained on page 48 to

l'3
(_) 4 49 of the County's direct testimony, Dr. Pischinger.

5 It is 123 counds per square inch.

6 JUDGE MORRIS: Excuse me. Mr. Dynner, I

7 wasn't sure what your question was, whether he

8 agreed with the result or whether he agreed with the

9 methodology or oerhaps both.

10 0. My question was, did he agree with the

il results of the calculation of Professor Christianson

12 on the side thrust.

13 If you look on page 49 of the Suffolk

14 County testimony, it says the calculated mean units.s

15 side thrust of the AE Piston is 123 psi, exceeded

16 the upper value by 44 percent.

17 There's a reference on the orevious Page

18 2 to Exhibit 18. Exhibit 18 contains the

19 calculation. The last oage of Exhibit 18 shows in

20 the last column, that is, in the first caragraoh of

21 numbers, in the first column, number one, you go

22 down to the last number. It says 123.44 unit thrus t --

23 unital thrust, so that's his conclusion.

24 DR. PISCHINGER: I -- y e s . I have to 99y

25 that my calculation gives a lower side thrust than
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'

, cc.g o - I this which is given in the -- in your ref erence.

2 The calculated side t'irust with TDI is

3 78.7 psi. The calculation is done by computer
7s
\ )

4 program using the gas pressure, using the gas''

3 pressure and the mass forces in the point of maximum

15 side thrust. The mass' forces counteract the gas

7 forces, and the maximum value which is calculated as

8 78.7 psi, which means I calculated it in bar, of

| 9 course, 5.42 bars, which is, by the way, less than

10, the limit of 85 psi which you give in your testimony

11 as a standard design value.

I 12 Q. Yes. So your figure of 78.7 is the

13 maximum unital side thrusts is that correct?

(v") 14 DR. PISCHINGER: Yes, yes.

15 O. So the numbers that you gave for the '4:4

16 engine is 36 percent higher. Was that 36 percent
,

'

17 higher than your number of 78.77

18 DR. PISCHINGER : Yes, it is, yes.

19 0. And it's not 36 percent higher than

20 Professor Christiansen's number of 123 psis isn't

21 that true?
I

22 DR. PISCHINGER: Yes.'

| 23 C. And the same is true with the number you
!

() 24 gave for the 4WN engine, that would be 18 cercent!

25 higher than your calculated side thrust of 76.78 is>

|

!

>
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w;gn' I that correct?

2 DR. PISCHINGER: Yes.

3 MR DYNNER: I would like in view of this

O 4 testimony, if possible, to get a copy of your

5 calculations which show this diff erence of opinion
.

~ ith Prof essor Christiansen's calculations. if6 w

7 that's possible.

8 If you could state the methodology of it.

9 JUDGE BRENNER: Why don't you ask him how

10 he did it. He's here to give testimony.

11 3Y MR. DYNNER:

12 0. What methodology did you use in

13 calculating the maximum side thrust on the AE piston?

(]) 14 DR. PISCHINGER: The method is to use the

15 gas pressure diagram versus crank angle to calculate '

16 the mass forces out of the acc'leration of the

17 piston to combine these two forces, and then to

.19 calculate the side thrust force for each crank anjle

19 or certain distances of crank angles which can be

20 done geometrically by the angle of the connecting

21 rod for each position, and to use this force to

22 calculate a pressure and a nominal pre.asure which is

23 related to the projected area of the piston skirt.

() 24 the dimensions of the oiston skirt are known and by

25 the side thrust. It's a unital pressure that can he
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wcga I ' calculated.

2 Q. Dr. Pischinger, in looking at Prof essor

3 Christiansen's calculations in Exhibit 18, if you

O 4 could take -- I think it might be worthwhile in this

5' case, if you could take a minute or two and oerhaps

6 tell me whether you have, in your, calculations, any

7 significant disagreement with the figures that

8 Professor Christiansen sets forth in his

9 calculations.

10 Dr. Harris, did you want to add something?

11 DR. HARRIS: If I'm permitted. I'd like

12 to confer with my fellow panel menber.

.13 JUDGE BRENNER: Let me see if I

14 understand what you want to do. Mr. Dynner. In
(])

15 effect you want them to critique with the proposed

16 County Exhibit la which are the calculations by you

17 to see if they agree or, more to the point. where

IS .they might disagree with figures used and the

19 methodology.

20 MR. DfNNER: I wouldn't say critique was

21 the word. What I was looking for was to see whether

22 there was any -- since these are not -- whether

23 thure was any obvious or significant error or

24 difference in the figures which would result in such(])
25 s significant diff erence in the result. I don't
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ccga i know how long it will take. If it will take too
'

,,

long, we obviously can't sit here and use up hearing2

3 time to do it but if there's something that jumpet
,s

(_) out at him that could account for the difference in
'

4L

5 result, I'd like that to be identified.

6 JUDGE BRENNER: We can try thet, if

7 there's nothing that jumps out at them, we could let

8 you come back to just that one point and then take a

9 break to give them time to look at it although I

| 10 don't know if a break is sufficient time to do that.
' 11 How much time would you need? I don't

12 know if they're prepared for something like this
| 13 already or not.

.

14 Dr. Pischinger, if you -- or in(}
15 conjunction with the people on the panel, if you go

.36 through these calculations and the County Exhibit 18
|

|
17 the point is if we give you a little of time you can

|
18 tell us if you disagree with what was dona. We know

i

| 19 you disagree with the result but whether you can
|

| 20 identify why you do.

21 DR. PISCHINGER: Yes. Of course, I can

22 try to follow up. I didn't do it until now, to

23 follow up the way which this was done and -- but I

24 cannot say how long it was. It's a question how
({}

L 25 obvious. There must be a disaareement how obvious
i

|

|

L_
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w go 1 it is and how long it takes to find.

2 JUDGE BRENNER: All right. Let's pa ss it

3 for now and come back to the -- and we'll come back
/9
\-) 4 to that.

5 0. Dr. Pischinger, we'll move on to

6 'something else and then perhaps during the break

7 you'll be able to examine that.
.

8 BY MR. DYNNER:

9 0. Dr. Pischinger, in your ludgment, would

10 proper lubrication be capable of handling any side

11 thrust load reoardless of its magnitude?

12 DR. PISCHINGER: If this question is a

13 general engineering question, I say no.

14 If this question is related to standard

15 design, diesel engines. I say yes. /

16 0, Well, if the side thrust in the A6 piston

17 turned out to be a 123 psi instead of 78 psi, in
.

18 your judgment would the lubrication in the AE piston

19 skirt be adequate to eliminate any oossible adverse

20 results from that side thrust load of 123 psi?

21 A. No.

22 DR. PISCHINGER: No concern absolutely.

23 JUDGE BRENNER: I guess someone will

- 24 remember to ask Prof essor Christiansen the same
\/

25 question about Dr. Pischinger's figure, just in cese



~ . - . . - - _ _ - - . - -_ - - -

0010 01 22402

tag 3 I we can't put the two together later. I will if

2 nobody else does which is why I like to try a

i

3 subject together with all party witnesses but we
i' can't always do what we'd like to do in this life.'- 4

5 Go ahead.

6 0. Dr. Pischinger, if you will olease turn
,

to -- if.you're not already there, to page 59, in7

8 your question, answer to question 93, if, in f act, a

9 temperature distorted the piston skirt so that it
10 rubbed on the liner, wouldn't the friction of the

| !! skirt rubbing on the liner destroy the lubrication

12 at that point?-

| 13 DR. PISCHINGER : The piston in this

I4 operation cannot distort to such an amount. so I -

}
15 find your question theoretical.

16 0. All right. Well, let me be more orecise. ,

17 The first sentence of your answer is that

i 18 with an adequately lubricated piston, side thrust

19 will not create e dramatic temperature dif f erential.

I 20 Isn't it true that given enough side

21 thrust pressure there will be a significant
i

*

22 temperature diff erential from one cortion of the

23 skirt to another?

/~T 24 DR. PISCHINGER: The f riction work of a
V

25 piston is so low, so smell comparad with all the

|
. _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ - _ - _ _ _ _ _ _ - _ - _ _ _ _ _ _ __ __ __-__ _ . - _ _ _ _ . _ _ _ _ _ - - _ _ _ _ ___
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w gs 1 other thermal effects that there will be no

2 increased temperature. This has been measured in

3 numerous pistons -- piston designs -- also, of

4 similar size, ands therefore, again. I cannot see

5 where this distortion should come from if the

6 temperature distribution is quite uniform.
.

'

7 Q. All right. I'm trying to get at the

8 point. Dr. Pischinger, in your answer where you say

9 that an adequately lubricated piston side thrust

10 will not create a dramatic ternperature dif f erential.

11 Is that statement true even if the side

12 thrust is 400 pounds per square inch?

13 JUDGE BRENNER: Let me interrupt, Dr.
.

r{}}
-14 Pischinger.

,
15 Mr. Dynner, within reason, it's your time.

16 but you may have exceeded reason with that question.

17 How is that ever going to be material.

.18 even taking the highest number believed to he

19 accurate by your witness? We're not talking about

20 side thrust --

21 MR. DYNNER: Obviously what we're tryin]

22 to get to is there is a relationship between side

23 thrust and the effects of side thrust which are not
24 always handled by adequate lubrication, and I think( };
25 that the witness testified -- I asked him the |

.
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wegn 1 question specifically as to generally, now I'm

2. giving an illustration.

3 JUDGE BRENNER: It's just never going to

. ('T
k/ 4 be material in my view. The right question to ask

5 him in that area you already asked, what if the

6 pressures turn out out to be as high as Professor

7_ Christiansen believes, and you asked him that

8 question. You got the answer. And then you asked

9 the general question and he gave you the answer as

10 to why he thought that was theoretical or words to

11 that effect. And i t's lust not going to be --

12 MR. DYNNER: It's two entirely diff erent

13 answers. If his answer to the theoretical question

^j 14 is one which indicates that he does not have a grasp

v '

15 of the technical underpinnings of how side thrust

16 affects'it, then I think that that is a significant

17 issue to bring out in cross-examination.

18 If he's saying -- even if you had a

19 thousand pounds of side thrust, it still wouldn't

20 affect the temperature of this skirt, that might be

21 something this Board would be interested in. I

22 don't know. rihy would I he interested in it?

23 4R DYNNER: I think it would be --

24 JUDGE BRENNER: Are you going to put in
)

25 evidence that the side thrust at the Shoreham

_
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w ga - 1 pistons is a thousand pounds per square inch?

2 MR DYNNER: No..

3 JUDGE BRENNER: So why would I be

b'' 4 interested in it? I want to be interested in things

5 that.are interesting.

6 MR. DYNNERt. All right. We have

7 testimony on the record which states that there is a
,

8 relationship and that the side thrust at a certain

9 point will create a temperature diff erential which

10 will create the distortion, which will create the

11 rubbing on the side which will create a destruction

12 of lubrication which will lead to piston seizure.

13 That's on the record and if Professor Pischinger is

14 testifying that isn't the case at all fr'om a{}
15 technical and scientific matter that it can haopen.

16 I believe that's useful testimony on

17 cross-examination.

18 We have other expert witnesses on the

19 Staff and others that -- and I should think that the
20 Board might be interested in whether everybody

21 disagrees with that aoproach.

22 But I will move on if the Board doesn't

23 think thet's a pertinent question.

24 JUDGE BRENNER: I think you're way out(}
25 there in terms of anything that's going to be

,

4
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- w;go 1 important to the findings.

2 I understand how part of your argument

3 would relate to a view of Dr. Pischinger's expertise,

n'' 4 although I thought we were past that on Monday.

5 Nevertheless, certainly the content of the

'6 substantive questions and answers can in turn be

7 related back to some of the prerequisites for

l' 8 believing testimony by his expertise and so on, but --

9 and then I understand, like a good lawyer, you've

10 made an argument that shows there is some arguable

11 relevance. I'll give you that much.

12 The scale of what's relevant, way off in

13 the distance of the solar system of relevance, well,

14 you understand the diff erence in degrees between{}
15 things that are remotely relevant and when you're on

16 a time limit, a time limit I thought was reasonable

17 if you had stayed with that which I thought was

18 important and productive.

19 MR. DYNNER: I'll move on.

20 JUDGE BRENNER: Give me just one moment.

21 0. I've made my point.

22 Judge Morris on his own saw that you were
,

23 going to make the argument you made. He doesn't

('N 24 disagree with my comment as to its importance to the
>

\_/
25 record, but it's your privilege to put it in the

.

,-
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wtga i record if you want to, and I'll let you proceed with

2 it and then we will change our mind when we look at

3 it later.
> ,m

4 0. All right, Dr. Pischinger, taking your- %

5 statement, the first line of your answer to question

6 93, would it make any difference to your conclusion
'

7 if the side thrust were 400 psi or a thousand psi?

8 DR. PISCHINGER : In an internal

9 combustion engine, the side thrust cannot exceed a

10 certain percentage of the gas pressure, and,

11 therefore, there are natural limitations to side

.12 thrust, so, again, I have to say this question is

'

13 totally hypothetical.

If you want to build an engine which with14j
<

- 15' ever increasing side thrust, then this engine.could

.16 not run because of too short connecting rod or the
.

17 piston would be no longer a piston but a disc,

18 Within the design, within today's design limitations
;

19 of a diesel engine, I am well aware of it. the side

20 . load, the side thrust which is within this

21 limitation will not create any dramatic eff ect given

22 proper lubrication, but maybe I could make you

23 available some of my -- I shouldn't say that.

24 DR. SWANGER: As a co-sponsor to answerI

/)
25 number 93, I do have some things that I would like

!
,

! ' . - . - - . - - , _ . . - , - . - - - . , _ , , , _ . . - . . , . - - .
. - - - - . . - - . _ - , - - , , ~ - , . - , .- ..-
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w ga 1 to add --

2 JUDGE BRENNER : Even as a co-sponsor you

3 still have to direct your comments to answer the j

A)(_ 4 question.

5 DR. S4 ANGER: Yes. Question was would --

6 as I recall, and Mr. Dynner can correct me. if the

7 side thrust were 400 or a thousand psi would that

8 make a difference in the analysis.

9 MR DYNNER: In the first sentence of your

.10 answer, Dr. Swanger, that with an adequately

11 lubricated piston side thrust will not create a

12 dramatic temperature differential.

.13 DR. SWANGER: Following up the answer

- 14 that Professor Pischinger gave that there are

\~# 15 natural limits to the side thrust, taking into

16 account the geometry of the components in the TDI

17 engine, the natural limit is that the side thrust

18 cannot exceed 22 percent of the gas pressure.

19 22 percent of the maximum gas oressure of

20 one thousand -- of one 1670 psi times the 227 square

21 inches of piston.

22 DR. MC CARTHY: Which parenthetically

23 don't occur at the same time, so they would be

24 indeed the extreme end and completely unobtainable
73
#\,~)

25 in . conjunction with the real engine.

. - - _. ._ _ . __ - . _ _ __ _ _ _ _ . , _ . . _ _ _ _ . - _ . _ _
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.w;go 1 DR. SWANGER: When we do that, we get a

an upper Limit of side thrust in pounds of Si2 net --

3 thousand pounds of force, which is about four times-

~# the number that Professor Christiansen computed.4

5 Fa AA did do independent computations of

6 the side-thrust taking into account the gas pressure,

7 and we agree with Prof essor Christiansen that the

8 true maximum side thrust total in pounds in the TDI

9 engine is about 22 thousand pounds.
,

10 Dividing that number by just the

il projected area of the skirt, which is 17 inches in

12 diameter, times 18 and a half inches in height or

13 314.5 square inches, dividing that number .into 22

.14 thousand pounds gives us a unit side thrust of 71(])
15 pounds per square inch.

16 Our number agrees very closely with

17 Professor Pischinger's number, and since it uses a

18 side thrust total load at the same magnitude that

19 Professor Christiansen used, we f eel that the error

20 in Professor Christiansen>s calculations must have

21 heen in the calculation of the projected area of the

22 skirt or the use of that area in his further
23 computation?

24 JUDGE BRENNER: You can look at that some(])
25 more during the break.

.

.- - . , , _ _ -..-.-,..-___,r. , _ . . , . - _. _ , , . . _ _ _mm... , , _ _ . - _ .,__..m. m.-m. . _ _ - _ -,m-y_- - - _ . - -_-.my, .--- --e-
_.
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trg2 .1 MR. DYNNER: Gentlemen, earlier we talked

2 about the -- a bi t about Fa AA's current work on the

3 circumferential rib as it relates to side thrust,

() 4 and I recall that we had decided that the

5 appropriate time to ask you without that would be

6 during the discussion of the excessive side thrust.

7 Would you briefly describe the work that

8 you're doing on the circumferential rib of the AE .

9 piston at FaAA as it relates to side thrust issues.
.10 DR. HARRIS: In recent effort -- in

11 recent days Failure Analysis Associates has been

12 involved in some additional experimentation

13 regarding the strain levels in the ribs of AE skirts.
*

.14 This was done under top dead center loading.
.

k- 15 We've also done some finite element

16 calculations, stress in the ribs in the AE skirt

17 under side loading.

18 We have found that the stresses in the

19 circumferential rio between the wrist pin boss in

20 the AE skirt are lower when a maximum side load of

21 22,500 pou; s is applied than the corresponding

22 stresses at top dead center when the f ull pressure

23 loading is applied. This leads to the conclusion

24 the maximum stresses that are -- that the AE
(O'' 25 circumf erential rib is sublected to and controlled

_ _ - - _ _ _ - - _ _ _ - - _ _ - - _ _ -
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c g1 1 by the peak firing pressures rather than any side

2 thrust and is further evidence of the lack of

3 influence of side thrust on cyclic stresses in the

4 AE skirt.

5 We're now convinced that this is also a

6 conclusion that can be applied to the ribs

7 themselves.
I

8 Additionally, some recent . inspections

9 have been performed on the circumferenti.nl rib. the ,

i

.30 AF skirts that were . removed from the diesel engines

11 at Shoreham. As f ar as I can recall, I have been

12 informed that there were no relevant indications in
.

'

13 the region of any of the AF skirts that were ,

(.

/~T 14 inspected at Shoreham.'

V.
15 JUDGE BRENNER: Excuse me, there was a

16 term that I didn't understand. You said this was

.17 evidence of a lack of influence of side thrust on
|

18 some type of stresses.

19 DR. HARRIS: Cyclic stresses.
,

20 JUDGE BRENNER: Cyclic, all right. ,

j
'

MR. DYNNER: The cyclic stress you're21

22 ref erring to is the stress with which might cause

| 23 cracks to initiate in the boss area that you had >

24 studied earliert isn't that true?[]}
! 25 DR. HARRTS: No. My answer was addressed |

|

|
|

|

|
!
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CCga 1 to the ribs themselves, which would have to do with

2 the crack initiation in the ribs.
3 0. But the County has not alleged that

)
's / 4 there's cracking in the ribs, have they?

5 DR. HARRIS: Not that I am aware of.

6 However, you were asking about our studies in

7 regards to AE ribs.

8 JUDGE BRENNER: Again, Mr. Dynner, I was

9 going to jump in, but I didn't want to.

10 MR. DYNNER: It took only a second.

11 JUDGE BRENNER: Not on that question. I

.12 was going to to jump in when you asked your opening

13 question. It was,a very broad question, and then

14 you wanted to know why he gave you the answer given
s /

15 that question.

16 I think you could have been more precise ,

17 when you started to ask about the work on the

18 circumferential rib. Just take that into account in

19 your future questions.

20 BY MR. DYNNER:

21 0. Gentlemen. Dr. Pischinger, and Dr.

! 22 Swanger, turning for a moment to page 60 of your

23 testimony, you point out in that testimony th9t

(~) 24 modern materials have a higher tensile strength than'

| (/
25 those which may have been available in the source

|

.

;

!
l

. _ _ _ __ -
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1

waga 1 authority that was listed in the County's testimony. |
d

2 What would be the effect of materials in

3 the piston skirt having a higher tensile strength on-

4 the issue of side thrust leading to distortion of

5 piston skirt, if any?
~

6 DR.'SWANGER: The change in materials

7 ' going from cast iron with the modulus of elasticity

8 of about 15 million pounds per square inch to'

9 nodular iron with a modulus of elasticity of

.10 approximately 23 to 24 million pounds per square
.

11 inch would by itself increase the stiffness of the

12 piston and its resistance to distortion.

13 0. Just to clarify, Dr. Swangsr, I was

L( ) 14 speaking about thermal distortion..

15 Would your answer be ti.e came with

16 respect to the' effects of thermal distortion?

.17 DR. PISCHINGER: Higher strength material
.

18 gives the possibility to use minor -- or smaller
19 dimensions for the walls of any part of the piston

20 skirt, and smaller dimensions -mean lower temperature

21 . differences as is well-known.'

22 The piston is cooled from the inside with

23 splashed oil. The piston is cooled from the outsigie

(). 24 with -- by contact with a cooled cylinder liner of

25 the oil film, and the thinner the wall the more --
7

.. .- .. -. . , - . . . . - . . . . . . - - - . _ . _ . - . - . - . - - -
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wrga 1 the less temperature differences between the inside

2 of the piston and the.outside of the piston skirt.

s 3 but, of course, this temperature difference is in

b
4 this design of piston, this two part design was --

5 with oil cooling of the crown and which by that

6 preventing of a lot of in-flow from the combustion

7 chamber into the crown for such oiston temperature

8 difference as has been already mentioned yesterday,

9 I think, is very small in the skirt, and with higher

10 strength materials this can even be further degree

11 in proof.
,

12 MR. DYNNER: Dr. Swanger. I'm so rry,
f

13 thank you, Dr. Pischinger. My question was directed

(). .14 to your testimony, is it true -- your testimony was

15 true with respect to thermal distortion.

16 DR. SWANGER: It would be true for

17 thermal distortion for the reasons that Professor

18 .Pischinger gave.

19 MR. DYNNER: Thank you.

20 (There is a discussion off the record)

21 JUDGE BRENNER: We're coing to go back on

22 the record now.

23 BY MR. DYNNER:

() 24 O. Dr. Pischinger, let me go back just for

25 one second.

_ . ._.__ . . . . _ _ . _ - . _ . _._ _._ ___. . _ . _ _ _ _ _ . _ . _ ~ . . _ _ .
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wcgo i The two engine skirts and the engines you

2 ref erred to, the MANL 32-36 engine s what is that

3 piston skirt made out of?

wJ 4 DR. PISCHINGER : If I recall right, it is

5 aluminum alloy.

6 0. And the MWND-5, is that aluminum also?

7 DR. PISCHINGER : Aluminum piston skirt.

8 It has.no affect on the calculation, of course.

9 DR. SWANGER: Judge Brenner, the one

10 minute break we had was enough to absolutely resolve

11 the difference between our calculations and

12 Professor Christiansen's calculations, if you would

. , 13 like to know the origin of discrepancy.

14 JUDGE BRENNER: Is that okay with you,

15 Mr. Dynner?

16 MR DYNNER: I'd he delighted to know it.

17 DR. SWANGER: Ref erring to County Exhibit

18 18, on the first page of that exhibit, coint number

19 five, it is written: " Effective thrust area on

20 skirt equals skirt height times cylinder bore

21 divided by the square root of two."

22 In my experience, eight years with the

23 engine parts division of Imperial Clevite

24 Manufacturing sleeve bearings for such engines. I
.{ }

25 have dealt extensively with the concept of unital

.

- , - . , ~. - _ - , . , . .- , - -, - n
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wcga 1 pressures, and the standard definition for unital

2 pressures would be strictly a height times a

3 diameter. The factor of square root of two is

4 non-standard in this type of calculation.

5 FaAA's calculations and Professor Pischinger's

6 calculations are done with the standard definition

7 of unital pressures, not with what we feel is the

8 non-standard definition in the County's exhibit.

9 That f actor accounts for the diff erence in the
10 numbers reported.

11 DR. PISCHINGER: May I add that figures

12 given for the other comparable engines or engines in

13 comparison are, of course, all calculated according

14 to the same definition. That means still are-)
wJ

15 comparable, that means that steel engine with at

.16 least 36 higher side thrusts are in operation.

17 JUDGE BREUNER: So it would be -- I want

18 to make sure that we've got all the terms equated,

19 Dr. Swanger, what you had calculated would be

20 multiplied. The way you would caluclate it would be

21 to multiply the skirt height times the cylinder bore.

22 DR. SWANGER: Yes. That would give you

23 the projected area of the skirt. Its diameter times

24 its height and that is the standard technique f or
(~}su.

25 computing unital pressures.

-- - - - -. , _ _ . _ - - - _ , _ . . - - .-, .
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'

w ga i BY MR. DYNNER:

2 0. Is there some textural authority that you

3 can give us for your stating is the standard
f)N' 4 technique?

5 DR. SWANGER: Since we just discovered

6 this discrepancy in a one minute break. I can't give

7 you the textural ^ reference now, but I'm sure if you

8 look in ASME Wear Control Handbook, for instance, in --

9 JUDGE BRENNER: I'm sorry, what was the

.10 title?

11 DR. SWANGER: ASME, American Society of

12 Mechanical Engineers. A l s o --

13 JUDGE BRENNER: Yes. I knew that much.

. (~s. 14 But we're --
\_)

15 DR. SWANGER: We'r Control Handbook.

36 Also publications in the Society of Automotive

17 Engineers Literatur.e about calculation of journal

18 bearing pressures would all use the same unit

.l .9 pressure definition.

20 JUDGE BRENNER: Do you want to -- did you

21 include Dr. Pischinger in your question, too, as to

22 whether he had a textural reference?

23 MR DYNNER: Yes. Do you have a textural

24 reference -- I've included any one of them.
{ ';

25 DR. PISCHINGER: So numerous that I have

.. _ _ _ _ _ _ _ _ _ __ _. _ _ _ - . ._- _ -_ . _ _ _ - - - _ . _ _ _ _ _ - - _ - - _ _ _ . . _ _ _ .
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wago I really difficulty now in naming them. Of course,

2 it's German literature, but there are a lot of

3 textbooks which the unital pressure on -- bearing
_

k 2- 4 whatsoever slightly on the surface is the projected --

5 the force divided by the projected area.
.

6 O. Dr. Swanger, doesn't your statement

7 assume that the bearing -- that the journal sits in

8 a bearing and contacts the surface over 180 degrees?

9 DR. S4 ANGER: As Professor Pischinger had

.10 said, knowing the exact distribution of pressure

11 around the skirt, it's a very difficult problem in

12 elastohydrodynamics to solves therefore, for rule of

13 thumb or design guideline calculations such as this,

14 simplifications have to be used.

e: 15 The one that is in use in the diesel

16 engine industry is to divide unital -- is to define

.17 unital pressures as projected areas, diameters times

18 lengths with no other correction factor.
.

19 MR. DYNNER: Judge Brenner, if you're

20 ready, we have --

21 JUDGE-BRENNER: I'm ready.

22 MR. DYNNER: We have unfortunately only a

23 limited number of photographs. We have two copies

r^3 24 of the photograph, we tried to get extra copies. but,
V

25 unfortunately, the photographic store has not

- - _ , . . - - . . . _ , - - _ - . - ._ _ .. - - . - -_,
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wcgo I cooperated and I. don't know where the extra copies

2 are now but they will be furnished later.

3 We would like to distribute at least one
(3
'J 4 copy. show the copies to counsel and the staff, and'-

5 have a chance to ask the witnesses a couple of
,

6 questions.

7 The photographs in question, just for the

8 Board's information are in the first place a

9 photograph taken by Mr. Bacchi of Ocean Fleets and

10 during the June 1984 inspection of the AE cylinder --

11 of the AE piston skirts at Shoreham. It is a

12 picture of the scuffing on EDG 103 piston skirt

13 .which is ref erred to in the County's direct
,

/7 14 testimony.
'J

15 And the other photograph is of a piston

16 removed from EDG 103 during the,same time, which

17 shows the scoring that is alluded to.

18 We do not have these photographs

19 available in time to attach them to the direct
20 . testimony, but.i think that they would aid and

21 assist the Board in understanding that testimony as

22 well as in eliciting some cross-examination

23 testimony from this panel about what these marks

-A 24 .mean.
U

25 JUDGE BRENNER: All right. We ll, I'll

. . . . - . , __ .- -. ._. ..-__-__ , _ _ _ - - - - . - - ,_ _ . _ , _ - . . . . , . _
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wngo J 1et you get them marked for identification, we're

2 going to have to work out the logistics of looking

3 at it here, and we'll let you go with it subject to

4 your representation that you're going to be able to ,

5 tie them up as being what you represented them to be,

6 presumably, through your witne sses.

7 When they get on the stand it may be yo's

8 don't have to do that because it may be these

' 9 witnesses can do that for you, but if they can't,

.10 you'll have to reraember to close the 1000 in order

1.1 for us to use any of this.

12 We have only two copies.

13 MR. DYNNER: I'm sorry.

14 JUDGE BRENNER: Why don't you let us look
,cs

'wb
15 at it for a moment and then we'll give i t back to

16 you, somebody else.

17 You have two photos.

18 MR. DYNNER: Yes. I want to give you the

19 other one, we're going to try to keap these

20 separate, we're going to mark them for

21 identification. It might be less confusing to do

22 them one at a time.

JU.GE BRENNER: Can you get i t for the923

24 reporter tomo rrow, the additional copies?

25 MR DYNNER: We've got people trying to

i

s

- -w ---g - - - , - - - , - --,,e , m ,w y y ,e - m =--
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wngo 1 bring them up by car somewhere. We had a foul-up.

'2 JUDGE BRENNER: See if you can get them as soon as

3 oossible so we can use them in as close in time when wa use it.
(''\

'

\~/ 4 MR. DYNNER: The first -- I have to read

5 it Joe.

6 JUDGE BRENNER: I'll do it. It ref ers --

7 the first photo, Suffolk County Exhibit 71 for

8 identification has been labeled by the County, a

9 photo of a piston removed from EDG 103 taken hy

10 Anesh Bakshi at June 1984 at SNPS.

11 JUDGE BRENNER: Unfortunately, as Judge

12 Morris points out, you've entitled both ohotographs,

13 we didn't get to the second one yet, exactly the

14 same. Can we call the first one something and the

V(~~T
.15 second one something else?

16 What was the point of the first one.

17 again? One was scoring and one was scuffing.

18 MR. DYNNER: Yes. I think the first one
.

19 is scuffing. Mr. Brigati will help you out there.

20 JUDGE BRENNER: Add to the title scuffing

21 after SNPS.

22 (Exhibit Diesel-71 is merked for

23 identification.)

24 JUDGE BRENNER: I hooe we can get all the
("\ j]

25 important descriptive things, both the question and'

. _ --. ._ _ . . _ _ _ __ .-_ _ _ _ _ _ _ _ . . _ - _ - ~ ., -_ ,_
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wtge I the answer in words on the transcript rather than

2 reliance on the photos and follow it as we're doing

3 it now since we don't have a photo in front of us.

(,j 4 although we have looked at the photo prior to the

5 question.

6 Whenever you're ready. Mr. Dynner.

7 Thank you.

8 BY MR. DYNNER:

9 O. Gentlemen, have you had a chance to

'l0 examine the photograph of the County Diesel Exhibit

11 71 which purports to show scuffing of a piston skirt,

12 you any of you seen an AE piston skirt removed from

13 EDG 103 that had this aopearance which, if I can

14 describe it vaguely, is an U-shaped pattern within
~s

15 the sort of V or U-shaped pattern, there is a darker

16 color material than what appears to be the lighter

17 colored material in the other portions of the skirt.

18 Do any of you recognize this piston skirt?

19 JUDGE BRENNER: Mr. Brigati, while

20 they're doing that, you can show this -- you can

21 show it to the staff.

22 So that the question is -- reminds ne of

23 some other cases that I've been at but the question

24 is have you ever seen this piston?7-
L)3 25 MR. DYNNER: Yes. That was the

. . _-. . . .-. _ _ _ _ _ _ , _ _ , _ . - - . . . . . ~ , , , _ . _ _ .
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. wnga' i ' question.

2 JUDGE BRENNER: All right.
.

3 DR. PISCHINGER: One entrance remark, the picture

U',s is out of focus which makes it very difficult to sayanything4

5 . definite.

6 JUDGE BRENNER: That was my -- it was ny coinion

7 that the picture appeared to be out of focus also. As to

8 the .second part, you'll have to testify to that, whether you

9 can tell anything or not.

10 MR. YOUNGLING: Judge Brenner, none of us have

11 looked at the pistons in the 103 engine after thay were

12 removed --

13 DR. PISCHINGER: of the present.

' 14 MR. YOUNGLING: After they were removed to
j}

15 replace the engine blocks however, the pistons were all
-

inspected as part of the DROR program during that repair,

16

17 - process and found to be acceptab.le.

18 Perhaps Dr. Pischinger could comment on the

19 photo, if he feels he can.

20 JUDGE MORRIS: Before he does, you said they were

21 insoected, Mr. Youngling, by whom?

22 MR. SEAMAN: The pistons were insoected by 1R04

23 personnel, quality control personnel associatad with the

24 Owners Group.-( }
25

J

|

v ,,. - ,,-,-.,m ,_,.y . - , , _ . - . . . . . _ ..,~,~.---.___.._.----.,-w__ _.___-,._,,-,__._,_..m.---__.,_ -__w e . . - . - - , - _ - --
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w;gs i JUDGE BRENNER: Well, some of them may or

2 may not have been local people. DdQR is a

3 conglomerate or conglomeration. Did any LILCO

7s
() 4 people look at it?

5 MR. YOUNGLING: Yes. Test Engineers in

6 the start-up organization who were supervising

7 rebuilding the engine l ook ed at them, in addition

8 there were TDI personnel on site supervising the
i

9 rebuilding effort who also looked at them.

10 JUDGE BRENNER.: I wasn't very clear. I'm

11 so rry. J understand that anybody would have useda

.12 them in the work may have seen them. I meant people

13 looking at them for the purposes of inspecting it.

14 were there any LILCO personnel --~

k
,

15 MR. YOUNGLINGS. Standard practice whenm

16 you take an engine apart.

17 JUDGE BRENNER: Dr. Pischinger, you were

18 invited by one of your colleagues on the panel to

19 comment further, if you thought you could.

20 DR. PISCHINGER: Yes. Of course. I am

21 willing to say something, but, of course, with very

22 much precaution of the out-of-focus picture.

23 May I say this, it reninds me. I know an

24 expert who had been shown a cross-section of a ,

-

(_)
,f

/
25 sausage as a metallograohic structure and he

.

- ,_--m- ----r , -----w..,--.-..y - . .. . . - - - - . . - - - - - . - . . , - , ..-__._.,___y-..m-,-.- r.-
_
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w!,go 'l identified it as nodular cast iron.

2 JUDGE BRENNER: Your point is well taken

3 as stated. Stated by you much better than my poor
7,s

$
'- 4 attempt to remind Mr. Dynner that he was having to

5 tie up the pedigree of that photograph with his own

6 witnesses if the witnesses here could not and he'll
7 keep that in mind.

8 We'll also not try to qualify his expert

9 witness as an expert.

.10 DR. PISCHINGER: But, of course. I will

11 do my best with all precautions.

12 You have to be aware, it looks to me as

13 if the tin plating of this. piston partially is worn
.

rT 14 in the black or dark colored area.
U

15 This would be not so unusual, because

16 with all this tin plated pistons, the tin olete is

17 used for break-in purposes, during breaking to give

18 further safety, and it usually wears af ter short or

19 longer time depending on the thickness of the layer,

20 and the break-in condition obtainedt so the only

21 thing I can say, there is a difference in color, one

22 color, let's say, silver shining in the photograph

23 seems to be tin layer which is still there or at

T''s - 24 least partial layer and the darker colored area
V

25 seems to be a tin layer which is already worn that

. . ._ -. . . _ _ _ -_ -. .. _ _ - . - . . - _ - . - . .
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w ga 1 the normal way.

2 As far as I can see by this focus, there

3 is no sign of scuffing nor scoring.

() 4 0. When you testified, Dr. Pischinger, it

5 would be worn in the normal way, worn after how many

6 hours of operation, that certainly would be a
,

7 consideration, wouldn't it?

8 DR. PISCHINGER: Certainly. It depends

9 upon the -- again, as I say, on the thickness of the
10 tin layer of the way of operation of the hours, of

11 the lubrication oil, a lot of influences are there.

12 It is not unusual af ter severe operation --

13 severe I mean parts of over load, that means higher

14 than the usual one hundred percent load that tin
-_

(s'-,)
15 layer is worn out earlier than if you have |

16 continuous operation at lower load, below the

.17 highest load.

18 0. Can anyone on the panel tell me how many

19 hours the EDG 103 ran with the new AE pistons in

20 them before the engine was disassembled for the

21 inspection in June?

22 JUDGE BREN:4ER: That's the question.

23 Just before that, I want to make sure I'm hearing

24 you correctly, Dr. Pischinger.
V, 3
,

25 Are you saying tin layer rather than thin

- .- _ _ . - - __- -___ - -. - - _ _ . . . - - . - - - - - - .- -.
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w;gn I layer?

2 DR. PISCHINGER: Tin, the metal tin.

3 JUDGE BRENNER: That's what it soundedgg
\_/

4 like. I just wanted to make sure.

5 DR. PISCHINGER: Not a thin but a

6 tin. Maybe a thin tin layer.

7 JUDGE BREN9ER: Mr. Dynner's other

8 question is pending.

9 MR. YOUNGLING: Diesel engine 103,

10 operated approximately 530 hours prior to the time

il that the pistons were removed in June, and I should

12 also point out that after the block rebuild, these
1

13 pistons were put back in the engine and have

( }) 14 operated successfully for an additional 250 hours

15 approximately.
.

16 0. Mr. Youngling, of the 530 hours, you say

17 the AE pistons were run prior to this insoection in

18 EDG 103. Can you tell me how many of those hours

19 were at or above a hundred percent load?

20 MR. YOUNGLING: Between 103 and 125 hours.

21 0. Dr. Pischinger, in your experience, wo' f i d

22 you think that the tyoe of markings shown in this

23 photograph on this piston skirt would he expected on

24 a skirt that was run for about 5 30 hours, 100 to 125()
25 hours of which were at full or above f ull load of

26 3,500 kw?

. . _ _ _ - ._ _ _ . _ - . _ _ _ -_ .. - . --
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wega i DR. PISCHINGER: That's not unusual.

2 May I, perhaps for understanding it,

.3 those engine people who are only familiar with
j-

4 coated pistons of other types where the coating is'-

5 of a dark color, they are usually surprised by the

6 pictures because if this dark colored layer wears,

7 then there is no big difference in color, and it

8 doesn't look so interesting.

9 In this case, you have the difference of

.10 . the colors of tin and the cast iron surface which
11 in'the first moment gives you an opinion of what

12 have we here, but all source of wear, within several

13 hundred hours of operation part of it being full

14 load.( }.
15 O. Gentlemen, you have responded in part on

16 page 61 in your answers 96 and 97 to the County's

.17 direct testimony about their interpretation of the

18 scuffing on this particular piston. I just want to

19 be sure that I understood. Is it correct .that none

20 of you gentlenen individually inspected the scuff ei

21 piston to which the County has ref erred and which

22 this photograoh represents, as will be established

23 later on?

k'.'/)
24 MR. YOUNGLIN3: As Dr. Pischincer has~

25 testified, this is not a scuffed piston, and, yes.
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wago 1 you're accurate that we have testified that we did

2 not personally inspect them in June.

3 0. All right. Did you inspect this -- any
,,_

- .4 of the pistons which, according to your own exhibit

5 32 -- if you'll turn to Exhibit P-32 for a moment.

6 you will see the last seven pages of that cover

7 inspection reports on EDG 103 and relate to what is

8 called here scuffing of pistons five, seven and

9 eight on EDG 103 during inspections that took place

10 apparently in March of 1984.

11 Now, were these piston skirts that are

12 identified as five, seven and eight that were

13 inspected and then dealt with in the -- these DROR

('"x 14 reports or reports that made part of the OdQR report.
O

15 would any of these - 'the piston skirts that were

16 made available from the disassembled EDG 103 for the

17 County to inspect in June of 1984?

18 JUDGE BRENNER: While they're considering

19 their answer, it's 3:30, we're going to break after -

20 this answer. I hope you are over in the time we have

21 set for you.

22 What did you have left to get to?

23 "R DYNNER: The few quick questions on

24 , the other photograph end I sucpose maybe twenty[' ';
25 minutes on the balance of the cross-examination olan.
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waga i JUDGE BREN'JER: For the life of me. I

2 don't understand with why you decided to waste your

3 first half hour this af ternoon on looking at thoses

('-) I

4 articles.

5 There are other engines that the

6 witnesses - .the articles at least with which the
7 witnesses were not f amiliar and then wait until your

,

8 time is up to ask particular questions about the

9 Shoreham pistons. That's the problem you have.

.10 MR. DYNNER: Judge Brenner, we're going

11 to forget this other picture.

12 JUDGE BRENNER: . They're still preparing

13 the answer. This may be a good time to break.

14 We'll give you fif teen more minutes af ter the break.() '

15 You can include the -other picture or not. It's up

16 to you. It's going to be your-fifteen minutes.

.17 MR. DYNNER: I think I've heard this

18 before in other contexts and I will do my best to

19 try-to speed things un as much as I can.

20 JUDGE BRENNER: I think you may know it's

21 uncharactheristic of us to -- I don't thin % you've
'

22 merited the other fifteen minutes. I want you to

23 know that in the past there for one or two times

24 where we gave you additional time where we thought()
25 it was merited. I don't think it was merited here

:

_ - -. . . _ . -_ ,._ ,._.._.- _ _ _._ ~ _ _ . . _ _ _. _ _ _ . - . _ . _ _ .
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w;ga i because while you may still have a few things to get

2 to we'd like to hear, you went through other things

3 first which weren't necessary to go through to get
,_s

( )'" 4 there.

5 I also took some of your time in my

6 questions of that article. _just to. I thought.
7 emphasize to you the-problems with using articles

8 like that when witnesses are not f amiliar with them.

9 and.I take that into account, too. I procably could

10 have refrained from doing that, protected your time

11 for that ten minutes. Ne'll come back at 3:50.

12 (Recess)

13 JUDGE BRENNER: All right.

14 Mr. Dynner, you may complete your{'>]
.15 cross-examination now. It's 3:50. Keep an eye on

16 the clock and come to a logical conclusion befor.e

17 five.

18 BY MR. DYNNER:

19 0.- Yes. There was a pending question.

20 gentlemen, as you'll recall, whether any of the

21 piston skirts that are shown on Engine 103 in

22 Exhibit P-32 are the same as the skirt with these

23 marks which was inspected in Jur.e by the County. Do

24 you have an answer to that question?{}
25 MR. YOUNGLING: Yes, Mr. Dy nner.

I

- - . - , , , , - - -
- , ,--,-.---n -a, ,-- -.- , . - - - , - - . . - . . . , . - n_,--n- ---,,,n y,,-- - - - , . ,- ,
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.wcgs i As part of DROR program. TER number

2 0-500, a visual inspection of all eight of the

3 pistons was performed during the block replacements

4 outage. That would have included this ciston.

5 The results of that inspection showed,

6 and I'm reading from the document, no unusual

7 scuffing or scratching was observed on the outboard

8 portions of the piston and piston skirts.

9 Q. Is that document in the group of

10 documents in Exhibit-327

11 MR. YOUNGLING: Yes, it is. You should

12 go from the back of the exhibit, and if you go

13 forward, one, two pages.

(^, 14 0. Mr. Youngling, can you identify for me
,)> >

15 ' who made the decision that this -- that the markings

16 on these -- on the pistons shown in the photograph

17 that we've given you to look at has no unusual

18 scuffing or scratching on it?

19 MR. YOUNGLING: These inspections were

20 performed by members of the DdOR program in the
.

21 quality assurance arm of that program.

22 MR. FARLEY: Mr. Dy nne r , I think there's

23 a failure of communication. Either you're waiting

f''s 24 for an answer or the panel is waiting for a question.
U

25 MR. DYNNER: I'm sorry. I was waiting

, . . -. - -- . .. .- - . . _ - - . -.- _ _- . . - . . - . - .
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wage I for you to identify the individuals who made this

2 decision. ,

3 MR. YOUNGLING: I'm sorry, Mr. Dynner.
,

N/ 4 MR. DYNNER: Thank you. Mr. Farley.

5 MR. YOUNGLING: If you look at the

6 exhibit on the bottom, there are sign-offs of the

7 signature of the individual who prepared the

'8 inspection recort, and a rev;ew by signature.

9 These were both Stone and Webster employees
,

10 working in the DdOR effort.

11 0. So it's your testimony, Mr. Younaling.

12 that the subject piston shown in the photograoh is.

13 in fact, not covered by one of the inspection

14 reports in the earlier pages which refe rred to().
%)

15 pistons five, seven and eights is that correct?

16 MR. YOUNGLING: No, that isn't correct.

17 Since I don't know what oiston that is. I .

18 can't make a determination as to whether it was in

19 number five, seven or eight cylinder.

20 JUDGE BRENGER: So the sign-offs here

21 that you're talking about are the ones on the second

22 to the last page.

23 MR. YOUNGLING: Yes, judge.

24 JUDGE BRENdER: Sign-offs on the last

25 page of Exhihit 2, is that part of the same

.
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wnga I inspection report?

2 MR. YOUNGLING: Yes, it is. It's a

3 follow on document to take care of the second
[l
\~/ 4 paragraph of the -- the concerns in the second

5 paragraph of the previous page dealing with the

6 ' carbon problem.

7 JUDGE BRENNER: Those sign-o f f s have

8 LILCO people as well as S & '1 people according to

9 the printed boxes. I don't know if the signatures

10 are --

11 MR. YOUNGLING: Yes, there are Stone

12 Webster people on there. There are start-up

.13 personnel, and there are LILCO quality assurance ,

.

14 personnel.
)

15 If you'd like. I can identify the LILCO

16 employees.

17 JUDGE BRENNER: I don't need it. It's up

18 to Mr. Dynner.

19 0. Mr. Youngling, I just want to be sure

20 that I understand your testimony, because in the

21 first couple of pages on EDG 103, there is a

22 document called 0 159 followed by LDR number 2193

23 that do identify scuffing on piston skirts for

24 numbers five, seven and eight pistons, and attachei
b''}

25 to that, on the back, there is a document that

-

h
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wnge I appears to be from DeLaval dealing with those

2- pistons, number five, seven and eight, that aopear

3 to have scuffing. I just want to be sure that
r\
-) 4 you're certain, if you can be, that the piston skirt

5 shown in the photograph is not, in fact, either five,

6 seven or eight.

7 MR. YOUNGLING: Mr. Dynner, I am certain

8 what I testified to.

.9 TER-159 was an inspection performed after

10 the pre-operational program, but the aoproximately

11 100 hours on the pistons at greater than or equal to

12 3,500 kw.

13 At that time the engine 'was taken down

~s 14 and disassembled.
(d

15 Three of the pistons were looked at under

16- the program TERO 159 was generated.

17 Then in .May -- I'm sorry , in April of

18 1984 -- as part of the repair of the engine to

19 replace the engine block, we dismantled the engine

20 again and pulled out all eight of the pistons and

21 performed the inspection covered by TERO 500.

22 Now, since I don't know what piston this

23 is, I cannot identify whether it is five, seven or

24 eight. So I can't tell if it relates to the TER 159.
{~)

25 MR. FARLEY: And this, for the record, is

- - ._ - _ . _ . _ _ - _ - _ _ , _ . . _ - _ - _ _ ._ _ . _ - - _ - _ . . _ - _ _ _ _ _ _ _ _ . _
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wngs 1 County _ Exhibit 71 for identification.

2 0. Gentlemen, if you turn for a minute to

3 page 69, if the answer to question 110, it stated
,.

(--) that in 1983 the Shoreham EDG's had Koopers piston4

5 rings and were experiencing an excessive amount of

6 carbon buildup on the piston crown as a result of a

7 recommendation of the DROR program, those rings have

8 been replacedt however, with Muskegan piston rings.

9 When were those Muskegan piston rings

10 installed approximately?

11 JUDGE BRENNER: Mr. Dynner, if your

12 interest is in relation to some other time, maybe

13 they can answer that, rather than find a particular

14 * date. Or was it a particular date that you had to(~)
-\_/

15 have?

~l6 MR DYNNER: An approximate day, if I

17 could.

18 JUDGE BRENNER: What I mean is the only

19 significance would be whether it was before or after

20 something else. Why don't you ask then the question

21 in that way.

22 MR. DfNNER: Maybe they have the answer.

23 Do you have the answer?

24 MR. YOUNGLING: Yes. We replaced the{}
25 piston rings on each of the engines at different

.

*

,

- y--e,, - - - eey,rr-e,.-w--- -. - -+y--- - - er - - - - . - - - - - - -- , a
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wnga i times, and as I remember, the last engine was done

2 by March of 1984.

. as an analysis made to find out theW3' O.
2.q

4 source of the carbon that had become built up on the-

5 piston crown?

6 MR. YOUNGLING: As part of the DROR

7 . program and the LILCO e ffort to review the engines,

8 we saw this carbon buildup, and hoth FaAA and Dr.

9 Pischinger, looked at the builduo and resulted in

10 the recommendations that we talk about in our answer

11 to the question 110 in our testimony. I' ll ask Dr.

'l2 Pischinger to comment on his observations.

13 DR. PISCHIN3ER.: Well, carbon buildup is

14 not unusual for -- it's usual in an engine of such{}
15 type.,

16 What we were concerned with was that

17 . carbon. buildup behind the piston rings and near the

18 piston rings on the crown was a little more than

19 usual, which at least could lead to engine wear in a

20 shorter time than usual, and we, therefore,

21 recommended to use in combination with the

22 recommended and now used Muskegan piston rings which

23 have a shape unsymmetrical bell-shaced f ace on tne

24 first ring, which used in combination with this
{ '}

25- rings, a high detergent oil which is, in general,

.

=w=ew----,----n.-m- w..___...,n,. , , , _ _ .
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w2ga 1 beneficial in reducing'such coat buildup.

2 This detergent oils which are widely used

3 also'in marine engines help to dissolve this carbon
,

4 products.'~

5 It is not usual to analyze such carbon

6 products in this region, because it's completely

7 clear where it's coming from, it's formed partially

8 out of soot stemming from the combustion. from the

9 combustion chamber together with products or -- coke

10 products of the lubrication oil, and knowledge of

11 any composition is of no help in assessing of what

12 to do.

13 In combination with this high detergent
_

r~T 14 oil, it was decided to use fuel injection tip with
!)s

15 135 degrees which means sprays are

16 not so much directed to the cylinder walls, is a

17 good experience with' thes injectors, that it also
.

18 reduces carbon buildup.

19 There is experience at the Catawha

20 nuclear power station with the engine that a higher

21 grade detergent oil really sufficiently works and

. 22 prevents this carbon buildup.

23 0. You said that the carbon produc tion -

24 production of carbon buildup was associated with the
.{ }

is25 higher temperatures, with the high temperaturest
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wnga 1- that correct?

2 DR. PISCHINGER: No. I said -- I-
'

.

3 couldn't remember. Did'I say that?
j.

.4 Q. Is 'it associated with high temoeratures
.

<-

,

5 in'the piston crown or skirt?s

6 DR. PISCHINGER: The usual environment in

7- a piston crown is such that has always carbon formed
'

:8 with diesel engines.

9 O. Were all three of these changes made at (
r

10 approximately the.same time, that is to say, the

11 changeover JLn the piston' rings and the use of the

12 higher detergent oil in the new fuel injection tips?- ;

i

-13 MR. YOUNGLING: No, Mr. Dynner. .

.14 Of .the three recommendations ' the
.

15 Muskegan ring recommendation has been f ully

16 implemented. The-change over to the 135 degree tips

.17 has been fully implemented, and we are beginning now

18 to change the oil out-of the engine and

- 19 replace ~it with the higher detergent oil.
'

20 0.. When were the tips changed, approximately? ,

.21 'VR. YOUNGLING: That was accomplished by

22 March of 1984 also. ,

' 23 DR. PISCHINGER: May I add something?

24 MR DYNNER: Certainly.
}}

25 DR. PISCHINGER: Of course, one could

,

I

! h

! -
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w ga i question why not do these changes all at tne same

2 -time. Of course, this problem is --

- ~ . 3 MR. DYNNER: Actually I , don't have that

' b'

4 impression.
,

5 DR. PISCHINGER: It's not urgent.

6 JUDGE BRENNER: He's not concerned with
,

7 that. .

8 DR. PISCHINGER: Because i t's a long

'

9 range wear problem and you could pursue it in

10 connection with the usual inspection of the engines.

11 JUDGE BRENNER: It's almost 4:10, Mr.

12 Dynner, why don't you ask your last question.

MR. DYNNER: Yes, one more. I have to13 .

14 think about that for one second.{}
15 JUDGE BRENNER: Is that a coincidence I.

16 asked you to do it just when you had one more?

17 MR. DfNNER: Oh, no. You know me better

18 than that.
-

19 BY MR. DYNNER:

20 O. Did any of you examine the possibility
,

21 that the carbon and/or coat buildup that was noted

22 in the piston crown might have baen associated with

23 the clearance between the piston and the liner?

24 DR. PISCHINGER: Just to make this{}
25 question clear, what part of the piston do you mean?

!
.

'
.

.,. e -.n- - - - -,e7 --- . . , - - - . . . . - - , , , - - ,e-..n -,.-,,,...,-.o, .,,,,-n - .,-n-------.,,---.,n-, . - . - . , ,---.
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.

wngo l- Because clearance varies over the whole --

2 'O. Yes. The piston crown in the liner which

3 you may know, if you read depositions of Mr. Lowry
,

'/ 4 testified to at one point was a problem which causes

5 a.similar situation.

6 DR. PISCHINGER: We are aware that such

- 7 engine as with TDI engines, when using a marine

8 diesel fuel, that means a heavy oil fuel, heavy fuel

9 oil, where the coke buildup is still nore of a

10 problem, it could be convenient to have a large

11 clearance on the piston crown.

12 We do not think that this is necessary

13 for Shoreham where n, umber two grade diesel fuel.

-rT 14 that means a very good diesel fuel is used.
k/

15 JUDGE BRENNER: Okay. Interesting that

16 you chose your last question a question that at this

17 moment I don't see as being within the contention.

18 but maybe in the final analysis will show me

19 otherwise.

20 MR. GODDARD: I believe *Wis question is

21 best addressed to Dr. Johnson-

22 Would you please reier _, _ILCO Exhibit

23 P-29.

-(^% 24 Within that, I'd like you to turn to Page
(/

25 2 of Donald Johnson's trip report on Kodiak, Page 2,

f

- - - . , - , . - - , , -,. , - - - r ,,m, .,,,,.,,..m.. ,--- .- , ,m, ----.
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w;ga i the final paragraph thereof.

2 JUDGE BRENNER: Which trip report?

3 MR. GODDARD: I'm sorry, February 17th,
,

('_) 4- Page-2 of the Exhibit 12.

5 BY MR. GODDARD:

6 Q. The final paragraph thereof references a

7 three quarter inch indication which was found by

8 penetrant which did not acpear to be a crack like

9 indication upon inspection with eddy current.

.10 Could you tell us what the results of

11 your investigation of that indication indicated it

12 to be?

.13 DR. JOHNSON: First o. all, that

14 indication was not down in the boss area. It was up
(')Tu

15 in the area of the rib. We brought that oiston back

16 to Palo Alto, investigated it in the laboratory,

17 that area, very carefully.

18 That penetrant indication was not

19 reproduceable, that is, we never were able to get a

20 penetrant indication on that area when we returned

21 it.

22 I believe that it's due to the fact that

23 it's awkward geometry to be working up at Kodiak.

24 It was cold where they were working, about 33

25 degrees -- 38 to 45 degrees. It was cold.
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wnga 1 And I' think they simply did not wipe off

2 all the penetrant in the process of doing the

3 initial penetrant inspection.

O 4 0. Did you at any time have occasion to

5 discuss that indication with Donald Johnson?

6 DR. JOHNSON: Yes, we discussed it.
.

7' O. Did he concur in your evaluation there

8 was, in fact, a f ailure to properly remove the

9 penetrant?

10 DR. JOHNSON: Yes, he did.

11 0. Thank you.

12 The remainder of the staff's questions

13 concern the issue of tin plating will be directed

14 primarily to you, Dr. Pischinger, and Dr. Swanger.(])
15 Do you know whether the electroplating

.16 process which resulted in the tin olating of the AE

17 skirts for Shoreham station were done by TDI

18 facility in Dakland? ,

19 DR. SWANGER: We don't know that.

j 20 0. Is there anyone else on the panel that

21 can answer that question as to the source of that

22 plating?

23 DR. HARR.IS: In my discussions with TDI

L(') 24 personnel, my impression is that the tin plating is
ss

25 not done at the TDI plant in Oakland but is done

!

- .-.-.. - - - . , . . , . , - - . - - - , - . , - - - - - - - - - . . - _ . . - ,_
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waga 1 somewhere outside. I've never been informed as to

2 who outside does the tin plating.

3 0. Thank you, Dr. Harris.
,

'l 4 Dr. Pischinger, the NRC testimony at page

5 54 indicates that a plating t'hickness for a piston

6 skirt in an engine of this type, meaning a medium

7 size diesel operating on a good grade number two

8 diesel fuel.would be a thickness of one to one and a

9 half mils is acceptable.

10 Do you concur in that evaluation?

11 DR. PISCHINGER: Roughly, I would say

12 within this range.

13 If it's a lot more tin on it, you get
~

~ 14 this tin migration which is not so favorab1e.

15 O. You used the term migration. Would it be

16 fair to call that smear or balling up of the tin?

17 DR. PISCHINGER : Yes. But with this

18 thickness of thin tin olating, which is done here in

19 this piston, this is a very favorable procedure.

20 It's not the cheapest procedure to treat the piston,

21 but it's very good.

22 DR. SWANGER: I might add in our visual

23 inspections of the pistons, we have never seen

24 evidence of the tin migration or tin smearing that{}
25 was referenced.

.__ __ _ _ _ . __ _ _ . _ - _ ._ _ . _ . _ . , _ _ . - . . _
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wago: 1 0. -How was the thickness of the application

2 of the tin plating controlled in the electroplating

3 process?n
U

4 DR. SWANGER: I don't know the specifics

5 .of how the subcontractor at TDI controls it, but if
.

6 you wish .I can address the general principles for

7 controlling tin plating thickness.

8 0. Electroplating is a f airly common

9 industrial applications is it not?

.10 DR. SWANGER: Yes, it is.

11 0. Fine. Proceed to do that.

12 DR. SWANGER: Tin plating involves the

.13 electro dissolution of tin from tin anodes in an
.

14 aqueous electroplating bath and the cathodic electro()
-15 deposition of that tin on to the article being

. 16 plated.

17 The thickness of plating will be directly

18 proportional to the current density over the surf ace

19 of the item being plated. Where the current density

20 is higher for a given amount of time, the thicknees

21 of tin being deposited will also be hicher.
~

22 In areas where you don't want any tin et
2

23 all, they can be masked off with an insulator such

24 as tape or wax, bringing the essential zero density at()
25 that point with no depositions therefore, control of

:

._ - . . . _ _ _ . _ _ . _ . _ . . . . _ . . _ . . . - _ , _ . , _ . . , . . . . . _ . _ _ , _ _ , . . . _ _ . . _ . . . _ . _ _ , , _ . . . . , _ _ . _ _ _ _ _
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tigo 1 the electric -- of the current density is what

2 controls the thickness.

3 The methods of controlling the current
-

4 density are primarily geometric and chemical. The' ' '

5 geometric methods are to place anodes around the

6 part being plated such that every portion of the

7 part being plated is about equidistant from a source-

8 of the tin, from the anodes, for instance.

9 The chemical means of controlling the

.10 thickness is referred to as the throwing power of an

.lj electroplating bath and is basically proportional to

12 the conductivity of the aqueous electroplating bath

13 itself. The higher the conductivity of the bath.

.14 the more e.ven the iso potentials within the bath are,(}
15 so the more even the current density is.-

16 With tin, especially, it is easy to get

17 highly loaded high conductivity baths and tin is

18 known as.being one of the plating metals with the

19 highest throwing power, meaning that electroplated tin

20 is about the most uniform metal which can be

21 deposited by electroplating.

22 0. Thank you.

23 If I understood you correctly, clease

(]) 24 correct me if I did not, the descriptions you gave

25 would indicate how you would expect to get an even

:

-. _ _ _ . _ . . . - . _ . _ _ . _ _ . _ - . . . . . . _ _ _ . . _ . - . _ _ _ . _ , ~ , _
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wngi 'l or equal thickness of deposition of the tint is that

2 correct.

.3 DR. SWANGER: Going past the point where
'

'

4 I discussed masking, which is intended to keep tin

5 off of the part, yes, the principles that I talked

6 about could be used to put down an even layer of tin.

7 A high conductivity bath and an even spacing of

8 electrodes would all'be aimed at achieving a uniform

9 thickness of tin on an electroplated part.'

JO 0. Right. Dr. Swanger, as opposed to the

11 uniformity of the thickness of the plating, how

12 would you determine, during the plating process,

13 when you have achieved the desired thickness on a
*

14- uniform basist in other words, I'm <:oncerned with{}
15 the uniformity question as much as I am with the

16 overall thickness, the addition to the OD of the

37 piston skirt.

18 DR. SWANGER: In my experience, the best

19 .way to do that is to monitor the overall plating-

20 current being used and to calibrate that against

21 measurements of current versus time.

22 If you have the correct integrated value

23 of the current times the time, you will have through

/~) 24 'Coulombts law deposited the proper amount of tin on
(/

25 the part.

;

3

!
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wnga 1 Q. Thank you.

2 I take it from your description of how

3 you .would apply the tin in a uni. form manner thatj

%>) this.would then operate the control concentricity of
(

4

5 the application?

6 DR. SWANGER: Directing the discussion

7 now to the tin plating of AE pi.ston skirts, yes.

8 This is how one would achieve a concentric layer of

9 tin on the OD of the piston skirt.

10 Q. Thank you,

11 If these processes such as you've

12 described for monitoring the application were not

13 followed during the slectroplating process itself. I

14 would assume that in an easy way or an accurate way
)

15 to determine the thickness of the application would

16 be by measurement of the other outer diameter of the

17 piston before and after the application of the
i

18 plating processi is that correct.

19 DR. SWANGER: In the case of pistons

20 where the diameter changed from unplated to plated

21 is three thousandths of an inch on a 17 inch nominal

22 diameter part that is possible in theory, but I

23 think it's a -- it's not the way that would be most

24 efficient for maintaining it.
(' }

25 One of the facts of life of tin olating

.

- . . _ _ . . . , _ . _ _ . . _ . , . . . , . _ _ , _ . _ . . _ _ _ _ _ . _ . . _ , _, _ _ . . _ _ . , _ . . . . _ . _ _ _ _ , . _ _ _ _ _ _ . . _ . . _ .
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wnga 1 is that tin is expensive. It costs about seven or

2 eight dollars a pound, and electro platers take

3 special care not to put too much of this valuable

() 4 material on their parts.

5 O. Especially if the part is the size of an

6 AE piston skirt.

7 DR. SWANGER: Yes.

8 Q. Mr. Youngling, to the best of your

9 knowledge, did LILCO in their recent inspections of

10 these pistons take any steps to measure the

11 thickness of the tin plating on those pistons?

12 MR. YOUNGLING: No, we did not take any

13 steps to measure the thickness of the tin platingt

14 however, as part of our inspection of the pistons,s

U
.15 prior to release for shipment from TDI, we performed

16 measurements of the pistons including measurements

17 of the OD of the pistons to insure that they

18 conformed to the design specifications.

'
19 DR. PISCHINGER: May I a dd, shortly --

20 0. P. lease, Dr. Pischinger.

21 DR. PISCHINGER : In addition, it should

22 be noted that no tin migration or how do you call it.

23 smearing problem, is known, number one.

24 Number two, to my experience, a li ttle
O 25 too thin tin plating is usually no problem.

.
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'w ga 1 0. You say a little too thin tin plating is

2 no problem. Meaning that you would not, in fact,

3 have_to do any tin plating at alls is that correct?
-

4 DR. PISCHINGER : Yes. These pistons\'

5 usually run with no tin plating, tin plating being

6 some additional comfort.

7 0. Mr. Youngling, in the process of the

B recent inspections, do you know whether LILCO

.9 reviewed any process documents which dealt with the

10 tin plating of these piston skirts?

11 MR. YOUNGLING: As part of the inspection

.12 done by LILCO prior to releasing the pistons from

13 the factory, one of the attributes that Stone and

14 Webster inspectors had to fook at was a review of}
15 the routing sheets which are used by TDI in the

16 manufacture of the piston.

17 I don't have those documents here, but es

18 partHof those. routing sheets, as long as there was a

19 sign-off for the tin plating, there would have been

20 a review that the tin plating had been done.

21 In addition, the insoector had to perform

22 a visual inspection of the piston in conformance

23 with the design documents, and he would have noticed

('T 24 if the tin plating had not been done.
%)

25 O. Well, visually, I guess we all would have



._

J22451.0010 01

w ga- 1 noted if the tin plating had not been done. As Dr.
'

2 Pischinger put it out you've got a dark colored

3 nodular. Iron cuffed with a very light colored tin.

O>

N/ 4 so if it hadn't been done it would be somewhat

5 readily apparent.

6 What I'm asking is whether there were any
,

7 process documents reviewed by LILCO upon taking

8 receipt of these pistons which indicates the

9 appropriate thickness of the plating.

.10 MR. YOUNGLING: We've reviewed some

11 information here on the routing sheets and there is

J2 a check-off point that the tin plating had to be put

13 in place. It's indicated as being bought out,
,

14 meaning it's done outside on a subcontractor basis.
)

15 That is the degree of documentation that
'

16- we have reviewed to insure that it was done properly.

17 In addition, I'm sure that TDI has

18 specifications as part of their drawings to insure
19 that the proper thickness is specified.

20 0. Does that complete your answer?

21 MR. YOUNGLING: Yes, i t does.

22 0. You indicated that upon recelot you

: 23 mentioned the outer diameter of the pistons and

24 found them to be in conformance however, as Dr.
(o~}

25 Swanger testified, measuring for the existence of

.

1

- e
_
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wrgo 1 one to one-and-a-half mils on each radius of a 17 |

2 . inch piston does not really comport with real world

.3 tin plating, I believe.

f")x In regard to those inspections, was that(- 4
'

5 the only inspection done by LILCO which might

6. evidence the thickness of the tin plating?

7 DR. SWANGER: If I may, I might just
,

8 clarify my comment.

9 In order to know the thickness of the tin
.10 plating. you'd also have to know the preexisting as

.

11 machined diameter of the piston.

12 There's certainly going to be a

13 manufacturing tolerance on that, and something this

14 size is probably one to two mils and that would add

15 that much to the uncertainty of a -- an imputed

16 thickness of tin.

17 Without knowledge of what that

18 preexisting diameter is, that's why I said it was

19 difficult to determine the tin plating thickness by

20 direct measurement of the OD.

21 0. Thank you.

22 Then in view of what you just said, it

23 would be impossible to draw any conclusions to the

24 thickness of the tin plating by virtue of the

O-
25 receipt inspection measuring the ODsl is that
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orgo 1 correct?

2 DR. SWANGER: No, I don't think that's

3 true either. Because there is a specification for

O'/ 4 the machine OD of the piston prior to plating and by

5 computing the stack-up of the tolerances, you can

6 draw a conclusion as to the limits of what the tin
7 plating thickness would be.

8 Q. Dr. Swanger. do you know what the

9 tolerance is on the manufacturing OD of the piston

.10 prior to plating?
.

|

j 11 DR. PISCHINGER: Yes, we can te ll you.
:

12 Just a moment.

13 JUDGE BRENNER: While they're looking.

- 14 gi've me just one moment, Mr. Goddard.
'

15 DR. SWANGER: In answer to your question,

'

16 yes, I do know what the tolerance is on the diameter
' J7- before plating.

.18 0. And that is?

19 DR. SWANGER: It's a range of four

20 thousandtns of an inch.

21 0. Then the measurement of the OD after

22 plating could, in f act, indicate a tin thickness of

23 eight mils possiblet is that correct?
|

(N /~)
24 DR. SWANGER: Assuming a minimum size

|
!

25 manufactured oiston and a maximum size after plating.
|

|

!

i
1
!

L
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trgo - -1 the drawing indicates that it is possible to have

2 three-and-a-half mils of tin thickness on the piston.

.
3 0. That's three-and-a-half on the radius.

,O
kJ 4 seven on the diameter.

5 DR. SWANGER: That's co rrect. I

6 testified to the thickness of it.

.7 Q. I just wanted to make sure that we're

8 together on that.

9 DR. SWANGER: 1.can point out the danger

10 of this kind of thinking by looking at the other

11 extreme in tolerances.

- 1;2 It's possible to have a negative one

'13 thousandths of an inch of tin on the diameter.
~ 14 Q. I think not.

k_)g
15 JUDGE BRENNER: At some point. Mr.

16 Goddard, I'm going to ask you it might -- in how

17 many mils difference in terms of materiality is the

18 issue before us?

19 One thing, I assume all these answers

20 were without regard to the measuring capability of

21 the measuring equipment and on and on and on.

22 MR. GODDARD: That is correct. We are

.23 concerned about thickne sses, let's say.

24 substantially in excess of the one to one and a half
)

25 mil range based on the application and the greater

.
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tnga 1 fuel for this type engine.

2 JUDGE BRENNER: Well, I don't know what

3 you mean by substantially in excess, and we're
,_

'' 4 talking here about one and a half mils, three mils.
.

5 four mils.

6 MR. GODDARD The staff would be

7 concerned if it were in the three three-and-a-half

8 mil range as indicated which would be the maximum

9 possible under the manufacturing tolerances as

10 testified to by Dr. Swanger.

11 JUDGE BRENNER: All right. If that's the

12 case, I guess that's why you've asked your questions.

13 DR. PISCHINGER: May 1 --
.

(~T 14 JUDGE BRENNER: Let's -- no. there is not
\-)

15 a pending question. I don't believe.

16 MR. GODDARD: The staff has no further

17 questions for this panel.

18 JUDGE FERGUSON: I'd like to ask the

19 panel a few questions at this time. Before I do,

20 let me ask whether or not you have benefit of

21 Tuesday's transcript, do you have that available?

22 BY JUDGE FERGUSON:

23 0. What I'd like to focus on first is some

/~T 24 concerns I've had about our discussion of crack
V

25 initiation and propagation, so we're coing to
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4094 I re-visit that for_a short while, and the exhibit

2 that I want to use in that discussion is Exhibit P-9
3 so if you could have that in front of you, it would

n
_! ) 4 _be helpful.

5 I want to ask just briefly about the

6 concern that I have regarding the engine cylinder

,7 pressure logs.

8 Those engine cylinder pressure logs are

9 divided into two general categories. One is

10 pre-crank shaft failure category and one a

11 post-crank shaft replacement category.

12 Is the panel following?

13 DR. PISCHINGER: Yes.

14 0. Now, I'd like to very briefly look at the

15 first set of logs that have to do with the pre-crank

16 shaft failure.

17 I see they're logs for EDG 101, 102 and

18 103, and just looking at the numbe'rs in those logs,

19 and these are pressure values, I believe, we can

20 sort of eyeball those numbers on EDG 101 to get an

21 average, perhaps, of around 1550 for the pressure,

22 and they're all about that number, and if we do the

23 same kind of quick averaging for EDG 102, it's

24 slightly higher, maybe 1625 or so, and then when we
b' 25 look at 103, again, a rough eyeball aversoe might be'-
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w g3 i a cylinder pressure of maybe 1525 or 30.

2 Keeping those numbers in mind, and

_
3 turning forward to the post-crank shaf t replacement

l 4 logs, we note immediately that for 101 the average

5 is somewhat higher.-

6 If we look at the log for 102, it may be

7 slightly higher than what we found in the pre-crank

8 shaft replacement logs.

9 And that same comment as to 103.

10 Now, the first question that I'd like to

11 ask is what is it -- or what can we ascribe the
12 differences between, say, the average of the

13 cylinder pressures pre-crank shaft failure to

.(^3 14 post-crank shaft replacement.
RJ

15 MR. YOUNGLING: Judge Ferguson, let me

16 point out to you one possible diff erence.

17 If you look at the procedures that

18 implement these testing requirements, these are base --

19 what we call base line data.

20 What we're trying to do is prior to

21 releasing the engine to plant staff of oermanent

22 operation, we just take the engine to soproximate

23 full load condition and take a set of base line data
24 so they know for approximately full load, so there

)
'25 is a possibility of a difference in load of a couple

.

..s___.-----_.__.-_-_...__.._. - _ _ - _ _
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Urg3 I of, maybe, 25 kw, so forth.

2 In fact, if you look at the post-crank

3 shaf t data, you'll see for 101 it was 3,500, 102,

O)'s_ 4 3528 and 103 3595 kilowatts.

5- In addition, the post -- I'm so rry, the

6 pre-crank shaft data was taken in August time frame,

7 the summer conditions, while the data af ter

8 crankshaft replacement was taken in the April and

9 March time frame, different temperature situations.

10 But the last contributor and which is

11 probably the most significant contributor was the

12 fact that after the crankshaft failure, we

13 disassembled the entire machine and had to reset .the

14 engine up, retime the engine.;f-
\j '

15 And as a result of that retiming, it is~

16 entirely possible that you would see the differences

17 in the firing pressures.

18 And perhaps Dr. Pischinger could add some

19 more to that. ,

20 DR. PISCHINGER: Of course, in

21 disassembling the engine including the crankshaft,

22 the whole gear to the injection pumos have to be

23 re-adjusted, and though it is necessary as has been

24 told that injection has to be retimed, and in myg-
V)

25 experience, this sometimes hoopened, when you have
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t::ga 1 an engine that had time factory set timing and after

2 a certain time you reset according to the handbook,

3 you get a difference, and I think this is what
,
t )
\> 4 happened here.

5 O. It's easier to use perhaps a different

6 setting of timing.
-

7 DR. PISCHINGER: Yes. I think this is a

8 probable cause.

9 0. Let's stick with EDG 101 for the time

.10 being, and this is the group that have to do with

11 the post-crank shaft replacement.

12~ Do you have that in front of you? This

13 is the one that we spent a good deal of time on

14 before, but I think there's one or two things that
~}

15 we should discuss briefly to help clarify the record.

16 As we look at EDG, the report on EDG 101,

17 we see that the numbers in that particular table

18 range from a low, perhaps, of 1640 to a high of 1720.

19 Would you think that that range,

20 different pressures and in those instances might be

21 due to the causes that you just described?

22 MR. YOUNGLING: The spread of the numbers

23 that you're seeing there is quite typical of our

(~} 24 balancing of the engine.
.v

25 We have a requirement in the TDI

.
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t:g3 1 manual that we have to have no more than 200 psi

2 between the maximum values.

3 We generally have been able to time -- to
ys

- 4 set the engines up to around a hundred pounds

5 difference. Sometimes it's 120, sometimes it's 80,

6 but generally we run in the hundred pound range,

7 about half of the TDI limit. That's just the amount

8 to balance the engine out.

9 We're certainly well within the TDI

10 specification for balance.

11 0. There's nothing peculiar about 101 that

12 would make a difference say, from 1028 is that

13 correct? It just seems to me you did a much better

14 job on 102 than you did on 101.{}
15 MR. YOUNGLING: Just like taking three

16 cars to the same mechanic. One comes.out running a
.

17 little diff erently than the other.

18 Basically, we have three engines that are

19 within specification, a few pounds difference, but
,

20 still in satisfactory specification.
,

21 Also, when you set these engines up, the

22 way you balance them is by inserting shims under the

23 fuel pumps, and the shim stock is only of so much

! (~} 24 thickness, and you can only huy a certain amount of
.v

25 balance, so that's the kind of procedure and these
!

!

|

|

i
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trga 1 are the kind of results that you get.

2 I think we do pretty well, actually.

3 0. Okay. W e.11, let me proceed.

I '/l
'

x- 4 The reason I was focusing on those

5 numbers is that in the failure analysis that was

6 done, apparently these numbers were used as a guide,

7 I think the number 1670 psi was testified, to as'

8 sort of being an average of a group of numberst

9 isn't that correct?

| 10 DR. M0 CARTHY: Close. An average peak

11 pressure that was conservative, that is, a value
;

12 that the actual numbers fell below, as I indicated

i 13 in my. testimony, that we had not measured that.
,

j (~S 14 In fact, here is a plot of peak pressure

U
15 for 200 seconds --

16 0. The record can't see'that.

! 17 DR. MC CARTHY: This is, we will out it

18 in the record then, this is just a plot --

19 JUDGE BRENNER: Why don't you try to

'

20 describe it. Let your counsel decide whether he

| 21 wants to put it in.

22 DR. MC CARTHY: When this question came

23 up, I got a telecopy of our original data from our'

(~) 24 engine test where what I've got plotted is peak

!
~

25 pressures for 250 seconds of running time, four

!

|
!
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.crg I . minutes for every peak pressure of every combustion

2 cycle was plotted, and what we saw was that the

3 pressures running at full load ranged f rom about
,_

k- '4- 1550 psi gage to the single highest point reading we

5 got was below 1658 psi gage with an average for the

6 200 and 240 seconds about 1604 psi gage.

7 We took a number of cycles and, of course,

8 this is a large number of data points, none of which

9 got up to the 1670.

.10 Now, these are done with a quartz

11 transducer that's highly accurate. A Kiene gage is

12 accurate to a percent, and so using the 1670, which

13 was a value we didn't actually measure as high up.

14 we called a conservative average peak value for(-)
V

15 fatigue damage purposes.

16 0. The group of data that you just described

17 are all lower than the group that we're looking att

18 is that correct?

19 DR. M0 CARTHY: No. As I indicated, they

20 range f rom 1550 to a high of 1668, which falls in

21 the range of the Kiene gage Sut the kay Kiene gage

22 measurements -- but, remember, the Kiene gage has a

23 check valve to keep its high reading, and doesn't do

24 the same operation.(-}v
25 0. Okay.

I
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wtga ! One of the points in asking this line of --

2 introducing this line of questions is that there was

3 a number -- you say 1670, was that number that yougs
i)

4 used in the failure analysis?'~

5 DR. MC CARTdY: That is correct.

6 0. Let's stick with that number.

7 DR. M0 CARTHY: I'm sorry. That i s not --

8 we used that in the piston analysis on -- for the

9 earlier crankshaft analysis before we had measured
.

10 data of our own, we used a value of 1680 suoplied to

11 us by TDI, but we actually measured the pressure and

12 we used 1670 for the pistons. 1680 is a peak

13 pressure for hending in the crankshaft analysis.

14 The peak pressure only affects the()
15 bending stresses at the crank shaft, not the

16 torsional stresses.

17 0. Let me get to really the thing that I'm

18 interested in. 'And that is if you, in fact,, measure

19 pressures as indicated in this exhibit that we just

20 described that are higher than the number that you

21 have used in your failure analysis, what effect have

22 you in your analysi.s looked -- have you in your

23 analysis looked at the effect of the extreme values?

24 Is the question clear?()
25 DR. 40 CARTHY: I believe, your Honor. I
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.t:rg a 1 understand your question in that let's take as a

2 point of argument, and let's say the peak pressure

3 were 1720 for a suppc.sition to answer your question,
,_
,

- 4 which is the highest value of measure here, we did

5 did take the f racture mechanics analysis, in f act.

6 beyond 1720 to 2,000 to see if that not only would --

7 the sensitivity of our analysis of the piston have

8 to our assumption of peak pressure under normal'

9 operating conditions, but, of course, the additional

10 effect the overload conditions that the engine is

11 sometimes required to run at and that has to be
;

12 considered as well.

13 As we've testified to previously, our

(- .14 analysis and testing indicates that the cracks -- a
% >)

.15 crack would not grow even if the average peak

16 pressure were 2,000 psi, and, therefore, our

17 analysis -- our conclusions are completely
,

18 insensitive to a pressure difference of this small

19 an amount.-

20 DR. HARRIS: If I could just interject

21 here for a moment to expand somewhat on Dr. McCarthy's

22 testimony, we took the analysis up to 2,203 psig.

23 not 2,000. Very minute coint.

(') 24 0. All right. That's been helpful to me.
\._-

25 Let me ask you now to turn to Page 22227.

. , _- ., - ..- ._-_-, - . . . . - . - . - . . . - - - - _ _ , - . - _ - - -
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wfga 'l -This question is going to be directed to
.

2 Dr. McCarthy and Dr.'Swanger. Do you have that in

3 front of you now?

O 4 I'm going to read the question that was

5 asked.
.

6 And just-to save me the reading of the

7 lengthy answer, Dr. McCarthy, I'd like for you to

8- read your answer, if you would be kind enough to do

9 it and then, Dr. Swanger, I'm going to ask you after

-10 I ask Dr. McCarthy a question to read your shorter

11 answer.
1

12 I'm reading the question now. "Dr. Ha rris

13 and Dr. McCarthy, on page 44'in the response to

r~ 14 question 69 you ref erred to the use of engineeringb}
15 fracture mechanics in modern design and analysis in ,

.

16 structures such as aircraft, spacecraft, pipelines ,

17 and turbines, et cetera.

18 You mean to suagest that fracture

19 mechanics are used in the design of these various

20 structures in order to insure that if there are

21 def ects or crack like indications that they won't

22 propagate to dangerous levels?"

23 Dr. McCarthy, would you he good enough to

24 read your answer out loud so that all of us
(v~T

25 can hear that answer.

,

_ - - _ _ _ . _ _ _ _ - - - _ _ _ - - . - - - - _ . - - - - _ - - - _ - _ - _ - - - - - - - - - - . _ _ _ . . - - _ _ - - . - _ . - - - - . . - - _ - - _ - - - . - - . . - _ . - - _ - _ _ _ . - - _ . _ . _ _ _ - _ _ _ . - _ _ _ _ - _ . _ - - . _ _ . - _ - . . - _ _ - . - - - - . . . _ - - . .
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w ga 1 DR. M0 CARTHY: "In a nutshell, yes. A

2. ~1ot of the work we do at Failure Analysis is lust

.3 making those analysis for people of critical flawfm
i ;s -

4 size and what kind of critical flaw can exist in''

5 your structure" and I guess it should say to correct

6 that, not just -- there are two things that you

7 could do. One is a critical flaw size to know your
,

8 structure will not fail in an overload and then
9 there's a second question. "Does a critical flaw

10 size determine how much you have to go back and look

11 at your" -- it should he structure "because not only

12 do we deal with the analysis of when a crack will

13 initiate but indeed how f ast it will propagate and

14 at what size you will begin to affect the critical(})
15 nature of your structure, in effect, the engine, the-

16 aircraft engine problem here referenced there was

17 not an assumption of flaw size problem as much as a

18 problem to analyze, the rate at which cracks could

19 grow in," I guess it should be "in the field and how

20 often such parts have to be inspected so that you

21 can catch any growing crack at the appropriate time.

22 You don't have to postulate an initial flaw. These

23 are expensive parts that are extensively inspected"

24 that should be "but come out with no real measurable()
25 flaws-but, in fact, operate in the initiation range
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w:ga i and, in fact. a crack" should be "will initiate and

2 grow and this was to establish their inspection

3 interval."

(7 ,

t> 4 JUDGE FERGUSON: You see my motive for

S having you read that, but Dr. Swanger, would you read

.6 your answer and then I'll ask my question.

7 DR. Si1 ANGER: "I might put this -- might

8 put this 'into the context of AE oistons at Shorehem
I.

and that is that our analysis says that no cracks9

.10 are possible to prooagate in these pistonst
,

therefore. they do not need any reinspection." It11

12 should be "An initial inspection upon manuf acture is

13 sufficient to show that there are no cracks and we
- 14 have demonstrated through fracture mechanics that no
''

15 further operational inspections are required.

16 0. That's the point I'd like to focus onr
,

17 very, very briefly, if I may.

la My understanding of these words you had

19 just recently reed is that an initial inspection of
20 the piston is made after it has been manufactured.

21 and I'm going on to assume that the manufactured

22 part is installed. Let me go back. The manufactured ? art {

23 is inspected and installed. Does this last

(-) 24 statement indicate that you're recommending that no
,

'
I~

25 further operational inspections are required at all

l '

_ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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wcg3 1 at any time.

2 DR. SWANGER : Ne, of course, would
!'

.

3 recommend that LILCO follow the recommendations of
:

4 'TDI as far as routine inspections of the piston.
i

5 O. Do you knod what they are?

i 6 DR. SNANGEA: I don't know what they are

7 right now.

| 8 0. Is there anyone on the panel that briefly r

9 can tell me whether or not there's a routine
10 . reinspection af ter they have been installed?

11 DR. 54C CARTHY8 Nith regard to cracks in

12 the stud boss area, though, the recommendation is |

13 exactly as Dr. Swanger stated.

14 After an initial inspection at the time

(a~}
,

15 of manuf acture and the finding of no critical flaws, i
,

.16 that is, flaws of a size bigger than we credict will

17 grow, there's no need to inspect the stud boss

18 region for-cracks with eddy current or dye penetrant

19 at later phases in the-operation, at least for the |

20 operating stresses that we've used in our finite
-|

.

21 element model and have testified about. j*

22 0. That's the point I really wanted to get i

:

23 to. .

24 I envision at some date after the machine had{}
25 run many cycles and unless you tell ne that

!

;

_ _ _ _ _ _ _ _ ___ - _ . _ - - _



y-

.

0010 01- 22469

w ga I 'there is some routine reinspection, I'm no t so --

2 I'm not convinced at the moment that that initial
~ 3 inspection together witn your analysis will verify

4 that nothing, in fact, could happen.

5 I understand all of the testimony about

6 your predictions, if there are no cracks, none will

7 initiate or grow. I understand that. But it seems

8 to me that -- I'd-like to knoa whether or not there

9 are any routine inspections. clanned.

10 Now, if you have it before you, I'd like

11 to have it today, but if not, maybe this is a convenient

12 time to break and we'll pick up. with this tomorrow.

.I I MR. YOUNGLING: Judge Ferguson, we don't

(]) 14 have the DRQR matrix which was. developed. It's out

15 in our anteroom. Peinaps we could come back to you

16 tomorrow morning.

17 0. Tomorrow simply tell me what the routine

,18 inspection is.

,19 MR. YOUl4GLING: Yes, we will.

20 EJUDGE BRENNER: We're prepared to rece.es

21 and cone back at nine o' clock tomorrow morning.

;
22 Did you want to say something, Mr. Farley?

2.3 MR. FARLEY: Please. Judge Brenner.

() 24 The Board will have mailed to it a letter

25- that was delivered today to Mr. Denton, and also
-

- - - - . .-_ ._ _. _ . . . - , . - . . _ . _ . - . _ _ , _ _ . . _ _ _ _ . _ _ . _ _ . , . _ _ _
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waga 1 delivered to '4r. Berlinger and a copy was afforced

2 to counsel for the County.
,

-
3 It dcels with a o.ro.cosal that's been

\- I 4 under discussion regarding the crankshafts and the

5 cam gallery area of the block, and in the interest

6 of professional candor, I would like to hand a copy

7 of this letter to each member of the Board.

8 JUDGE BRENNER: Okay. That's the first

9 I've heard about it. We'll take the letter and read ,

.10 it.

11 MR. DYNNER: If I would just add, Judge

12 Brenner, we were given a copy of this letter at the

13 lunch break.

~ 14 It involves some proposals by LIL'C0 that

15 are based uoon just a very cursory review of the

16 letter that seem to appear to be a significant

17 revision of the FSAR to derate the diesel engines

18 and also contains discussions about or some

19 discussion about discussions that were aoperently

20 going on between the staff and LILCO concerning

21 additional testing of the engines.

.22 I just will say as a preliminary matter

23 that it seems to us that these matters discussed in

24 this letter could have potentially a very
7''))t

25 significant bearing upon these hearings and as the
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wago l- Board reads the letter, it will quickly become

2 apparent that it involves things such as load

3 factors for the engines.upon which both our

() 4 testimony and LILCO testimony involving the'

5 crankshafts were based as well as other related

.6 matters, so I'm not going to go any further except

7 to say that I think that this material may have a .

8 significant bearing on the hearings.

9 JUDGE BRENNER: Well, I haven't read it
,

10 and I don't know what's in the letter. There have

11 been discussions of different load factors going

12 back quite some months, and back then I said if

13 snybody -- had any argument that t,here was

14 something material in there, presuming they would:

O_ 15 present it to us.
|

16 We sit here in an ad ludicatory proceeding.

17 I'm not worried about the routine corresoondence or

18 even non routine correspondence that goes on between

19 the staff and LILCo.

20 We'll get copies so we're anorised of the

21 situations, but we don't make any fact findings

22 based on that type of material and nobody 5rought

23 anything to us in the croceedings with respect to

24 the different load factors that there's -- that
7s

25 there have been any contention that loads a ssumed'~

- - - _ . .-- _ __ _ _ . _ - . . _ _ . _ , . .. .. , . ~ . _ _ . _ _ - - . _ _ _ _ . - - - , _ . _ _
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.wcgs 1 for use in the analysis of what the diesels would

2 have to run at in an emergency situation are incorrect

3 and that's where that stood.
f n,

5) 4 Now if there's anything new or different

5 in there, presumably, we'll hear about it from

6 somebody.
.

7 MR. FARLEY: I just felt obligated to-

,

8 bring it to your attention as soon as it had gone

9 out.

10 JUDGE BRENNER: But I assume at some

11 point you're going to discuss among the carties, if

12 anybody is going to bring something before us and

13 you can tell me -- if LILCO can point out whether

A 14 they think it's material or not meterial to anything .

r
%-

15 before us and the other parties can do the same.

16 '4R. F ARLEY: Our present plan now, your

17 Honor, is to proceed with the crank shafts on the

18 file testimony.

19 JUDGE BRENNER: We'll recess until nine

20 o' clock tomo rrow morning.

21 (Whereupon, at 5:05 p.m., the hearing was

22 adjourned, to reconvene at 9:00 a.m. Thursday,

23 September 13, 1934)

24-w

25

. _ . - _ _ ._ _ _ _ - - _ . . _ _ . , _ _ . _ _ _ _ - - _ . . - _ . _ ~
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